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        Abstract
A pen-tailed tree shrew (Ptilocercus lowii) specimen was live-trapped in 2006 in an Acacia plantation for the first known time at Samarakan Planted Forest Zone (PFZ) in Bintulu, Sarawak. However, its lack of recurring in other Acacia plantations suggests that the monoculture agricultural field is not a typical habitat for this species. Live-trapping data suggest that generally there were two breeding seasons per year for this species in Borneo: a more consistent one occurred between February and April, and a broader one between June and October. The second, the broader breeding season likely varied based on the microhabitat of each sampling site. In Samarakan PFZ, during the 2006 season, we recorded one breeding season between September and October, and in 2007 recorded one between June and July. Meanwhile, since the year 2000, this species was recorded at only 17 locations within its range of distribution in Southeast Asia, suggesting the possibility of population decline and shrinkage in its distribution range. Given the rapid disappearance of forested areas in Southeast Asia, stepping up the field studies and targeted sampling for this species becomes the priority task for all of its conservation work.

Keywords: Borneo; breeding season; habit; live-trapping; pen-tailed tree shrew; Ptilocercus lowii

Acknowledgments
The Grand Perfect Sdn Bhd under contract with the Sarawak Planted Forests Project of the Forest Department Sarawak funded the fieldwork in Samarakan PFZ. Our thanks go to its Director of Forests, Dato’ Cheong Ek Choon. The Department of Irrigation and Drainage Malaysia kindly provided the rainfall data. Michigo Nakagawa, Konstants Wells, Shafiz Azman and Roberta Tingga unselfishly shared their raw live-trapping data. David Andrew, Cobie Brinkman, Jon Hall, Jikos Giddiman, Stefan Lithner, Jephte Sompud, Daniel Froehlich and Oisin Bagly generously provided additional details on their sighting of the pen-tailed tree shrew. Larry Heaney furnished the data of the Chicago Field Museum of Natural History. Kristofer Helgen and Antony Shadbolt provided technical guidance to the second author (RR), whilst Gundie, Hendry and Nyegang assisted the field trapping. Wan Noor Shahida prepared the map. Katharina Stefke, Frank Zachos and Melissa Hawkins assisted in sourcing various references. Joannes Unggang coordinated the field trapping from 2007 onward. Thanks also to the two anonymous reviewers for providing constructive comments on the manuscript.

References
Camacho-Sanchez, M., M.T.R. Hawkins, F, Y.Y. Tuh, J.E. Maldonado and J.A. Leonard. 2019. Endemism and diversity of small mammals along two neighboring Bornean mountains. PeerJ 7: 47858.10.7717/peerj.7858Search in Google Scholar
            PubMed
        
            PubMed Central
        
Cassola, F. 2016. Ptilocercus lowii. The IUCN Red List of Threatened Species 2016: e.T41491A22278277. http://dx.doi.org/10.2305/IUCN.UK.2016-2.RLTS.T41491A22278277.en.10.2305/IUCN.UK.2016-2.RLTS.T41491A22278277.enSearch in Google Scholar
Chapman, P.M., O.R. Wearn, T. Rlutta, C.Carbone, J.M. Rowcliffe, H. Bernard and R.M. Ewers. 2018. Inter-annual dynamics and persistence of small mammal communities in a selectively logged tropical forest in Borneo. Biodivers. Conserv. 27: 3155–3169.10.1007/s10531-018-1594-ySearch in Google Scholar
Emmons, L. 2000. Tupai: a field study of Bornean treeshrews. University of California Press, Berkeley, USA.10.1525/california/9780520222915.001.0001Search in Google Scholar
Gould, E. 1978. The behavior of the moonrat, Echinosorex gymnurus (Erinaceidae) and the pentail shrew, Ptilocercus lowii (Tupaiidae) with comments on the behavior of other insectivore. Z. Tierpsychol. 48: 1–27.10.1111/j.1439-0310.1978.tb00245.xSearch in Google Scholar
Hawkins, M.T.R. 2018a. Family Ptilocercidae. In: (D.E. Wilson and R.A. Mittermeier, eds.) Handbook of the mammals of the world: vol. 8: insectivores, sloths, and colugos. Lynx Edicions, Barcelona. pp. 236–241.Search in Google Scholar
Hawkins, M.T.R. 2018b. Family Tupaiidae. In: (D.E. Wilson and R.A. Mittermeier, eds.) Handbook of the mammals of the world: vol. 8: insectivores, sloths, and colugos. Lynx Edicions, Barcelona. pp. 242–269.Search in Google Scholar
Helgen, K.M. 2005. Family Tupaiidae. In: (D.E. Wilson and D.M. Reeder, eds.) Mammal species of the world: a taxonomic and geographic reference, 3rd ed. Johns Hopkins University Press, Baltimore, Maryland, USA. pp. 108–109.Search in Google Scholar
Izaidah, T. 2015. Overview of forestry sector in Peninsular Malaysia. Int. J. Sci. 4: 73–78.10.18483/ijSci.882Search in Google Scholar
Janečka, J.E., W. Miller, T.H. Pringle, F. Wiens, A. Zitzmann, K.M. Helgen, M.S. Springer and W.J. Murphy. 2007. Molecular and genomic data identify the closest living relative of primates. Science 318: 792–794.10.1126/science.1147555Search in Google Scholar
            PubMed
        
