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Abstract

VIETBIO [Innovative approaches to biodiversity discovery and characterisation in Vietnam]

is a bilateral German-Vietnamese research and capacity building project focusing on the

development  and  transfer  of  new  methods  and  technology  towards  an  integrated

biodiversity  discovery  and monitoring  system for  Vietnam.  Dedicated  field  training  and

testing of innovative methodologies were undertaken in Cuc Phuong National Park as part

and with support of the project, which led to the new biodiversity data and records made

available in this article collection.

VIETBIO is a collaboration between the Museum für Naturkunde Berlin – Leibniz Institute

for Evolution and Biodiversity Science (MfN), the Botanic Garden and Botanical Museum,

Freie Universität Berlin (BGBM) and the Vietnam National Museum of Nature (VNMN), the

Institute of Ecology and Biological Resources (IEBR), the Southern Institute of Ecology

(SIE), as well as the Institute of Tropical Biology (ITB); all Vietnamese institutions belong to

the Vietnam Academy of Science and Technology (VAST).

The article collection "VIETBIO" (https://doi.org/10.3897/bdj.coll.63) reports original results

of recent biodiversity recording and survey work undertaken in Cuc Phuong National Park,

northern Vietnam, under the framework of the VIETBIO project. The collection consist of

this “main” cover paper – characterising the study area, the general project approaches

and activities, while also giving an extensive overview on previous studies from this area –

followed  by  individual  papers  for  higher  taxa  as  studied  during  the  project.  The  main

purpose is to make primary biodiversity records openly available, including several new

and  interesting  findings  for  this  biodiversity-rich  conservation  area.  All  individual  data

papers with their respective primary records are expected to provide useful baselines for

further  taxonomic,  phylogenetic,  ecological  and  conservation-related  studies  on  the

respective taxa and,  thus,  will  be maintained as separate datasets,  including separate

GUIDs also for further updating.
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VIETBIO, Vietnam, biodiversity discovery, species inventory, Cuc Phuong National Park,

MyFieldBook app

Introduction

Vietnam is part of the Indo-Burma biodiversity hotspot, one of the 25 hotspots of this kind

in the world (Myers et al. 2000). The country harbours a rich biodiversity and high levels of

regional and local endemism, ranking 25  worldwide in plant, bird and mammal species

diversity  per  unit  area  (Groombridge  and  Jenkins  2002).  Vascular  plant  diversity  is

estimated with 12,000 species with high levels of endemism around 30% countrywide and

perhaps reaching 50% in northern Vietnam (Regalado et al. 2005). The endemism of fauna

in  Vietnam is  the  highest  in  Indochina  (Vietnam,  Laos,  Cambodia)  (MacKinnon  1997, 

th
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Sterling and Hurley 2005). Vietnam harbours some of Asia's most endangered animals,

such as the Crested Argus (Rheinardia ocellata), Edwards Pheasant (Lophura edwardsi),

Green  Peafowl  (Pavo muticus),  the  Doucs  (Pygathrix spp.),  Delacour  Langur

(Trachypithecus delacouri) and  Tonkin  Sub-nosed  Monkey  ( Rhinopithecus avunculus) 

(Rambaldi et al. 2001).

Threats to Vietnam's biodiversity are habitat fragmentation and, above all, the degradation

of forest vegetation due to logging, agricultural conversion, as well as wild fires. Massive

over-utilisation due to overgrazing, hunting or collecting rare medicinal plants and timbers

has a major impact on the decline of biodiversity as well (MacKinnon 1997, Rambaldi et al.

2001,  Ngo  et  al.  2020).  Protected  areas  such  as  nature  reserves,  national  parks  or

landscape conservation areas play an increasingly important part in the conservation and

protection  of  Vietnam's  rich  and  endemic  biodiversity.  Cuc  Phuong National  Park  was

founded as the first national park in northern Vietnam in 1962 (Sterling et al. 2006). In the

following decades, many more protected areas were established. As a result,  currently

there is a large number of national parks and other protected areas (126 forest protected

areas, 68 wetland protected areas, 15 marine protected areas) in the country (The Socialist

Republic of Vietnam 2003).

Protected areas are essential for biodiversity conservation. Globally, species richness and

abundance have often been shown to be higher in protected areas, particularly due to

differences in land use between protected and unprotected habitats (Gray et al.  2016).

Therefore,  the  establishment  and  extension  of  ecologically  representative  and  well-

connected protected areas is also a priority under the Convention on Biological Diversity

(Aichi Biodiversity Target 11; CBD 2010). However, in order to manage protected areas

and conserve and sustainably use biodiversity in general, we need to know biodiversity

beyond  a  few  keystone  species  and  must  be  able  to  monitor  it.  An  inventory  of  the

enormous diversity  of  smaller  organisms, especially  invertebrates,  algae and fungi  and

their interactions, is, therefore, a requirement and necessary as a benchmark to effectively

monitor the maintenance of biodiversity under specific conservation and land management

regimes and, thus, for the long-term conservation of biodiversity. However, vascular plants

as major  constituents  and primary producers in  terrestral  ecosystems also need to be

known at species level.

In addition to a comprehensive inventory of species, tools to easily identify these species

are of practical relevance for a sound and sustainable biodiversity management of any

protected area.This paper attempts to provide some primary data from recent fieldwork in

the  context  of  the  bilateral  German-Vietnamese  VIETBIO  project  towards  a  more

comprehensive species inventory of Cuc Phuong National Park in northern Vietnam. This

editorial provides a general introduction and project description, as well as an overview of

the  approach and methods applied  and will  be  supplemented by  individual  papers  on

particular taxa, including all new primary data generated.
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The VIETBIO project: Innovative Approaches to Biodiversity

Discovery and Characterisation in Vietnam

VIETBIO  is  a  German-Vietnamese  training  and  research  project,  focusing  on  the

development and transfer of an integrated biodiversity discovery and monitoring system for

Vietnam. The project aims to strengthen the capacities for research on the conservation

and innovative and sustainable use of biodiversity in Vietnam and beyond in Indochina

through the installation of a national capacity network.

The project is implemented through a collaboration between the Museum für Naturkunde

Berlin - Leibniz Institute for Evolution and Biodiversity Science (MfN), the Botanic Garden

and Botanical Museum, Freie Universität Berlin (BGBM) and four Vietnamese institutes

nationally leading in collection-based biodiversity research: The Vietnam National Museum

of Nature (VNMN) and the Institute of Ecology and Biological Resources (IEBR) in Hanoi,

as well as the Southern Institute of Ecology (SIE) and the Institute of Tropical Biology (ITB)

in Ho Chi Minh City. All four belong to the Vietnam Academy of Science and Technology

(VAST).

The  VIETBIO project  (2017-2021)  is  a  flagship  initiative  for  the  implementation  of  the

'Action and Research Plan on Biodiversity' that was issued by the German Federal Ministry

of Education and Research (BMBF). This governmental initiative aims at addressing global

Figure 1.  

Participants of the VIETBIO training workshop at Cuc Phuong National Park in Vietnam (May

2019).
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challenges in biodiversity conservation and the development of viable solutions through

research and innovation. The project entails two basic activities: firstly, joint field sessions

in Vietnam to collect new data and to obtain samples/specimens for training purposes and

for  testing  innovative  inventory  and  recording  methods  and  tools  in  the  field  (Fig.  1);

secondly, training of Vietnamese researchers and technicians in state-of-the-art methods

during working visits  of  three months to  Germany (MfN and BGBM Berlin),  which are

organised in four modules: specimen digitisation, DNA barcoding, data management and

bioacoustics.  State-of-the-art  equipment  purchased  for  the  training  is  being  used  to

document and analyse the Vietnamese samples/specimens collected in the field and will

subsequently be transferred to the Vietnamese partners for its continued application at

their institutions.

In this way, VIETBIO combines the application of modern technologies with the training of

biodiversity  scientists  in  the  species-rich  tropical  country  in  order  to  establish  and

strengthen independent biodiversity research in Vietnam within international networks.

The study area: Cuc Phuong National Park

The recordings and studies were undertaken during a field trip to Cuc Phuong National

Park from 29 April until 10 May 2019. The field campaign was undertaken by the following

participants:

Christoph L.  Häuser,  Thomas von Rintelen,  Sarah Ehlers,  Michael  Ohl,  Sofia  Hayden,

Bernhard Schurian, Katharina C. M. von Oheimb, Parm Viktor von Oheimb, Wolfram Mey

(MfN);  Mattes  Linde  (Universität  Greifswald);  Sarah  Bollendorff,  Eckhard  von  Raab-

Straube  (BGBM);  Anna  Sulikowska-Drozd  (University  of  Lodz);  Olga  Schmidt,  Stefan

Schmidt (SNSB-Zoologische Staatssammlung München); Lien Van Vu, Trang Quynh Le,

Tuan Anh Hoang (VNMN); Vu Dang Hoang Nguyen, Vuong Ba Truong (ITB); Hiep Duc

Nguyen, Han Ngoc Le, Huong Thi Thu Dang, Phu Van Pham, Tu Van Do, Thong Ding Vu

(IEBR); Quang Van To, Dat Quoc Nguyen (SIE); Thuy Dieu Dinh (Hanoi National University

of Education) and Tan Nhat Pham (Vietnam Forest Museum).

