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Abstracts: The Southeast Asian Shrews (Crocidura dracula & C. fuliginosa) are so 
similar in external morphology and skull characters. Thus, their taxonomic 
status and distribution have debated for a long time. Recent researches provided 
the molecular identification which caused the change of outlook on occurrence 
area of these two species. Based on new collections, we have updated the 
geographical distribution of C. dracula and C. fuliginosa in Southern China and 
Southeast Asia (SEA) by using morphology and molecular approaching. This 
study also suggested that the Mekong River is the natural barrier of these species. 
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1. INTRODUCTION 

Vietnam is located in a subtropical-tropical transition zone having complex climate 

and on the eastern margin of the Indochinese Peninsula with a diverse topography 

including many islands on the East Sea. Because of its location, topography and climate, 

the long country experiences a high species richness of mammals (Sterling and Hurley 

2005; Sterling et al., 2006; Can et al., 2008). According to the recent checklist, 

Vietnamese mammalian fauna consists more than 295 species of 114 genera, 37 families, 

and 13 orders of mammals (excluding marine mammals) (Dang Ngoc Can et al., 2008).  

The white-toothed shrews Crocidura is the speciose genus of mammals with 198 

currently recognized species and these animals are widely distributed from Africa to 

Southeast Asia as far as islands to the east of Sulawesi via crossing Europe and the 

Palaearctic (Jenkins et al., 2009; Burgin and He, 2018). Recent studies have shown a great 

diversity of the genus Crocidura in Vietnam by a list of 15 species that have been 

recorded along the country (Bui Tuan Hai et al., 2019). 

C. dracula and C. fuliginosa are distinct species with very similar external 

morphology and skull characters, hence the taxonomic status of these species has been 

considered for a long time. C. fuliginosa was firstly recorded from Myanmar as a new 

species by Blyth (1855), while C. dracula was originally described by Thomas (1912) 
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from Southern Yunnan (China) and their distribution ranged throughout southern China to 

adjacent Indochina (Allen, 1938; Ellerman and Morrison-Scott, 1951). However, C. 

dracula was noted as a synonym or subspecies, C. f. dracula by many authors (Jenkins, 

1976; Heaney and Timm, 1983; Dang Huy Huynh et al., 1994; Kuznetsov, 2006; Jiang 

and Hoffmann, 2001; Hutterer, 2005; Dang Ngoc Can et al., 2008 and Jenkins et al., 2009). 

Dubey et al. (2008) detected the nuclear genetic differences of C. fuliginosa sensu lato 

between Yunnan (China) and Peninsular (Malaysia). Based on the comparative study of 

mtDNA, Bannikova et al. (2011) suggested the distinct taxonomic position of C. dracula 

(from Northern Vietnam and Southern China) and C. fuliginosa (Southern Mynamar, 

Malaysia and Con Son island (Vietnam)) including the first molecular data of C. 

fuliginosa in Vietnam. Moreover, Bui Tuan Hai et al. (2017) found the significant 

differences in skull morphology between specimens from Hon Khoai island (Ca Mau, 

Vietnam) and others Vietnamese C. dracula populations (from Hoa Binh, Thanh Hoa, 

Nghe An, Phu Tho and Vinh Phuc) by using multivariate analysis.  

The actual distribution of C. dracula and C. fuliginosa in Vietnam is still questionable 

(Abramov et al., 2012, 2013 and Bui Tuan Hai et al., 2017). Before the DNA revision of 

Bannikova et al. (2011), many researches claimed C. fuliginosa being widespread in the 

mainland of Vietnam (Heaney & Timm, 1983; Dang Huy Huynh et al., 1994, Kuznetsov, 

2006; Dang Ngoc Can et al., 2008; Jenkins et al., 2009). Later, Abramov et al. (2013) and 

Bui Tuan Hai et al. (2017) discussed that C. dracula is distributed in northern India, 

Southern China, Myanmar and Northern Vietnam (approached to Nghe An). Indeed, the 

distribution of C. dracula (or C. fuliginosa) in India has not been confirmed by specimens. 

Besides, Abramov et al. (2012, 2013, 2018) and Bui Tuan Hai et al. (2017) also mentioned 

the occurrence of C. fuliginosa in Con Son islands (Ba Ria - Vung Tau, Vietnam) and Hon 

Khoai island (Ca Mau, Vietnam), respectively. The current IUCN distribution map (Fig. 1A; 

Molur, 2016) showed the wild appearance of C. fuliginosa have been revised by this study. 

Here we have updated the geographical distribution of C. dracula and C. fuliginosa in 

Southern China and SEA.  