Jayaraj, V.K., N.F.D.A. Tahir, N.A. Udin, N.F.K. Baharin, S.K. Ismail and S.N.A. Zakaria. 2011. Species diversity of small mammals at Gunung Stong State Park, Kelantan, Malaysia. JoTT 4: 2617–2628.10.11609/JoTT.o3015.2617-28Search in Google Scholar
Jayaraj, V.K., F.A.A. Khan., I. Azhar, W. Ean, M.R.M. Ali, A. Ahmad and A.M. Yusoff. 2016. Diversity and conservation status of small mammals in Kelantan, Malaysia. Songklanakarin J. Sci. Technol. 38: 213–220.Search in Google Scholar
Kee, S.L., J. Sompud, K.J.C. Pei, S. Mahmud, C. Goh, P. Liau and Y. Fadzil. 2018. Nocturnal mammals of Segaliud-Lokan Forest Reserve, Sabah. T. Sci. Technol. 5: 131–136.Search in Google Scholar
Khalib, N.K.A., N.J. Shafie, H.H. Basri, B.R. Nelson and M.T. Abdullah. 2018. Non-volant small mammal data from fragmented forests in Terengganu State. Data Brief 21: 1514–1520.10.1016/j.dib.2018.10.061Search in Google Scholar
            PubMed
        
            PubMed Central
        
Kitamura, S., S. Thong-Aree, S. Madsri and P. Poonswad. 2010. Mammal diversity and conservation in a small isolated forest of southern Thailand. Raffles B. Zool. 58: 145–156.Search in Google Scholar
Li, Q. and X. Ni. 2016. An early Oligocene fossil demonstrates treeshrews are slowly evolving “living fossils”. Sci. Rep. 6: 18627.10.1038/srep18627Search in Google Scholar
            PubMed
        
            PubMed Central
        
Malaysian Timber Council. 2017. Malaysia: forest and environment facts and figures. The Malaysian Timber Council, Kuala Lumpur.Search in Google Scholar
Mariana, A., M.N. Shukor, M.N. Norhazizi, I. Nurlemsha and T.M. Ho. 2010. Movements and home range of a common species of tree-shrew, Tupaia glis, surrounding houses of otoacariasis cases in Kuantan, Pahang, Malaysia. Asian Pac. J. Trop. Med. 3: 427–434.10.1016/S1995-7645(10)60103-4Search in Google Scholar
Margono, B.A., S. Turubanova, I. Zhuravleva, P. Potapov, A. Tyukavina, A. Baccini, S. Goetz and M.C. Hansen. 2012. Mapping and monitoring deforestation and forest degradation in Sumatra (Indonesia) using Landsat time series data sets from 1990 to 2010. Environ. Res. Lett. 44: 7034010.10.1088/1748-9326/7/3/034010Search in Google Scholar
Martin, R.D. 1968. Reproduction and ontogeny in tree shrew (Tupaia belangeri), with reference to their general behavior and taxonomic relationships. Z. Tierpsychol. 25: 409–532.10.1111/j.1439-0310.1968.tb00023.xSearch in Google Scholar
            PubMed
        