Location and topography

Cuc Phuong National Park is located about 120 km SW of the capital Hanoi along the

southern  edge of  the  Red River  (Song Hong)  Delta,  between 20°14′  to  20°24’  N and

105°29' to 105°44' E (Fig. 2). The Park covers an area of 22,200 ha, with a length of about

30 km and a width of about 6 to 10 km. Cuc Phuong National Park extends across three

Provinces (Ninh Binh: 11,350 ha, 2 communes, 51.1% of total area; Hoa Binh: 5,850 ha, 9

communes, 26.4% of total area; Thanh Hoa: 5,000 ha, 3 communes, 22.5% of total area)

and is divided into a Strict Protection Zone (16,800 ha), an Ecological Rehabilitation Zone

(3,600 ha), an Administration and Service Zone (1,800 ha) and a Buffer Zone (Cuc Phuong

National Park 2010). In addition, the Park is surrounded by a buffer zone that extends

beyond the Park boundaries (Rugendyke and Son 2005).
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The  topography  is  characterised  by  limestone  karst  and  the  Park  extends  along  the

foothills of a limestone mountain range running from northwest to southeast, including a

central, broad valley with an average elevation of 400-450 m above sea level (a.s.l.). The

highest point of the Park, May Bac peak at 648 m a.s.l., is located in its north-western

corner (Cuc Phuong National  Park 2012).  The underlying geological  formations for  the

region are mostly sedimentary rocks from the early Mesozoic (Middle Triassic) and the

geomorphology of the Cuc Phuong area is shaped by a special type of semi-covered karst,

with typical karst outcrops and formations where these reach the surface, such as karren

karst,  sink-holes  and  numerous  karstic  (also  underground)  caves.  Seven  different  soil

types have been recorded, which belong to two main types, depending on whether they

are derived from underlying limestone sediments or other, mostly metamorphic bedrock.

The hydrology is also typical for a karst-dominated landscape and besides the Buoi and

Ngang Rivers in the western part of the Park, there are many dry streams only appearing

in the rainy season, many caves and underground flows and little permanent surface water

(Cuc Phuong National Park 2010).

Figure 2.  

Location of Cuc Phuong National Park in Vietnam.
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Weather and climate

For the Cuc Phuong National  Park,  the annual average temperature is  22.5°C,  with a

maximum and minimum annual average of 32.2°C and 15.8°C, respectively. The lowest

monthly average temperature recorded was 5.3°C (January 1993) and the highest monthly

temperature  average  was  38.4°C (June  1997).  Air  humidity  is  generally high,  with  an

annual average humidity of 84.8%. Relative humidity is usually highest in the first months

of the year (January-April) and lowest in the last months of the year (October-December)

(Truong et al. 2018).

Average rainfall for Cuc Phuong National Park is about 1,680 mm/year, with a recorded

minimum of 1,126 mm/year (1998) and a maximum of 2,194 mm/year (1996). Most rainfall

occurs between May and October (89.1% of the annual average rainfall). In combination

with the regional temperature regime, this accounts for two distinct seasons over the year:

a hot rainy season from May to October with an average temperature of 26.4°C and a dry

and cooler season from November to April with an average temperature of 18.6°C. During

the hot rainy season a south-eastern monsoon prevails, with average wind speeds of 4-12

m/s. In the dry and cooler season, there is a north-eastern monsoon with wind speeds of

4-20 m/s, usually combined with dry cold air and some drizzle at the end of the season

(Truong et al. 2018). As well as other areas in the greater vicinity of the Gulf of Tonkin, Cuc

Phuong National Park is regularly affected by tropical depressions and storms, often with

heavy winds and rainfall causing tree falls and other damage to the forest and landscape.

Biodiversity

Cuc Phuong National  Park is one of  the areas with the highest documented biological

diversity  in  Vietnam and  has  attracted  many  researchers  and  naturalists  leading  to  a

comparatively  well-studied  flora  and  (mostly  vertebrate)  fauna.  Surveys  and  studies

undertaken have confirmed that, for several animal and plant groups, Cuc Phuong National

Park harbours more than half of the total number of higher taxa and, in some groups, more

than one third of the total species, recorded for Vietnam (e.g. Nguyen 1992, Larsen et al.

2005, Eguchi et al. 2011, Cuc Phuong National Park 2012, Truong et al. 2018). A total of

20,526 records (plants, animals, fungi) are currently available online via GBIF (GBIF.org

2021a) for Cuc Phuong National  Park and the surrounding area. Of these, 16,323 are

based  on  "human  observations"  and  3,796  on  "preserved  specimens".  The  high

biodiversity of Cuc Phuong National Park results not only from the area’s varied landscape

and great diversity in microhabitats, but also from its geographic location at the interface

between temperate subtropical  and tropical,  monsoon-dominated climates and different

biogeographic regions.

Here, we present only some brief and general information about flora, algae, funga and

fauna and further details about the individual taxa surveyed during the VIETBIO project are

included in the respective data papers to follow this introduction.
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Flora

The  main  vegetation  cover  of  Cuc  Phuong  National  Park  is  broad-leaved  tropical

evergreen lowland forest, with considerable areas of primary forest found mainly along the

limestone mountain ridges and in the valleys of the Park centre. Differences in soil layer

lead to different forest canopies, which are generally taller and denser in the valleys than

on slopes, ridges and peaks (Soejarto et al. 2004). Averyanov et al. (2013) determined two

main forest variants: forests on rocky limestone and forests of flat alluvial valleys. Based on

the types of topography and soils, Nguyen (1997) further divided the plant diversity into

four communities: plants on the summits of limestone mountains (including 65 common

species, such as Quercus sp., Jasminum lanceolarium and Dendrobium dentatum), plants

on  slopes  of  limestone mountains  (about  200  species  belonging  to  the  Pteridophytes,

Gymnospermae and  Angiospermae),  plants  in  valleys  (1,219  species  belonging  to  the

Bryophyta,  Pteridophyta  and  Angiospermae)  and  plants  on  non-limestone  soil  (440

species, especially from the families Lauraceae, Meliaceae, Fagaceae, Elaeocarpaceae

and Euphorbiaceae). He also noted a decreasing number of plant species from the valley

to the top of the mountains.

Being one of Vietnam’s seven international centres of plant diversity (Davis et al. 1995),

Cuc  Phuong  National  Park  contains  flora  which  is  amongst  the  best  known  and

documented in Vietnam. While botanical work started early and plant records from Cuc

Phuong  National  Park  have  been  mentioned  in  several  works  (e.g.  Lecomte  and

Gagnepain  1950,  Pham 1993,  Pham 1999,  Middleton  2014,  Hul  and  Dy  Phon  2014, 

Staples 2018), the Park’s first list of plants was published in 1971 by the Cuc Phuong Sub-

Institute of Forestry (1971). It was updated by Nguyen (1992), who listed 1,942 species,

including 126 bryophytes, recorded by Tran (1992). Phung et al. (1996) published a new

list of 1,944 plants including 127 bryophytes, one psilotophyte, nine lycopodiophytes, one

equisetophyte, 127 polypodiophytes, three gymnosperms and 1,676 angiosperms. Le et al.

(1997) reported another list of 1,983 species, including 126 bryophytes, one psilotophyte,

nine  lycopodiophytes,  one equisetophyte,  129 polypodiophytes,  five  gymnosperms and

1,712 angiosperms. The latter two publications were mainly based on Nguyen (1992) with

additional records. In addition, Nguyen (1997) catalogued 1,658 flowering plants for the

Park. Nguyen et al. (2001) and Nguyen et al. (2002) highlighted the Plant inventory work at

Cuc Phuong National Park undertaken during 1991-2000.

The most recent update of the seed plant flora was done by Soejarto et al. (2004). They

revised all the previous lists, re-identified collections deposited in the Herbarium of Cuc

Phuong  National  Park  since  the  1960s  and  added  their  own  new  collections  from

1998-2003 to the Park's Herbarium. They came up with a total number of 1,926 seed plant

species (gymnosperms and angiosperms),  with  a corresponding list  available  online at

http://fm2.fieldmuseum.org/plantatlas/about.asp (Soejarto  et  al.  2001).  According  to  the

authors, however, this number does not reflect the full diversity of plants in the Park, as

specimens  deposited  at  other  national  and  international  herbaria  have  not  been  re-

examined  and  further  new  species  for  the  Park  are  awaiting  discovery.  Indeed,  new

records from the Park are still being published, for example, Rehse and Kress (2003), van

Sam and Nooteboom (2007), Averyanov et al. (2016) and Tran et al. (2020). Based on the
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work  of  Soejarto  et  al.  (2004),  a  guidebook  of  294  common  plants  of  the  Park  was

published  (Nguyen  et  al.  2009).  Furthermore,  identification  manuals  for  selected  plant

groups have been prepared in  recent  years (Soejarto and Phan 2005,  Averyanov and

Averyanov 2006,  Le 2008,  Nguyen 2009,  Averyanov et  al.  2013).  Through the Global

Biodiversity Information Facility (GBIF), 3,228 plant records (22 human observations and

3,114 preserved specimens) are currently available for Cuc Phuong National Park and the

surrounding area. Most data correspond to Tracheophyta (3,020 specimens) and few to

Bryophyta  (180  specimens).  Within  Tracheophyta,  most  records  are  from dicotyledons

(class  Magnoliopsida  in  GBIF)  with  2,527  preserved  specimens  and  monocotyledons

(class Liliopsida in GBIF) with 414 preserved specimens (GBIF.org 2021a). These numbers

exclude the 219 plant specimens of the Herbarium Berolinense B, collected during the

current field campaign in 2019.

Amongst the reported plants are 118 species threatened according to the current IUCN

Red List (IUCN 2021) and Vietnam’s Red Data Book (Nguyen et al. 2007), 11 species are

endemic to the Park, 433 species have medicinal value, 229 species are edible and 240

species can provide dyes.

There  is  a  167  ha  botanic  garden  located  in  the  Park,  which  harbours,  for  ex  situ

conservation, 811 valuable plant species, including 210 trees native to the Park, 85 trees

from other parts of Vietnam, five exotics, 25 aroids native to the Park, 20 fruity plants, 15

bamboos, 17 cycads, 15 palms, 296 medicinal plants and 140 orchids.