2. MATERIALS AND METHODS 

A total 52 specimens of Crocidura, which were collected from 13 localities (Dien 

Bien, Lai Chau, Son La, Lao Cai, Hoa Binh, Ha Giang, Phu Tho, Vinh Phuc, Thanh Hoa, 

Nghe An, Ba Ria-Vung Tau, Ca Mau and Kien Giang), were used in this study. The 

morphological voucher specimens were deposited in Vietnam National Museum of Nature 

and Institute of Ecology and Biological Resources (Vietnam Academy of Science and 

Technology), Zoological Museum of Saint Petersburg Zoological Institute (Russian 

Academy of Sciences), and Smithsonian National Museum of Natural History (U.S.A).  

Morphological identification 

The species identification was based on external morphology and skull characters 

followed Blyth (1855), Thomas (1912), Jenkins et al. (2009), Bannikova et al. (2011), Bui 

Tuan Hai et al. (2017) and Burgin and He (2018).  
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Molecular data and phylogenetic analyses 

DNA extraction and amplification based on the protocols of Kuraishi et al. (2013), 

modified by Nguyen et al. (2015) and referred the thermocycling procedure by Bannikova 

et al. (2011). The complete mitochondrial cytochrome b gene (Cytb) was amplified by 

PCR with the primers as “SoriR: TGACATGAAAAATCATCGTTG SoriF: 

CCATCTCTGGTTTACAAGAC”. The PCR products were temporary preserved at -20°C 

storage and were sequenced by First BASE (Malaysia). The sequencing results were 

molecularly identified for species by blasting on GenBank. Chromas Pro software 

(Technelysium Pty Ltd., Tewantin, Australia) and MEGA X (Kumar et al., 2018) were 

used to edit and align the sequences. The best-fit model for alignment was selected by 

jModeltest2 (Darriba et al., 2012) based on Akaike Information Criterion (AIC) as 

GTR+I+G. Phylogenetic trees were constructed by using maximum likelihood (ML) and 

Bayesian inference (BI) via Kakusan 4 (Tanabe, 2011). 

We conducted a DNA analysis of a total 25 sequences. Among them, we also 

included 10 cytb sequences data from GenBank which were published in earlier studies 

(by Motokawa et al., 2004; Esselstyn et al., 2009; Esselstyn and Oliveros, 2010; 

Bannikova et al., 2011 and Guo et al., 2011). GenBank accession numbers of sequences 

used in our analysis including AB175079, GU981271, GU358522, JX18194, FJ813925, 

JF784171, AB115557, AB175083, AB175085, JX181941.  

3. RESULTS AND DISCUSSION 

By comparing external morphology and skull characters, we identified 46 specimens 

collected from 10 localities in mainland of Vietnam including Dien Bien, Lai Chau, Son 

La, Lao Cai, Hoa Binh, Ha Giang, Phu Tho, Vinh Phuc, Thanh Hoa, and Nghe An as C. 

dracula. Other 6 specimens collected from Ba Ria-Vung Tau (Con Son island, 2 vouchers), 

Ca Mau (Hon Khoai island, 3 vouchers), and Kien Giang (Tho Chu island, 1 voucher) 

belonged to C. fuliginosa.  

In Bayesian inference statistic, the posterior probability values were congruent with 

maximum likelihood bootstrap support. The ML and BI analyses generated the trees with 

the same overall topology. Thus, the ML tree (Fig. 2) with a clearly designed was used to 

show the genetic relationship among studied objects. The phylogenetic result indicated 

that the specimens, which were collected in Nghe An, Thanh Hoa, Vinh Phuc, Ha Giang, 

Hoa Binh, Lai Chau, Dien Bien, Son La, belonged to clade A with  

C. dracula from Yunan (China). Meanwhile, the specimens from the islands Tho Chu and 

Hon Khoai (Vietnam) were nested in the clade B together with the specimens were 

reported in Peninsula (Malaysia), Kampot (Cambodia) and Con Son island (Vietnam) by 

Esselstyn et al. (2009) and Bannikova et al. (2011). Proportional (p) distances of cytb 

compare two lineages A and B were from 9.83% to 10.03% with a perfect probability of 

bootstrap support. Other clades (C, D and E) were presented for making well topology of 

phylogenetic tree and clarification of relationship among Crocidura species.   