Medway, L. 1977. Mammals of Borneo: field keys and an annotated checklist, 2nd ed. Kuala Lumpur. Malaysian Branch of the Royal Asiatic Society. Perchetakan Mas Sdn. Bhd. Kuala Lumpur.Search in Google Scholar
Muul, I. and B.L. Lim. 1971. New locality records for some mammals of West Malaysia. J. Mammal. 52: 430–437.10.2307/1378686Search in Google Scholar
Nakagawa, M., H. Miguchi and T. Nakashizuka. 2006. The effect of various forest uses on small mammal community in Sarawak, Malaysia. Forest Ecol. Manag. 231: 55–62.10.1016/j.foreco.2006.05.006Search in Google Scholar
Nakagawa, M., H. Miguchi, K. Sato, S. Sakai and T. Nakashizuka. 2007. Population dynamics of arboreal and terrestrial small mammals in a tropical rainforest, Sarawak, Malaysia. Raffles B. Zool. 55: 389–395.Search in Google Scholar
Parker, S. 1989. Grzimek’s encyclopedia of mammals. McGraw-Hill Publishing Co, San Francisco, CA, USA.Search in Google Scholar
Payne, J., C.M. Francis and K. Phillips. 1985. A field guide to the mammals of Borneo. The Sabah Society, Kota Kinabalu, Malaysia.Search in Google Scholar
Phillipps, Q. and K. Phillipps. 2016. Phillips’s guide to the mammals of Borneo and their ecology: Sabah, Sarawak, Brunei, and Kalimantan. Natural History Publications (Borneo), Kota Kinabalu, Malaysia. pp. 400.Search in Google Scholar
Ramli, R. and R. Hashim. 2009 Diversity of small mammals inhabiting disturbed forest: a case study on Kenaboi Forest Reserve, Jelebu, Negeri Sembilan, Malaysia. Malay. J. Sci. 28: 281–490.Search in Google Scholar
Round, P.D. 1988. Resident forest birds in Thailand: their status and conservation. International Council for Bird Preservation, Cambridge, UK.Search in Google Scholar
Ruppert, N.B., A. Mansor and S.M. Anuar. 2015. Diversity and biomass of terrestrial small mammals at a Malaysian primary forest (Segari Melintang Forest Reserve, Peninsular Malaysia). J. Trop. Life Sci. 5: 35–44.10.11594/jtls.05.01.07Search in Google Scholar
Shadbolt, A.B. 2014. Small mammals of the Planted Forest Zone of Sarawak, East Malaysia: an assessment of dispersal ability and response to habitat fragmentation. PhD Thesis. University of Canterbury, Christchurch, New Zealand.Search in Google Scholar
Shazali, N., S.P.H. Rahman, N.F.D.A. Tahir, R. Murni, N.A. Latip, N. Naharuddin, I. Azhar, E. McArthur, M.Z. Khalik, A.R. Mohd-Ridwan, F.A.A. Khan and R.C.T. Tingga. 2016. Small mammals from Miri, northeastern region of Sarawak, Malaysian Borneo: note on new locality records. Check List 12: 1–10.10.15560/12.2.1863Search in Google Scholar
Shoshani, J. and M.C. McKenna. 1998. Higher taxonomic relationships among extant mammals based on morphology, with selected comparisons of results from molecular data. Mol. Phylogenet. Evol. 9: 572–584.10.1006/mpev.1998.0520Search in Google Scholar
            PubMed
        
Shukor, M.N., B. Zainab and A. Zubaid. 2001. Elevational diversity pattern of non-volant small mammals on Mount Nuang, Hulu Langat, Selangor. J. Biol. Sci. 1: 1081–1084.10.3923/jbs.2001.1081.1084Search in Google Scholar
Syakirah, S., A. Zubaid, C. Prentice, A. Lopez, M.R. Azmin and A. Mohd Yusof. 2000. Small mammal survey at Tasek Bera, Pahang, Malaysia’s first Ramsar site. Malays. Nat. J. 54: 31–41.Search in Google Scholar
Tingga, R.C.T., F.A. Anwarali, A.R. Mohd Ridwan, J. Senawi and M.T. Abdullah. 2012. Small mammals from Kuala Atok, Taman Negara Pahang, Malaysia. Sains Malays. 41: 659–669.Search in Google Scholar
Wearn, O.R. 2015. Mammalian community responses to a gradient of land-use intensity on the island of Borneo. PhD thesis. Imperial College of London, London, UK.Search in Google Scholar
Wells, K. 2005. Impacts of rainforest logging on non-volant small mammal assemblages in Borneo. PhD thesis. University of Ulm, Baden-Württemberg, Germany.Search in Google Scholar
Wells, K., M. Pfeiffer, M. Lakim and K.E. Linsenmair. 2004. Use of arboreal and terrestrial space by a small mammal community in a tropical rain forest in Borneo, Malaysia. J. Biogeogr. 31: 641–652.10.1046/j.1365-2699.2003.01032.xSearch in Google Scholar
Wells, K., M. Lakim and M. Pfeiffer. 2006. Nest sites of rodents and treeshrews in Borneo. Ecotropica 12: 141–149.Search in Google Scholar
Wells, K., M. Lakim and R.B. O’Hara. 2014. Shifts from native to invasive small mammals across gradients from tropical forest to urban habitat in Borneo. Biodivers. Conserv. 23: 2289–2303.10.1007/s10531-014-0723-5Search in Google Scholar
Wiens, F., A. Zitzmann, M.A. Lachance, M. Yegles, F. Pragst, F.M. Wurst, D. von Holst, L.G. Saw and R. Spanagel. 2008. Chronic intake of fermented floral nectar by wild treeshrews. Proc. Natl. Acad. Sci. 105: 10426–10431.10.1073/pnas.0801628105Search in Google Scholar
            PubMed
        