Algae 

Most occurrences for algae in Vietnam have been documented for marine algae because

of  the country´s long coastline,  for  example,  for  Ochrophyta (GBIF.org 2021b).  Neither

checklists  of  freshwater  algae for  the  country  nor  comprehensive  datasets  for  specific

regions or algae groups are currently available. Records are very patchy and new species

were often published as individual "exotics" within European diatom floras (e.g. Hustedt

1966, Levkov et al. 2014) or within studies on specific groups from the South East Asian

Region (e.g. Reichardt 1997, Reichardt 2005). Until  2014, only three diatom taxa were

described  from Vietnam.  For  the  overall  region  of  South  East  Asia,  19  species  were

described  as  new,  17  of  them  being  diatoms  (Jahn  and  Kusber  2005,  continuously

updated).

In  the  last  decade,  however,  more  than  25  papers  on  freshwater  microalgae  were

published, with the description of many new taxa in the diatoms (bacillariophytes) (e.g.

Glushchenko et  al.  2019,  Glushchenko et  al.  2020,  Kezlya et  al.  2020a,  Kezlya et  al. 

2020b, Kulikovskiy  et  al.  2020a,  Kulikovskiy  et  al.  2020b,  Kulikovskiy  et  al.  2021)  and

chrysophytes (e.g. Gusev et al. 2021) from Vietnam (PhycoBank 2021). The focus of these

publications was the southern part of Vietnam and especially on Cat Tien National Park.

However,  so  far  no  research  has  been  done  on  freshwater  diatoms  of  Cuc  Phuong

National Park.
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Funga

The  Vietnamese  funga  (including  lichen-formers)  are  only  moderately  known,  with

relatively few and scattered studies. A first checklist of Vietnamese macrofungi (Kiet 1998)

listed  829  species,  while  Mel'Nik  et  al.  (2016) reported  57  species  of  anamorphic

(asexually reproducing) microfungi. Duong et al. (2011) listed 40 species of Xylaria for the

country.  The  most  recent  checklist  of  lichenised  fungi  (Aptroot  and  Sparrius  2006)

enumerated 275 taxa, a number that increased to nearly 500 in the online checklist by

Gueidan (2013). In addition, 57 species of myxomycetes have been reported (Tran et al.

2014). Including other reports and taxonomic works (e.g. Dörfelt et al. 2004, Nguyen et al.

2011,  Schumm and  Aptroot  2012,  Gueidan  et  al.  2014,  Joshi  et  al.  2018,  Pham and

Morozova 2020, Zhurbenko et al. 2020), well over 1,500 species of fungi and fungal-like

organisms are known from Vietnam, still a relatively low number considering that similar-

sized, largely temperate countries in the Northern Hemisphere, whose funga are relatively

well  studied,  report  23,000 (Italy),  18,000 (UK),  15,000 (Germany) and 14,000 (Japan)

species, respectively (Gaya et al. 2021).

There are few comprehensive listings for the funga of Cuc Phuong National Park. The

main work is an illustrated guide to 214 species of macrofungi (Tran and Truong 2005).

Thirty species of Psathyrellaceae were reported by Le and Doan (2018) and nine species

of Xylaria by Duong et al. (2011). A checklist of myxomycetes encompasses 25 species

(Tran et al. 2014). A GBIF dataset, compiled by Luong et al. (2020), included ten lichenised

species, collected by Tamás Pócs and housed at Herbarium Eger in Hungary (EGR), only

three  being  identified  to  species  level.  Some  novel  basidiomycete  mushrooms  were

reported by Le and Chu (2018) (Volvariella), Büttner et al. (2020a), Büttner et al. (2020b) 

(Candolleomyces, Psathyrella) and Lam and Hao (2013) provided records of Biscogniauxia

(Xylariaceae). As part of the present project, Lücking et al. (2020) provided a detailed study

on the feasibility of DNA barcoding of fungi, identifying the polypore Cubamyces menziesii

for the Park. Some scattered works dealt with microfungi in diverse groups (hyphomycetes:

Yen et al. 2020; yeasts: Luong et al. 2000, Luong et al. 2005). In a preliminary study on

fungi isolated from soil samples, Yen et al. (2008) reported 256 cultures corresponding to

51 genera of microfungi. Many studies on Vietnamese fungi have focused on biochemistry

and  biotechnology,  including  several  based  on  material  of  macrofungi  (Phanerochaete 

chrysosporium,  Trametes maxima,  Trametes versicolor,  Xylaria schweinitzii)  and

microfungi (Fusarium proliferatum,  Trichoderma reesei) from Cuc Phuong National Park

(Yen et al. 2010, Gao et al. 2012, Lam and Chien 2013, Linh et al. 2014, Giap and Hiep

2020). Overall, more than 300 species of fungi including some lichen-formers have been

reported from the Park.

Fauna

The  vertebrate  fauna  of  Cuc  Phuong  National  Park  is  comparatively  well  known  and

systematic  studies  have  been  carried  out  since  1963.  Until  recently,  more  than  660

vertebrate species from 35 orders and 120 families have been recorded for the Park, of

which 73 species are listed in the Vietnam Red List (Ministry of Science and Technology –

10 Duwe V et al



Vietnam  Academy  of  Science  and  Technology  2007).  In  particular,  136  species  of

mammals (accounting for nearly 50% of all mammals of Vietnam), 336 species of birds

(39% of the total bird species of Vietnam), 78 species of reptiles, 46 species of amphibians

and 66 species of fishes (10% of freshwater fishes of Vietnam) have been recorded for

Cuc Phuong National Park (Cuc Phuong National Park 2012). These include a number of

very rare taxa, some of them potential endemics, which were discovered in Cuc Phuong

National Park, such as the ferret badger Melogale cucphuongensis, recently also found in

southern China (Li et al. 2019), the cave dwelling gecko Cyrtodactylus cucphuongensis

and  the  silurid  catfish  Pterocryptis cucphuongensis.  Through  GBIF,  15,754  records  of

Chordata are currently available from Cuc Phuong National Park. With 15,614 records,

almost all of them human observations, the majority of these data are from birds, followed

by just 91 records from reptiles (GBIF.org 2021a, data download Cuc Phuong NP and the

surrounding area, 2021_04). While the species inventory for mammals and birds can be

considered as fairly complete (see Feiler et al.  2008), for other vertebrate groups, new

records and even species new to science have recently been reported in the Park (e.g.

Nguyen  et  al.  2018,  Poyarkov  et  al.  2018)  and  continuous  monitoring  data  for  many

vertebrate groups are much needed.

The knowledge on the invertebrate fauna of Cuc Phuong National Park is relatively limited

and only a few groups have been studied in more detail,  such as ants (Yamane et al. 

2003), butterflies (Ikeda et al. 1998, Ikeda et al. 1999, Ikeda et al. 2000, Ikeda et al. 2001a,

Ikeda et al. 2001b, Ikeda et al. 2002, Luong et al. 2004), cicadas (Do and Nguyen 2016),

dragonflies (Do et al. 2011), some larger beetles (Wiesner et al. 2017), millipedes (Nguyen

et al. 2019a, Nguyen et al. 2019b), some spiders (Ono et al. 2012), freshwater crustacea

(Do et al. 2016) and molluscs  (Vermeulen  and Whitten  1998,  Vermeulen  and Maassen 

2003). According to the 2010 species list  for  Cuc Phuong National  Park (Cuc Phuong

National Park 2010) and additional sources (Cuc Phuong National Park 2010, Nguyen et

al.  2012,  Nguyen  et  al.  2014,  Do  et  al.  2016,  Wiesner  et  al.  2017),  there  are  2,030

invertebrate  species  recorded for  the  Park,  of  which  more  than 1,770 are  insects,  29

crustaceans, 19 myriapods, 29 arachnids, 52 annelids, 129 molluscs and six species are

nematodes. Through GBIF, currently only 1,071 records are available for Arthropoda from

Cuc  Phuong  National  Park,  most  of  them  for  Insecta  (923  records  in  total,  with

Lepidoptera:  447,  Odonata:  181  and  Hymenoptera:  68  records;  GBIF.org  2021a,  data

download  Cuc  Phuong  National  Park  and  the  surrounding  area,  2021_04).  The  363

records available for  Mollusca are almost  entirely  from terrestrial  gastropods (GBIF.org

2021a, data download Cuc Phuong NP and surrounding area, 2021_04). The terrestrial

gastropod fauna of Vietnam is highly diverse and over 850 species have been described

from the country (Raheem et al. 2017). These molluscs particularly flourish in calcium-rich

limestone karst  habitats  (Clements et al. 2006), such as those in  Cuc Phuong National

Park,  while  different  karst  areas in  the  same overall  region have been found to  differ

considerably from each other in species composition (Vermeulen and Maassen 2003, von

Oheimb et al. 2018). Overall, invertebrate species numbers for Cuc Phuong National Park

are likely  substantially  underestimated,  even for  the better  studied groups.  In  addition,

several inventories list a number of taxa not identified to species or even genus level and

many species recorded have not  been reliably  identified.  Therefore,  many invertebrate
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checklists for the Park still have to be considered as preliminary and the lack of taxonomic

expertise and resources remains a major barrier towards quick progress.

Still, striking new insect and other invertebrate species are continuously being discovered

and  described  from  Cuc  Phuong  National  Park  (e.g.  Hennemann  and  Conle  1997, 

Schintlmeister 1997, Arita and Gorbunov 2000, Byun and Park 2007, Lin et al. 2009, Cook

et al. 2010, Long and van Achterberg 2015, Xin et al. 2015, Ivanova et al. 2016, Fabrizi et

al. 2019, von Oheimb et al. 2019) and also during the VIETBIO fieldwork, numerous new

records for invertebrates were made and will be published and added to the inventory. The

goal of a comprehensive inventory for many invertebrate animal groups of Cuc Phuong

National Park is still far from being completed and will require further substantive attention

and support.