This study has confirmed that C. dracula and C. fuliginosa have been not sympatric 

in SEA. C. dracula distributed from Southern China throughout Laos, a part of Cambodia 
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and recently extended limited to Nghe An province (mainland of VN). Although, 

according to our research, C. fuliginosa has not been found in continental Vietnam, this 

species has occurred only in several islands mentioned above. However, in association 

among this study and Esselstyn et al. (2009), Bannikova et al. (2011), Abramov et al. 

(2012, 2013, 2018) and Bui Tuan Hai et al. (2017, 2019), C. fuliginosa distributed 

apparently from Myanmar to Thailand, Cambodia, Peninsula (Malaysia) and 

Southernmost Vietnam including some coastal islands (Fig. 1B). 

 

Fig. 1. A. Distribution of Crocidura fuliginosa by the IUCN.  
B. Distribution of C. dracula and C. fuliginosa by this study 

The absence of C. fuliginosa on the Vietnamese mainland may be due to human 

impact on the habitat of this species during the exploitation of the Mekong Delta and the 

influence of saltwater intrusion. Nevertheless, C. fuliginosa is still able to expand the 

distribution on the mainland of Vietnam in the east of Mekong River.  

Esselstyn et al. (2009) indicated that the lineage divergence of the most recent 

common ancestor to “C. fuliginosa” (in fact, they are two specimens of C. fuliginosa in 

Malay Peninsula and one specimen of C. dracula from Ha Giang, Northern Vietnam) was 

taken place in nearly 20 mya. In contrast, by the sedimentological, thermochronological 

and tectonic information, Nie et al. (2018) suggested that the Mekong River have started 

to drain since about 17 mya during the middle Miocene. Moreover, Crocidura shrews 

were reported that their bodies remain relatively unspecialized with no limbs adaptations 

for swimming (Hutterer, 1985, Bugin & He, 2018). Therefore, we speculated that the most 
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recent common ancestor of C. fuliginosa-C. dracula had dispersed and was widely 

distributed in Southern China and SEA. The two populations then diverged due to the 

influence of geographical isolation caused by the rising history of the Mekong River basin.  

In the light of the above arguments, we suggest that C. dracula distributes on the 

Eastside of the Mekong river while C. fuliginosa appears on the opposite direction and the 

Mekong River is the natural barrier of these two species.  

 

Fig. 2. ML tree based on Cytb of Crocidura spp.. Numbers near the branches represent 
bootstrap support (BS) 

4. CONCLUSION 

Our results suggested that C. dracula and C. fuliginosa are allopatric species within 

Southern China and Southeast Asia. C. dracula was distributed in China, Laos, and 

Vietnam limited to the East bank of the Mekong River. On the contrary, C. fuliginosa 

occurred in the westside of Mekong River throughout Malay Peninsula and Myanmar 

including the Vietnamese southernmost mainland and coastal islands, Cambodia, and 

Thailand.  The speciation of these two sister species may relate to geographical isolation 

by the Mekong River. 
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Additionally, further research on the occurrence of C. dracula and C. fuliginosa in 

India, Malaysian Borneo and Indonesia is needed to provide a good conservation status.  
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ĐÁNH GIÁ LẠI HIỆN TRẠNG PHÂN BỐ CỦA HAI LOÀI CHUỘT CHÙ 
RĂNG TRẮNG ĐÔNG NAM Á (Crocidura dracula và C. fuliginosa)  

DỰA TRÊN BỘ SƯU TẬP MẪU VẬT MỚI Ở VIỆT NAM 

Bùi Tuấn Hải1,3,* Motokawa Masaharu2, Ninh Thị Hoà1,5 và Lê Xuân Cảnh3,41 

Tóm tắt: Hai loài Chuột chù răng trắng miền Bắc Crocidura dracula và Chuột chù 
răng trắng miền Nam C. fuliginosa có hình thái ngoài và đặc điểm sọ rất giống 
nhau. Vì vậy, bậc phân loại và hiện trạng phân bố của hai loài này còn nhiều vấn 
đề gây tranh cãi. Các nghiên cứu định loại dựa trên các bằng chứng về sinh học 
phân tử trong thời gian gần đây đã thay đổi nhận định về khu vực có sự xuất hiện 
của hai loài này. Dựa trên những mẫu vật mới được thu thập, nghiên cứu bổ sung 
hiện trạng phân bố địa lý của hai loài này ở khu vực phía Nam Trung Quốc và 
Đông Nam Á bằng phương pháp hình thái và sinh học phân tử. Đồng thời, nghiên 
cứu của nghiên cứu cũng cho thấy sông Mê Kông là ranh giới cách ly địa lý của 
hai loài trên.   

Từ khoá: Chuột chù răng trắng, địa sinh học, rào cản, sông Mê Kông. 
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