            PubMed Central
        
William-Dee, J., F.A.A. Khan, Q. Rosli, M.A. Morni, I. Azhar, S.L. Lee, R.C.T. Tingga and M.R.A. Rahman. 2019. Comparative distribution of small mammals diversity in protected and non-protected area of Peninsular Malaysia. Trop. Life Sci. Res. 30: 131–147.10.21315/tlsr2019.30.2.10Search in Google Scholar
Yasuma, S., L. Apin and T.Y.Y. Fred. 2003. Mammals of crocker range: a field guide. Park Management Component BBEC Programme. pp. 117.Search in Google Scholar
Zubaid, A., M. Khairul and A. Effendi. 1997. Comparison of small mammal abundance between a primary and disturbed lowland rain forest in Peninsular Malaysia. Malays. Nat. J. 50: 201–206.Search in Google Scholar

Received: 2019-06-10
Accepted: 2020-02-28
Published Online: 2020-04-02
Published in Print: 2020-11-26

©2020 Walter de Gruyter GmbH, Berlin/Boston




    


                
            

    



                                


                                
                                



    
        
            
                
                    
                
                
                                    

    
        
            Cite this article

        

    

    
        
            	
                        
                            
                            MLA
                        
                    
	
                        
                            
                            APA
                        
                    
	
                        
                            
                            Harvard
                        
                    
	
                        
                            
                            Chicago
                        
                    
	
                        
                            
                            Vancouver
                        
                    


        

        
            
                
                    Han, Kwai-Hin, Ragai, Roslina and Stuebing, Robert B.. "Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii" Mammalia, vol. 84, no. 6, 2020, pp. 521-533. https://doi.org/10.1515/mammalia-2019-0069

                
                    Han, K., Ragai, R. & Stuebing, R. (2020). Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii. Mammalia, 84(6), 521-533. https://doi.org/10.1515/mammalia-2019-0069

                
                    Han, K., Ragai, R. and Stuebing, R. (2020) Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii. Mammalia, Vol. 84 (Issue 6), pp. 521-533. https://doi.org/10.1515/mammalia-2019-0069

                
                    Han, Kwai-Hin, Ragai, Roslina and Stuebing, Robert B.. "Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii" Mammalia 84, no. 6 (2020): 521-533. https://doi.org/10.1515/mammalia-2019-0069

                
                    Han K, Ragai R, Stuebing R. Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii. Mammalia. 2020;84(6): 521-533. https://doi.org/10.1515/mammalia-2019-0069

                
                Copied to clipboard

            

            
                Copy to clipboard

                
                    Download:
                    
                        BibTeX
                    
                        EndNote
                    
                        RIS
                    
                

            

        

    





                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    



    
        
            
                    Share this article
                
        

        	
                
                    
                        
                    
                    Facebook
                
            
	
                
                    
                        
                    
                    Twitter
                
            
	
                
                    
                        
                    
                    LinkedIn
                
            


    




                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    Supplementary Materials

                                    

                                
            

        

    




                                




    
        
            
                
                    
                
                
    
        Please login or register with De Gruyter to order this product.

        
Register
Log in
    


            

        

    







                                

                            

                        

                    

                


            


            
                
                    
                    
                        
                        

                        
                        
                            


                        

                        
                        
                            


                        

                        

                                
                                From the journal

                                
                                    
                                        







      


                                    

                                    
                                    
                                        
                                            Mammalia
                                        

                                        
                                        
                                            
                                                Volume 84 Issue 6
                                            
                                        

                                        
                                    

                                


                                
                                
                                    
                                        
                                            
                                                Submit manuscript
                                            

                                        
                                    
                                

                                
                                
                                    
                                        Journal and Issue
                                    
                                


                                
                                


    

        
        
            
            
                
                    
                
            

        


        
                
                
                    
                        
                        
                            This issue
                        
                    

                    
                        
                        
                            All issues
                        
                    


                

            
        

    





                                
                                
                                    

    Articles in the same Issue


    
        
            
                
                    
                    