Conservation

Founded nearly 60 years ago, Cuc Phuong National Park has become an international hub

for several dedicated long-term conservation projects. The Endangered Primate Rescue

Center  (EPRC)  was  founded  in  1993  through  a  collaboration  between  the  Frankfurt

Zoological  Society  and Cuc Phuong National  Park,  which was joined,  in  2013,  by  the

Leipzig Zoo. With the goal to conserve endangered primate species through rescue and

breeding programmes, more than 180 animals have been raised at the Center, some being

the first of their species to be born in captivity, including the critically-endangered Cat Ba

Langur (Trachypithecus poliocephalus),  Delacour Langur (Trachypithecus delacouri) and

the Grey-Shanked Douc Langur (Pygathrix cinerea). Successful releases of captivity-bred

animals started in  2007 and have taken place at  a  number of  protected areas across

Vietnam. Today, the Center cares for around 180 animals representing 15 species and is a

major attraction for visitors to the Park (https://www.eprc.asia).

As another permanent installation, the Turtle Conservation Center (TCC) was founded in

1998 by Fauna and Flora  International  (FFI)  as  part  of  a  larger  conservation initiative

focused  on  Cuc  Phuong  National  Park.  In  2001,  management  of  the  project  was

transferred to Cuc Phuong National Park and, today, the TCC is seen as a flagship for

efforts to protect tortoises and freshwater turtles in Vietnam and in the South East Asian

region (https://asianturtlenetwork.org/project%20profiles/vietnam/cuc_phuong.htm). This is

further  complemented  by  a  special  Carnivore  and  Pangolin  Conservation  Programme

(CPCP) established in 2005, which is operated jointly by Cuc Phung National Park and

Save  Vietnam's  Wildlife  (https://www.svw.vn).  Both  Centers  and  offices  of  these

programmes are located near the main entrance to the Park and help to attract increasing

numbers of visitors and tourists.

Approach and methods

During short visits by individual members between May 2018 and end of 2019 and a main

field trip with the whole team from 29 April  until  10 May 2019, samples were taken at

different sites in Cuc Phuong National Park (Fig. 3).
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The study focused on several taxonomic groups spanning the terrestrial and aquatic fauna,

as well as the terrestrial flora, funga (including lichens) and aquatic diatoms of Cuc Phuong

National Park. The main purpose was to record and to provide detailed primary occurrence

data of individual species for the Park, with the aim to record as many different species as

possible for the groups surveyed during the study.

Field recording and collecting methods

For data recording and sampling in the field, the following methods and protocols were

applied:

Terrestrial fauna

Malaise traps 

Malaise traps (Malaise 1937) are efficient tools for collecting flying insects. They are often

employed in biodiversity and monitoring surveys because they allow extensive and dense

sampling  as  part  of  long-term studies  (Hebert  et  al.  2016,  Karlsson et  al.  2020).  The

specimens collected and preserved in 80-95% ethanol are most suitable for obtaining DNA

sequence  data.  The  specimens  from  ethanol  samples,  for  example,  insects  such  as

Lepidoptera, can also be used for morphological analysis (Schmidt et al. 2019).

Figure 3.  

Recording sites in Cuc Phuong National Park during the 2019 field training course.
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During the course of the field study, five Malaise traps were operated for 2-5 days across a

range of different habitats between 160 m and 390 m a.s.l. in Cuc Phuong National Park

(Fig. 3). An additional trap was set up near the Park centre (Fig. 3) as part of the Global

Malaise  Programme  (GMP;  http://biodiversitygenomics.net/projects/gmp/),  which  was

operated for a whole year, starting in May 2019, with bottles changed twice a week.

Yellow pan traps 

Yellow pan traps (YPT) are yellow-coloured dishes or bowls that are partially filled with

water (or ethanol) with a small amount of preferably unscented detergent to reduce surface

tension. YPTs catch insects that are attracted to the yellow colour of the dish, in particular

flower-visiting insects, including many Diptera and Hymenoptera. YPTs allow to sample a

wide range of different microhabitats and they are economic, easy to set up and can be

placed in almost any location (Masner 2009). Each day during the field trip, about 50 YPTs

were  placed  along  a  transect,  about  5-10  m  apart  from  each  other.  The  traps  were

operated for 4-8 hours and insects transferred to 80% ethanol.

Hand collecting 

Flying  insects,  especially  butterflies  (Papilionoidea),  Hymenoptera  and  Odonata,  were

collected by hand with standard butterfly nets, usually with long handles. For insects with

low  abundances  or  such  that  occur  clumped  at  few  locations,  including  beetles  and

sawflies,  a  sweep  net  was  used  as  the  primary  collecting  device.  In  addition,  hand

collecting was employed when appropriate,  for  example,  for  collecting larval  stages of

sawflies or for selectively picking moths and other insects from light sheets and light towers

or  from other  surfaces.  Live  specimens  and  empty  shells  of  terrestrial  molluscs  were

detected by visual search, a standard method for species inventory in this group (Cameron

and Pokryszko 2005) and collected by hand, partly using forceps.

Collecting at lights (UV and mercury vapour lamps) 

At night, Lepidoptera and other nocturnal insects were collected by attracting them with

different types of light sources: (1) a mercury vapour light bulb (125 W) running from a

generator, (2) a light emitting diode (LED) lamp (entoLED, bioform entomology) running

from rechargeable 12 V batteries and (3)  a  UV light  set  including a black light  and a

fluorescent light tube (8 W each) (see also Schmidt et al. 2017). The light sources were

either placed inside a standard gauze tower construction approximately 2 m high or in front

of  a  200  x  300  cm white  linen  sheet  and,  if  required,  protected  from the  rain  by  an

umbrella. In addition, specimens attracted to light sources at the outside of buildings and

installations  in  the  Park  were  also  occasionally  recorded.  At  the  lights,  only  manual

recording and sampling was performed and no automated traps were employed.

Soil sieving 

To improve the chances of  finding small  terrestrial  molluscs,  samples of  leaf  litter  and

upper  soil  were  dried  and  finely  sieved.  They  were  then  carefully  searched  under  a

stereomicroscope, while live specimens and empty shells were collected using forceps.
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Mist nets and harp trap 

Bats  were  captured with  two differents  methods:  (1)  monofilament  mist-nets  (Ecotone,

Poland) and (2) a harp trap. Mist-nets consisted of a fine nylon mesh separated into 3-5

shelves. Net length (8 m, 12 m, 16 m or 20 m) was chosen according to the width of the

sampling passage.  The harp trap consisted of  four  dismountable  metal  frames (2.0  m

[height] x 1.5 m [width]) separated from each other by 15 cm. Each frame had vertical lines

of  thin  wires  of  monofilament  fishing  lines,  fastened  2.5  cm  apart.  A  collecting  bag

prevented bats from flying or crawling out. After capture, two wing punches were collected

per individual and preserved in 90% ethanol in 1.5 ml tubes.

Aquatic fauna

Fishes and decapod crustaceans were generally collected using hand nets (dip nets of

varying mesh size) and (fishes only) by electrofishing. Crabs were also collected by hand.

Fishes were fixated in formalin (10% solution) for two weeks and then transferred to 70%

ethanol for long-term preservation and collection storage. Prior to fixation in formalin, tissue

clips  (muscle  or  fin)  were  taken  for  DNA  analyses  and  preserved  in  99.6%  ethanol.

Crustaceans were fixed in 96% ethanol and later transferred to 70% ethanol.

Terrestrial flora and funga (including lichens)

Vascular plants, including underground parts, were collected (for seed plants in flowering

or fruiting stage). Epiphytic plants and flowering or fruiting twigs or branches of trees were

cut using telescope scissors, which enabled sampling up to 6 m above ground level. Fresh

plant material was pressed between newspaper and cardboard and dried on a gas heater

for 24-48 h. The drying process was regularly monitored until dessication was completed.

Leaf tissue from each herbarium specimen was separately dried in tea-filter bags with silica

gel. Epiphytic, epilithic and terrestrial bryophytes, fungi and lichens were removed from

their substrate and air-dried in paper bags.

Aquatic microalgae (diatoms)

For  sampling  of  aquatic  diatoms  from  running  waters,  the  organic  layers  covering

submerged stones were removed with a fresh toothbrush and transferred with some water

to  microtubes.  Half  of  the  sample  was  conserved  in  97% ethanol  (final  concentration

approximately 70%) for eDNA metabarcoding (Zimmermann et al. 2015), as well as for

classical identification by light (LM) and scanning electron microscopy (SEM) (Mora et al.

2019). The other half was kept alive for establishing cultures (Skibbe et al. 2018).

Data recording

MyFieldBook app 

For a fast and comprehensive digital data capture in the field, smartphones are appropriate

multi-functional devices and readily available. In order to provide a tool fulfilling generic
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requirements for biodiversity data recording, a prototypic mobile app was developed for the

rapid data capture of all sorts of samples and observations in the field.

This app (MyFieldBook; https://myfieldbook.online/) is primarily designed to allow for easy

initial (meta-)data capture and to help register all records and samples from their origin in

the field via unique identifiers. The assignment of unique IDs is implemented via scanning

QR codes directly in the field, which are associated with each and every type of record. In

addition,  the  app  allows  for  fast-track  capturing  of  standard  meta-data  (date,  time,

coordinates) for each record, which can be enriched with more information (e.g. scientific

name, sequence data etc.) later on or in the lab. This allows for a complete digital workflow

from the  field  to  the  lab/collection  by  using  QR-codes  as  unique  persistent  identifiers

(Figs 4, 5). Participants of the field trip tested the app with different devices under field

conditions, provided feedback and reported errors and additional requirements (Fig. 6) and

by this, facilitated the development of the app into a generic tool as a digital alternative for

any traditional field book.

Its main functionality comprises:

• Data entry for most common biodiversity occurrence information: What was when

and where found or observed?

Figure 4.  

Digital data entry of samples and observations with MyFieldBook app.
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• Image capture for samples, habitats and additional documentation

• Retrieval of coordinates via GPS

• QR code and barcode scanning for sample management in the field

• Multiple samples per biodiversity occurrence record

• Customisable data model, so users can add additional fields they need

• Multiple databases per device, so different projects with different data models can

be accommodated

• Offline data capture (no network connection needed in the field)

• SQLite and JSON data export

• Data upload to server-sided databases (for compiling data from different devices

and different users in one database)

• soon freely available for Android and iOS

Due to  differently  established workflows for  the botany team,  the app was tested and

applied in the project only for zoological records in Cuc Phuong National Park. Specifically,

it was used for primary field data recording including image capture with QR code scanning

for subsequent data management and data upload for further processing.

Figure 5.  

The app MyFieldBook allows a complete digital workflow from the field to the lab by using QR-

codes as unique identifiers.
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Identification

Specimens  were  identified  according to  standard  reference  works  and  validation  was

performed  by  specialists  of  the  respective  taxa.  Where  data  availability  allowed,

morphological  identification  was  additionally  confirmed  via  DNA  barcoding  (e.g.  for

decapods, Hymenoptera and fungi). Geographic coordinates were primarily recorded using

GPS via the app on smartphones and later mapped and checked using Google Maps or

Open Street Map.

Results

The aim was  to  identify  all  specimens  at  least  to  family  level  and,  depending  on  the

availability of identification keys and expertise, to genus or species level. The records and

samples of Animalia (Chordata, Arthropoda, Mollusca) included at least 18 orders and 81

families. The samples of vascular plants included 79 families and at least 175 genera and

229 species,  those of  bryophytes representing 12 families,  18 genera and at  least  22

species. Based on 210 established diatom cultures, 110 species in 40 genera from 16

families and eight orders were recorded; for the seven mixed samples of the sampling

campaign of 2019, we expect at least a doubling of the species numbers. In addition to the

high number of species, the diatom flora of Vietnam seems to be quite different from the

well-known European diatom flora (Hofmann et al. 2013): for 10 strains, we were uncertain

about the correct genus name because neither available molecular nor morphological data

were congruent and only 21 of the strains were identified to the species level by using fine

grained integrative taxonomic concepts. A just-published Russian book on the diatom flora

Figure 6.  

Scanning of QR codes by using the MyFieldBook app.
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of  Southeast  Asia  (Glushchenko et  al.  2021)  needs to  be consulted and their  species

concepts compared. The fungal collections encompassed 42 macrofungi and 54 lichens.

The ten macrofungi, subjected to DNA barcoding, resulted in nine species representing

eight genera, three families, three orders, two classes and two phyla, with a predominance

of the order Polyporales. The lichen fungi were more phylogenetically diverse, representing

40  species,  23  genera,  13  families,  ten  orders,  four  classes  and  one  phylum,  mostly

representing the class Lecanoromycetes.

This editorial paper is followed by individual data papers, which will include more detailed

information on the findings of  Lepidoptera and Trichoptera;  Diptera (incl.  bat  flies)  and

Hymenoptera; Coleoptera, Odonata and Neuroptera (Mantispidae); Crustacea (Decapoda)

and fishes; Mollusca; Amphibia and reptiles; Chiroptera; vascular plants and bryophytes;

diatoms; macrofungi and lichens.

Acknowledgements 

The authors are deeply grateful to the Directorial Board, the Scientific Department and the

guides (Nguyen Huy Quang, Luong Khac Hien, Mai Van Xinh) of Cuc Phuong National

Park.  We  would  also  like  to  thank  the  Vietnam Academy of  Science  and  Technology

(VAST),  the  Ministry  of  Science  and  Technology  (MOST)  and  the  Ministry  of  Natural

Resources  and  Environment  (MONRE)  of  Vietnam.  The  German  Federal  Ministry  of

Education and Research (BMBF) financed this research under grant number 01DP17052

in  the  context  of  the  project  “Innovative  Approaches  to  Biodiversity  Discovery  and

Characterisation in Vietnam” (VIETBIO), which is gratefully acknowledged.

References

• Aptroot A, Sparrius L (2006) Additions to the lichen flora of Vietnam, with an annotated

checklist and bibliography. The Bryologist 109 (3): 358‑371. https://doi.org/10.1639/

0007-2745(2006)109[358:ATTLFO]2.0.CO;2

• Arita Y, Gorbunov OG (2000) On the tribe Melittiini (Lepidoptera, Sesiidae) of Vietnam.

Tinea 16 (4): 252‑291. 

• Averyanov L, Тanaka N, Nguyen KS, Truong BV, Nghiem DT, Nguyen TH (2016) New

species of Ophiopogon, Peliosanthes and Tupistra (Asparagaceae sl) in the flora of

Vietnam. Nordic Journal of Botany 34 (1): 23‑37. https://doi.org/10.1111/njb.00854

• Averyanov LV, Averyanov AL, et al. (2006) Orchidaceae. In: Soejarto DD, Phan KL, Do

VL, Averyanov L, Nguyen TH, Kessler PJ, Nguyen NT, Wen J, van de Werff H, et al.

(Eds) Manual of Identification. Flowering plants of Cuc Phuong National Park. No 2.

Agricultural Publishing House, Hanoi, Vietnam, 264 pp. [In English and Vietnamese].

• Averyanov LV, Nguyen TH, Phan KL (2013) The orchids of Cuc Phuong National Park:

Illustrated Guide. Moorland eBooks [ISBN 9781626751514]

• Büttner E, Karich A, Nghi DH, Lange M, Liers C, Kellner H, Hofrichter M, Ullrich R

(2020a) A new tropical species of Psathyrella (Psathyrellaceae, Agaricales) from the

Contributions to the biodiversity of Vietnam – Results of VIETBIO inventory w ... 19

https://doi.org/10.1639/0007-2745(2006)109%5B358:ATTLFO%5D2.0.CO;2
https://doi.org/10.1639/0007-2745(2006)109%5B358:ATTLFO%5D2.0.CO;2
https://doi.org/10.1111/njb.00854


Cúc Phương National Park, Vietnam. Research Square Preprint: 1‑17. https://doi.org/

10.21203/rs.3.rs-57408/v1

• Büttner E, Karich A, Nghi DH, Lange M, Liers C, Kellner H, Hofrichter M, Ullrich R

(2020b) Candolleomyces eurysporus, a new Psathyrellaceae (Agaricales) species from

the tropical Cúc Phương National Park, Vietnam. Österreichische Zeitschrift für

Pilzkunde 28: 79‑92. 

• Byun BK, Park KT (2007) Discovery of two new species of Alucitidae (Lepidoptera) from

Vietnam. Zootaxa 1390: 51‑57. https://doi.org/10.11646/zootaxa.1390.6

• Cameron RAD, Pokryszko BM (2005) Estimating the species richness and composition

of land mollusc communities: Problems, consequences and practical advice. Journal of

Conchology 38 (5): 529‑548. 

• CBD (2010) Decision X/2. Strategic plan for biodiversity 2011–2020 and the Aichi

Targets. Report of the Tenth Meeting of the Conference of the Parties to the Convention

on Biological Diversity. 18 to 29 October 2010, Nagoya, Japan. 

URL: https://www.cbd.int/decision/cop/?id=12268

• Clements R, Sodhi NS, Schilthuizen M, Ng PKL (2006) Limestone karsts of Southeast

Asia: imperiled arks of biodiversity. Bioscience 56 (9): 733‑742. https://doi.org/10.1641/

0006-3568(2006)56[733:LKOSAI]2.0.CO;2

• Cook S, Lien NG, McAlister E, Harbach RE (2010) Bothaella manhi, a new species of

tribe Aedini (Diptera: Culicidae) from the Cuc Phuong National Park of Vietnam based

on morphology and DNA sequence. Zootaxa 2661: 33‑46. https://doi.org/10.11646/

zootaxa.2661.1.2

• Cuc Phuong National Park (2010) Executive management plan of Cuc Phuong National

Park period 2011-2015 and orientation to 2020. Unpublished Report, Cuc Phuong

National Park, Ninh Binh, Vietnam, 7-14, Appendix 2 pp. [In Vietnamese].

• Cuc Phuong National Park (2012) 50 years of Cuc Phuong Nation Park (1962-2012).

Tan Viet Printing Limited Company, Hanoi, 38-74 pp. [In Vietnamese].

• Cuc Phuong Sub-Institute of Forestry (1971) List of Cuc Phuong plants. Research

Division, Cuc Phuong National Park, Ninh Binh, Vietnam.

• Davis SD, Heywood VH, Hamilton AC (Eds) (1995) Centres of plant diversity: a guide

and strategy for their conservation: Volume 2: Asia, Australasia and the Pacific. 2. IUCN

Publications Unit, Cambridge, U.K.

• Do MC, Bui MH, Nguyen TH, Phan QT (2011) Anisoptera of Cuc Phuong National Park,

North Vietnam. International Dragonfly Fund 33: 1‑18. 

• Dörfelt H, Kiet TT, Berg A (2004) Neue Makromyceten-Kollektionen von Vietnam und

deren systematische und ökogeographische Bedeutung. Feddes Repertorium 115 (1-2):

164‑177. https://doi.org/10.1002/fedr.200311034

• Do VL, Nguyen TN (2016) Investigation into the biodiversity of the cicadas, hoppers

(Homoptera: Auchenorrphyncha) and the management strategy proposed for Cuc

Phuong National Park, Ninh Binh province. Journal of Forestry Science and Technology

6: 144‑151. [In Vietnamese].