                        Frontmatter
                    
                    

                


            
                
                    
                    
                        
                            
                            Ecology
                        
                    
                    

                


            
                
                    
                    
                        Habitat use and the coexistence of the sika deer and the Japanese serow, sympatric ungulates from Mt. Asama, central Japan
                    
                    

                


            
                
                    
                    
                        Spatiotemporal occurrence of Mishmi takin Budorcas taxicolor in Dulongjiang Region, southwestern China
                    
                    

                


            
                
                    
                    
                        
                            
                            Reexamining the habit, occurrence, breeding season and conservation of the pen-tailed tree shrew Ptilocercus lowii
                        
                    
                    

                


            
                
                    
                    
                        Species richness and ethnozoological annotations on mammals at the Boanamo indigenous community, Waorani territory, Orellana and Pastaza provinces, Ecuador
                    
                    

                


            
                
                    
                    
                        Food habits of the Indian bush rat (Golunda ellioti Gray, 1837) in Pothwar region, Pakistan
                    
                    

                


            
                
                    
                    
                        Improving the detection rate of binturongs (Arctictis binturong) in Palawan Island, Philippines, through the use of arboreal camera-trapping
                    
                    

                


            
                
                    
                    
                        Patch use and site selection by a rock hyrax (Procavia capensis) in a human-dominated landscape in the West Bank of Palestine
                    
                    

                


            
                
                    
                    
                        
                            
                            Conservation
                        
                    
                    

                


            
                
                    
                    
                        New genetic diversity for endangered bottlenose dolphin subspecies along the Argentine coast
                    
                    

                


            
                
                    
                    
                        On the conservation of Myrmecophaga tridactyla (Pilosa: Myrmecophagidae) in the core of Río Plátano Biosphere Reserve, Honduras
                    
                    

                


            
                
                    
                    
                        
                            
                            Biogeography
                        
                    
                    

                


            
                
                    
                    
                        Dhole Cuon alpinus in Satchari National Park: on the first verifiable evidence from northeast Bangladesh
                    
                    

                


            
                
                    
                    
                        First record of Sanborn’s bonneted bat, Eumops hansae (Molossidae), in Colombia
                    
                    

                


            
                
                    
                    
                        
                            
                            Evolutionary biology
                        
                    
                    

                


            
                
                    
                    
                        First record of albino lowland tapirs (Tapirus terrestris Linnaeus 1758) in an important Brazilian Atlantic Forest hotspot
                    
                    

                


            
                
                    
                    
                        First record of albinism in spiny rats of genus Proechimys (Rodentia: Echimyidae) from Western Amazon
                    
                    

                


            
        
    




                                
                            
                    


                

            
        


        





        
    

    



        
        
    
    

    









    
        
            
            
                
                
                    
    
        Subjects

    

                    
                        
                            
                                	Architecture and Design
	Arts
	Asian and Pacific Studies
	Business and Economics
	Chemistry
	Classical and Ancient Near Eastern Studies
	Computer Sciences
	Cultural Studies
	Engineering
	General Interest


                            

                        
                            
                                	Geosciences
	History
	Industrial Chemistry
	Islamic and Middle Eastern Studies
	Jewish Studies
	Law
	Library and Information Science, Book Studies
	Life Sciences
	Linguistics and Semiotics
	Literary Studies


                            

                        
                            
                                	Materials Sciences
	Mathematics
	Medicine
	Music
	Pharmacy
	Philosophy
	Physics
	Social Sciences
	Sports and Recreation
	Theology and Religion


                            

                        
                    

                

                
                
                    
                        
                        
                            
    
        Services

    

                            	For Journal Authors
	For Book Authors
	For Librarians
	Rights & Permissions


                        

                        
                        
                            
    
        Publications

    

                            	Publication types
	Open Access


                        

                        
                        
                            
    
        About

    

                            	Contact
	Career
	About De Gruyter
	Partnerships
	Press
	FAQs


                        

                    


                    
                    
                        
                            Social

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                        

                        
                            

                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                    
                    
                        
                            

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                

                
                    

                

            

            
            
                
                    	Help/FAQ
	Privacy policy
	Cookie Policy
	Accessibility
	Terms & Conditions
	Legal Notice


                

                
                    © Walter de Gruyter GmbH 2024

                

                
                
                    

                

            

        

    


    





    Downloaded on 8.3.2024 from https://www.degruyter.com/document/doi/10.1515/mammalia-2019-0069/pdf




    
    
        
    

    
    
    
    

    

    

    
    
    
    

    
    
        
            
        
    
    
        
    

        
    

    
        
    

    