• Do VT, Shih H, Chao H (2016) A new species of freshwater crab of the genus 

Tiwaripotamon Bott, 1970 (Crustacea, Brachyura, Potamidae) from northern Vietnam

and southern China. Raffles Bulletin of Zoology 64: 213‑219. 

• Duong LM, Do QD, Tran TH (2011) Species diversity of Xylaria genus in Cuc Phuong

National Park, Ninh Binh Province: Proceedings of the fourth national conference on

20 Duwe V et al

https://doi.org/10.21203/rs.3.rs-57408/v1
https://doi.org/10.21203/rs.3.rs-57408/v1
https://doi.org/10.11646/zootaxa.1390.6
https://www.cbd.int/decision/cop/?id=12268
https://doi.org/10.1641/0006-3568(2006)56%5B733:LKOSAI%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2006)56%5B733:LKOSAI%5D2.0.CO;2
https://doi.org/10.11646/zootaxa.2661.1.2
https://doi.org/10.11646/zootaxa.2661.1.2
https://doi.org/10.1002/fedr.200311034


ecology and biological resources (21th October 2011). Institute of Ecology and

Biological Resources, Hanoi, 166-170 pp. [ISBN ISSN: 1859-4425]

• Eguchi K, Bui TV, Yamane S (2011) Generic synopsis of the Formicidae of Vietnam

(Insecta: Hymenoptera), part I – Myrmicinae and Pseudomyrmecinae. Zootaxa 2878

(1): 1‑61. https://doi.org/10.11646/zootaxa.2878.1

• Fabrizi S, Dalstein V, Ahrens D (2019) A monograph on the genus Tetraserica from the

Indochinese region (Coleoptera, Scarabaeidae, Sericini). ZooKeys 837: 1‑155. 

https://doi.org/10.3897/zookeys.837.32057

• Feiler A, Nadler T, Stefen C (2008) Bemerkungen zu Kleinsäugern der vietnamesischen

Nationalparke Cuc Phuong und Phong Nha-Ke Bang und des Naturschutzgebietes Ke

Go. Vertebrate Zoology 58 (1): 113‑125. 

• Gao Z, van Hop D, Le Yen TH, Ando K, Hiyamuta S, Kondo R (2012) The production of

β-glucosidases by Fusarium proliferatum NBRC109045 isolated from Vietnamese

forest. AMB Express 2 (1). https://doi.org/10.1186/2191-0855-2-49

• Gaya E, Vasco-Palacios AM, Vargas-Estupiñan N, Lücking R, Carretero J, Sanjuan T,

Moncada B, Allkin B, Bolaños-Rojas AC, Castellanos-Castro C, Coca LF, Corrales A,

Cossu T, Davis L, dSouza J, Dufat A, Franco-Molano AE, Garcia F, Gómez-Montoya N,

González-Cuellar FE, Hammond D, Herrera A, Jaramillo-Ciro MM, Lasso-Benavides C

Mira MP, Morley J, Motato-Vásquez V, Niño-Fernandez Y, Ortiz-Moreno ML, Peña-

Cañón ER, Ramirez-Castrillón M, Rojas T, Ruff J, Simijaca D, Sipman HJM, Soto-

Medina E, Torres G, Torres-Andrade PA, Ulian T, White K, Diazgranados M (2021)

ColFungi: Colombian resources for fungi made accessible. Royal Botanic Gardens,

Kew. https://doi.org/10.34885/8yvp-z538

• GBIF.org (2021a) GBIF Occurrence Download. https://www.gbif.org/occurrence/

download/0264958-200613084148143. Accessed on: 2021-4-30.

• GBIF.org (2021b) GBIF Occurrence Download. https://doi.org/10.15468/dl.dw7fsj.

Accessed on: 2021-6-02.

• Giap VD, Hiep TTM (2020) Cellobiose-dehydrogenase production by some fungal

species isolated in rain forests of Northern Vietnam. Vietnam Journal of Biotechnology

18 (1): 135‑145. https://doi.org/10.15625/1811-4989/18/1/15272

• Glushchenko A, Kociolek JP, Kuznetsova I, Kezlya E, Kulikovskiy M (2019) 

Neidiomorpha gusevii—a new diatom species (Bacillariophyceae: Neidiaceae) from

Southeast Asia. Phytotaxa 415 (5): 279‑285. https://doi.org/10.11646/phytotaxa.415.5.4

• Glushchenko A, Kociolek JP, Kuznetsova I, Kulikovskiy M (2020) Four new species from

the diatom (Bacillariophyceae) genus Adlafia Moser, Lange-Bertalot & Metzeltin from

waterbodies of Vietnam. PhytoKeys 162: 13‑27. https://doi.org/10.3897/phytokeys.

162.57657

• Glushchenko A, Kuznetsova I, Kulikovskiy M (2021) The Diatoms of Southeast Asia.

1396 figs. (1358 LM & 38 SEM). 96 tabs.(4 in the text & 92 in the appendix). 2 maps.

Koelts Botanical Books, Königstein, 317 pp. [In Russian with Latin nomenclature].

• Gray C, Hill SL, Newbold T, Hudson L, Börger L, Contu S, Hoskins A, Ferrier S, Purvis

A, Scharlemann JW (2016) Local biodiversity is higher inside than outside terrestrial

protected areas worldwide. Nature Communications 7 (1). https://doi.org/10.1038/

ncomms12306

• Groombridge B, Jenkins MD (2002) World atlas of biodiversity: Earth's living resources

in the 21st century. University of California Press, Berkeley, California, USA, 1-352 pp.

[ISBN 0-520-23668-8]

Contributions to the biodiversity of Vietnam – Results of VIETBIO inventory w ... 21

https://doi.org/10.11646/zootaxa.2878.1
https://doi.org/10.3897/zookeys.837.32057
https://doi.org/10.1186/2191-0855-2-49
https://doi.org/10.34885/8yvp-z538
https://www.gbif.org/occurrence/download/0264958-200613084148143
https://www.gbif.org/occurrence/download/0264958-200613084148143
https://doi.org/10.15468/dl.dw7fsj
https://doi.org/10.15625/1811-4989/18/1/15272
https://doi.org/10.11646/phytotaxa.415.5.4
https://doi.org/10.3897/phytokeys.162.57657
https://doi.org/10.3897/phytokeys.162.57657
https://doi.org/10.1038/ncomms12306
https://doi.org/10.1038/ncomms12306


• Gueidan C (2013) http://lichenvietnam.myspecies.info. Accessed on: 2021-5-21.

• Gueidan C, van Do T, Lu NT (2014) Phylogeny and taxonomy of Staurothele

(Verrucariaceae, lichenized ascomycetes) from the karst of northern Vietnam. The

Lichenologist 46 (4): 515‑533. https://doi.org/10.1017/S0024282914000048

• Gusev E, Kezlya E, Tran H, Kulikovskiy M (2021) Mallomonas vietnamica Gusev,

Kezlya & Tran, sp. nov. (Synurales, Chrysophyceae), a new species, that shares some

features with fossil taxa. Cryptogamie, Algologie 42 (3): 39‑46. https://doi.org/10.5252/

cryptogamie-algologie2021v42a3

• Hebert PN, Ratnasingham S, Zakharov E, Telfer A, Levesque-Beaudin V, Milton M,

Pedersen S, Jannetta P, DeWaard J (2016) Counting animal species with DNA

barcodes: Canadian insects. Philosophical Transactions of the Royal Society B:

Biological Sciences 371 (1702). https://doi.org/10.1098/rstb.2015.0333

• Hennemann F, Conle OV (1997) Eine bemerkenswerte, neue Riesenstabschrecke aus

Vietnam - Phobaeticus heusii sp. nov. Entomologische Zeitschrift 107 (12): 504‑509. 

• Hofmann G, Lange-Bertalot H, Werum M (2013) Diatomeen im Süßwasser-Benthos von

Mitteleuropa. 2 Corrected Edition. Koeltz Scientific Books, Königstein, 908 pp.

• Hul S, Dy Phon P (2014) Solanaceae. Flora of Cambodia, Laos and Vietnam. 35. Royal

Botanic Gardens Edinburgh, 101 pp. [In French]. [ISBN 9782856537503]

• Hustedt F (1966) Die Kieselalgen Deutschlands, Österreichs und der Schweiz unter

Berücksichtigung der übrigen Länder Europas sowie der angrenzenden Meeresgebiete.

Band VII, 3. Rabenhorst Kryptogamenflora, Leipzig, 816 pp.

• Ikeda K, Nishimura M, Inagaki H (1998) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (I). Butterflies12‑26. 

• Ikeda K, Nishimura M, Inagaki H (1999) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (II). Butterflies50‑63. 

• Ikeda K, Nishimura M, Inagaki H (2000) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (III). Butterflies24‑37. 

• Ikeda K, Nishimura M, Inagaki H (2001a) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (V). Butterflies58‑66. 

• Ikeda K, Nishimura M, Inagaki H (2001b) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (IV). Butterflies47‑57. 

• Ikeda K, Nishimura M, Inagaki H (2002) Butterflies of Cuc Phuong National Park in

Northern Viet Nam (VI). Butterflies34‑38. 

• IUCN (2021) The IUCN Red List of threatened species. Version 2020‐3. IUCN Gland,

CH, and Cambridge, UK https://doi.org/10.2305/IUCN.UK.2021-3.RLTS.

T173686A1395093.en

• Ivanova E, van Luc P, Spiridonov S (2016) Neoalloionema tricaudatum gen. n., sp. n.

(Nematoda: Alloionematidae) associated with a cyclophorid snail in Cuc Phuong Natural

Park, Vietnam. Nematology 18 (1): 109‑120. https://doi.org/10.1163/15685411-

00002946

• Jahn R, Kusber W-H (2005) AlgaTerra information system. http://www.algaterra.org.

Accessed on: 2021-5-15.

• Joshi S, Gun Lee B, Upreti DK, Hur J (2018) New records of Arthoniaceae from

Vietnam. Mycotaxon 133 (1): 103‑112. https://doi.org/10.5248/133.103

• Karlsson D, Hartop E, Forshage M, Jaschhof M, Ronquist F (2020) The Swedish

Malaise trap project: A 15 year retrospective on a countrywide insect inventory.

Biodiversity Data Journal 8: e47255. https://doi.org/10.3897/bdj.8.e47255

22 Duwe V et al

http://lichenvietnam.myspecies.info
https://doi.org/10.1017/S0024282914000048
https://doi.org/10.5252/cryptogamie-algologie2021v42a3
https://doi.org/10.5252/cryptogamie-algologie2021v42a3
https://doi.org/10.1098/rstb.2015.0333
https://doi.org/10.2305/IUCN.UK.2021-3.RLTS.T173686A1395093.en
https://doi.org/10.2305/IUCN.UK.2021-3.RLTS.T173686A1395093.en
https://doi.org/10.1163/15685411-00002946
https://doi.org/10.1163/15685411-00002946
http://www.algaterra.org
https://doi.org/10.5248/133.103
https://doi.org/10.3897/bdj.8.e47255


• Kezlya E, Glushchenko A, Kociolek JP, Maltsev Y, Martynenko N, Genkal S, Kulikovskiy

M (2020a) Mayamaea vietnamica sp. nov.: a new, terrestrial diatom (Bacillariophyceae)

species from Vietnam. Algae 35 (4): 325‑335. https://doi.org/10.4490/algae.

2020.35.11.23

• Kezlya E, Glushchenko A, Maltsev Y, Gusev E, Genkal S, Kuznetsov A, Kociolek JP,

Kulikovskiy M (2020b) Placoneis cattiensis sp. nov. — a new, diatom

(Bacillariophyceae: Cymbellales) soil species from Cát Tiên National Park (Vietnam).

Phytotaxa 460 (4): 237‑248. https://doi.org/10.11646/phytotaxa.460.4.1

• Kiet TT (1998) Preliminary checklist of macrofungi of Vietnam. Feddes Repertorium 109

(3-4): 257‑277. https://doi.org/10.1002/fedr.19981090309

• Kulikovskiy M, Chudaev D, Gluschenko A, Kuznetsovak I, Kociolek JP (2020a) New

diatom species Navicula davidovichii from Vietnam (Southeast Asia). Phytotaxa 452 (1):

83‑91. https://doi.org/10.11646/phytotaxa.452.1.8

• Kulikovskiy M, Chudaev D, Glushchenko A, Kuznetsova I, Krivova Z, Kociolek JP

(2020b) Navicula gogorevii - a new, large-celled diatom species from Vietnam

(Southeast Asia). Phytotaxa 428 (1): 60‑66. https://doi.org/10.11646/phytotaxa.428.1.6

• Kulikovskiy M, Chudaev D, Glushchenko A, Kuznetsova I, Frolova L, Kociolek JP (2021)

Two new species of the diatom genus Navicula Bory (Bacillariophyceae) from Vietnam

(Southeast Asia). Diatom Research 36 (1): 61‑73. https://doi.org/10.1080/0269249X.

2020.1853608

• Lam DM, Chien TT (2013) Characteristics of laccase producing Trametes maxima

CPB30 and its application in decolorization of dye polluted water. Academia Journal of

Biology 35 (4): 477‑483. https://doi.org/10.15625/0866-7160/v35n4.3778

• Lam DM, Hao VT (2013) New record of the genus Biscogniauxia (Xylariaceae) from

Vietnam. Academia Journal of Biology 35 (2): 193‑197. https://doi.org/10.15625/

0866-7160/v35n2.3104

• Larsen T, Luong VH, Do VL (2005) Butterfly diversity in Cuc Phuong National Park,

VietNam. Biodiversity 6 (2): 3‑14. https://doi.org/10.1080/14888386.2005.9712761

• Lecomte MH, Gagnepain F (Eds) (1950) Flore Générale de l’Indo-Chine. Muséum

National d'Histoire Naturelle, Paris. [In French]. https://doi.org/10.5962/bhl.title.44886

• Le HT, Chu NT (2018) New records of genus Volvariella (Pluteaceae) from Cuc Phuong

National Park. Vietnam Journal of Science, Technology and Engineering 60 (3): 81‑88. 

https://doi.org/10.31276/VJSTE.60(3).81

• Le HT, Doan QNT (2018) Biodiversity investigate of ink family Coprinaceae in Cuc

Phuong National Park Ninh Binh province. Vietnam Journal of Agricultural and Rural

Development 336: 137‑141. 

• Le KB, et al. (2008) Compositae. In: Soejarto DD, Phan KL, Do VL, Averyanov L,

Nguyen TH, Kessler PJ, Nguyen NT, Wen J, van de Werff H, et al. (Eds) Manual of

Identification. Flowering plants of Cuc Phuong National Park. No 3. Culture and

Information Publishing House, Hanoi, Vietnam, 112 pp. [In English and Vietnamese].

• Levkov Z, Metzeltin D, Pavlov A (2014) Luticola and Luticolopsis. Koeltz Scientific

Books, Königsstein, Germany.

• Le VT, Tran QC, Nguyen MC, Le PT, Luong KH, Do XL (1997) Danh lục thực vật Cúc

Phương [List of plants in Cuc Phuong]. Agricultural Publishing House, Hanoi, Vietnam,

180 pp. [In Vietnames].

Contributions to the biodiversity of Vietnam – Results of VIETBIO inventory w ... 23

https://doi.org/10.4490/algae.2020.35.11.23
https://doi.org/10.4490/algae.2020.35.11.23
https://doi.org/10.11646/phytotaxa.460.4.1
https://doi.org/10.1002/fedr.19981090309
https://doi.org/10.11646/phytotaxa.452.1.8
https://doi.org/10.11646/phytotaxa.428.1.6
https://doi.org/10.1080/0269249X.2020.1853608
https://doi.org/10.1080/0269249X.2020.1853608
https://doi.org/10.15625/0866-7160/v35n4.3778
https://doi.org/10.15625/0866-7160/v35n2.3104
https://doi.org/10.15625/0866-7160/v35n2.3104
https://doi.org/10.1080/14888386.2005.9712761
https://doi.org/10.5962/bhl.title.44886
https://doi.org/10.31276/VJSTE.60(3).81


• Linh DTP, Hien BTT, Que DD, Lam DM, Arnold N, Schmidt J, Porzel A, Quang DN

(2014) Cytotoxic Constituents from the Vietnamese Fungus Xylaria schweinitzii. Natural

Product Communications 9 (5): 659‑660. https://doi.org/10.1177/1934578X1400900518

• Lin Y, Pham DS, Li S (2009) Six new spiders from caves of northern Vietnam (Araneae:

Tetrablemmidae: Ochyroceratidae: Telemidae: Symphytognathidae). The Raffles

Bulletin of Zoology 57: 323‑342. 

• Li S, Yu G, Liu S, Jin C (2019) First record of the ferret-badger Melogale

cucphuongensis Nadler et al., 2011 (Carnivora: Mustelidae), with description of a new

subspecies, in southeastern China. Zoological Research 40 (6): 575‑579. 

https://doi.org/10.24272/j.issn.2095-8137.2019.067

• Long KD, van Achterberg C (2015) Review of the genus Canalirogas van Achterberg &

Chen (Hymenoptera, Braconidae, Rogadinae) from Vietnam, with description of ten new

species. ZooKeys 506: 27‑59. https://doi.org/10.3897/zookeys.506.9247

• Lücking R, Truong BV, Huong DTT, Le NH, Nguyen QD, van Nguyen D, von Raab-

Straube E, Bollendorff S, Govers K, Di Vincenzo V (2020) Caveats of fungal barcoding:

a case study in Trametes s.lat. (Basidiomycota: Polyporales) in Vietnam reveals multiple

issues with mislabelled reference sequences and calls for third-party annotations.

Willdenowia 50 (3): 383‑403. https://doi.org/10.3372/wi.50.50302

• Luong DT, Takashima M, Van P, Dung NL, Nakase T (2000) Four new species of 

Kockovaella isolated from plant leaves collected in Vietnam. The Journal of General

and Applied Microbiology 46 (6): 297‑310. https://doi.org/10.2323/jgam.46.297

• Luong DT, Takashima M, van Ty P, Dung NL, Nakase T (2005) Bullera hoabinhensis sp.

nov., a new ballistoconidiogenous yeast isolated from a plant leaf collected in Vietnam.

The Journal of General and Applied Microbiology 51 (6): 335‑342. https://doi.org/

10.2323/jgam.51.335

• Luong TT, Vo PG, Nguyen, Khanh Trinh Tram, Nguyen TL, Pocs T (2020) Vietnamese

Lichenized Fungi Collection in Eger Herbarium (EGR). 1.7. Occurrence dataset.

University of Science, Vietnam National University Ho Chi Minh City, Ho Chi Minh City,

Vietnam.

• Luong VH, Do VL, Dang TD (2004) Butterflies of Cuc Phuong. Agriculture Publishing

House, Hanoi, Vietnam.

• MacKinnon J (1997) Protected areas systems review of the Indo-Malayan Realm. The

Asian Bureau for Conservation (ABC) in Collaboration with The World Conservation

Monitoring Centre (WCMC), Canterbury, England. 

URL: https://www.biodiversitylibrary.org/item/97608#page/3/mode/1up

• Malaise R (1937) A new insect-trap. Entomologisk Tidskrift 58: 148‑160. 

• Masner L (2009) The international YPT Cookbook. Skaphion 3 (41). 

• Mel'Nik VA, Alexandrova AV, Novozhilov Y, Popov ES, Morozova OV, Kovalenko AE

(2016) Anamorphic fungi of Vietnam. VIII. Mikologiya i Fitopatologiya 50 (6): 386‑393. 

• Middleton D (2014) Apocynaceae (subfamilies Rauvolfioideae and Apocynoideae):

Flora of Cambodia, Laos and Vietnam. Flora Malesiana-Series 1, 

Spermatophyta 33: 1‑276. 

• Ministry of Science and Technology – Vietnam Academy of Science and Technology

(2007) Vietnam Red List. Natural Science and Technology Publishing House, Vietnam,

412 pp. [In Vietnamese].

• Mora D, Abarca N, Proft S, Grau J, Enke N, Carmona J, Skibbe O, Jahn R,

Zimmermann J (2019) Morphology and metabarcoding: a test with stream diatoms from

24 Duwe V et al

https://doi.org/10.1177/1934578X1400900518
https://doi.org/10.24272/j.issn.2095-8137.2019.067
https://doi.org/10.3897/zookeys.506.9247
https://doi.org/10.3372/wi.50.50302
https://doi.org/10.2323/jgam.46.297
https://doi.org/10.2323/jgam.51.335
https://doi.org/10.2323/jgam.51.335
https://www.biodiversitylibrary.org/item/97608#page/3/mode/1up


Mexico highlights the complementarity of identification methods. Freshwater Science 38

(3): 448‑464. https://doi.org/10.1086/704827

• Myers N, Mittermeier R, Mittermeier C, Da Fonseca GB, Kent J (2000) Biodiversity

hotspots for conservation priorities. Nature 403 (6772): 853‑858. https://doi.org/

10.1038/35002501

• Ngo DT, Le AV, Le HT, Stas SM, Le TC, Tran HD, Pham T, Le TT, Spracklen BD,

Langan C (2020) The potential for REDD+ to reduce forest degradation in Vietnam.

Environmental Research Letters 15 (7). 

• Nguyen A, Sierwald P, Marek P (2019a) The pill millipedes of Vietnam: a key to genera

and descriptions of five new species (Diplopoda: Glomerida: Glomeridae). The Raffles

Bulletin of Zoology 67: 260‑297. https://doi.org/10.26107/RBZ-2019-0020

• Nguyen A, Nguyen M, Nguyen T, Phung H (2019b) Review of dragon millipedes

(Diplopoda, Polydesmida, Paradoxosomatidae) in the fauna of Vietnam, with

descriptions of three new species. Zoological Studies 58 https://doi.org/10.6620/ZS.

2019.58-14

• Nguyen DTA, Vu TTT, Bonkowski M, Peña-Santiago R (2014) New data of three rare

belondirid species (Nematoda, Dorylaimida, Belondiridae) from Vietnam, with the first

record and description of the male of Oxybelondira paraperplexa Ahmad & Jairajpuri,

1979. Biodiversity Data Journal https://doi.org/10.3897/BDJ.2.e1156

• Nguyen MC, Truong QB, Do VL, Mai VX, Nguyen HQ, Soejarto DD (2009) Selected

common plants at Cuc Phuong National Park. Transportation Publishing House,, Cuc

Phuong National Park, Vietnam.

• Nguyen NT (1992) Danh lục thực vật Cúc Phương [Update list of Cuc Phuong Flora].

Cuc Phuong National Park, Hanoi, Vietnam, 99 pp. [In Vietnamese].

• Nguyen NT (1997) The vegetation of Cuc Phuong National Park, Vietnam. SIDA,

Contributions to Botany 17 (4): 719‑759. 

• Nguyen TAD, Vu TTT, Peña-Santiago R (2012) Two new recorded species of the family

Leptonchidae (Nematoda: Dorylaimida) for Vietnam’s fauna from Cuc Phuong National

Park. Journal of Biology 34 (3): 275‑282. https://doi.org/10.15625/0866-7160/v34n3.245

• Nguyen TB, Tran DL, Nguyen T, Vu VD, Nguyen NT, Nguyen VT, Nguyen KK (2007)

Vietnam Red Data Book. Part II: Plants. Ministry of Science and Technology & Vietnam

Academy of Science and Technology, Hanoi, 611 pp. [In Vietnamese].

• Nguyen TD (2009) Monocot families. In: Soejarto DD, Phan KL, Do VL, Averyanov L,

Nguyen TH, Kessler PJ, Nguyen NT, Wen J, van de Werff H, et al. (Eds) Manual of

Identification. Flowering plants of Cuc Phuong National Park. No 4. Agricultural

Publishing House, Hanoi, Vietnam, 106 pp. [In English and Vietnamese].

• Nguyen TH, Harder DK, Averyanov LV, Farjon A, Hill KD, Soejarto DD, Phan KL (2001)

Highlights on results of collaborative research on selected taxa and of flora of Cuc

Phuong National Park, Vietnam, 1991-2000. Proceedings of International Symposium

on Plant Biodiversity and Development of Bioactive Products. National Museum of

Natural Science, Taichung. Taiwan. Taipei, 67-74 pp.

• Nguyen TH, Harder DK, Averyanov LV, Farjon A, Hill KD, Soejarto DD, Phan KL,

Soejarto DD, Truong QB (2002) Highlights on results of collaborative research on

selected taxa and of flora of Cuc Phuong National Park, Vietnam, 1991-2000. The role

of botanical researches and training in biodiversity conservation in Vietnam. IEBR and

MBG, Hanoi, 29-32 pp. [In Vietnamese].

Contributions to the biodiversity of Vietnam – Results of VIETBIO inventory w ... 25

https://doi.org/10.1086/704827
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.26107/RBZ-2019-0020
https://doi.org/10.6620/ZS.2019.58-14
https://doi.org/10.6620/ZS.2019.58-14
https://doi.org/10.3897/BDJ.2.e1156
https://doi.org/10.15625/0866-7160/v34n3.245


• Nguyen TT, Joshi Y, Lücking R, Nguyen AD, Wang XY, Jin Koh Y, Hur J (2011) Seven

new records of foliicolous lichens from Vietnam. Mycotaxon 117 (1): 93‑99. 

https://doi.org/10.5248/117.93

• Nguyen TT, Nguyen HQ, Luu QV (2018) New record of bent-toed gecko (Cyrtodactylus

bobrovi Nguyen, Le, Pham, Ngo, Hoang, Pham & Ziegler, 2015) from Cuc Phuong

National Park. Journal of Forestry Science and Technology 2: 157‑161. 

• Ono H, Ta HT, Pham DS (2012) Spiders (Arachnida, Araneae) recorded from Vietnam,

1837–2011. Memoirs of the National Museum of Nature and Science, Tokyo 48: 1‑37. 

• Pham HH (1993) Câycỏ Việtnam - An Illustrated Flora of Vietnam. 1. Mekong Printing,

Montreal, Canada, 618 pp. [In Vietnamese].

• Pham HH (1999) Vietnamese Plants -An Illustrated Flora of Vietnam. Youth Publishing

House, Ho Chi Minh City, Vietnam, 860 pp. [In Vietnamese].

• Pham THG, Morozova O (2020) Boletoid fungi (Boletaceae, Basidiomycota) of the

Bidoup – Nui Ba National Park (Vietnam). Turczaninowia 23 (4): 88‑98. https://doi.org/

10.14258/turczaninowia.23.4.9

• Phung NL, Nguyen NT, Ngo BT (1996) Tính đa dạng thực vật ở Cúc Phương [Diversity

of plants in Cuc Phuong]. Nxb Nông nghiệp, Hanoi, 187 pp. [In Vietnamese].

• PhycoBank (2021) Registration of nomenclatural acts of algae. https://phycobank.org.

Accessed on: 2021-8-17.

• Poyarkov N, Nguyen T, Duong T, Gorin V, Yang J (2018) A new limestone-dwelling

species of Micryletta (Amphibia: Anura: Microhylidae) from northern Vietnam. PeerJ 6 

https://doi.org/10.7717/peerj.5771

• Raheem DC, Backeljau T, Pearce-Kelly P, Taylor H, Fenn J, Sutcharit C, Panha S, von

Oheimb KCM, von Oheimb PV, Ikebe C, Páll-Gergely B, Gargominy O, Luong HV,

Pham SV, Do TV, Dinh PT, Naggs M, Ablett J, Mackenzie Dodds J, Wade CM, Naggs F

(2017) An illustrated guide to the land snails and slugs of Vietnam. The Natural History

Museum, the Royal Belgian Institute of Natural Sciences & the Zoological Society of

London, London & Brussels, 12 pp. [ISBN 978-0-565-09458-4]

• Rambaldi G, Bugna S, Geiger M (2001) Review of the protected area system of

Vietnam. Asean Biodiversity 1 (4): 43‑51. 

• Regalado JJC, Nguyen TH, Phan KL, Averyanov L, Harder DK (2005) New insights into

the diversity of the Flora of Vietnam. Biologiske Skrifter (55)189‑197. 

• Rehse T, Kress W (2003) Distichochlamys rubrostriata (Zingiberaceae), a new species

from northern Vietnam. Brittonia 55 (3): 205‑208. https://doi.org/10.1663/0007-196X

(2003)055[0205:DRZANS]2.0.CO;2

• Reichardt E (1997) Taxonomische Revision des Artenkomplexes um Gomphonema

pumilum (Bacillariophyceae). Nova Hedwigia 65 (1-4): 99‑129. https://doi.org/10.1127/

nova.hedwigia/65/1997/99

• Reichardt E (2005) Die Identitat von Gomphonema entolejum Ostrup

(Bacillariophyceae) sowie Revision ahnlicher Arten mit weiter Axialarea. Nova Hedwigia

81 (1-2): 115‑144. https://doi.org/10.1127/0029-5035/2005/0081-0115

• Rugendyke B, Son NT (2005) Conservation costs: Nature-based tourism as

development at Cuc Phuong National Park, Vietnam. Asia Pacific Viewpoint 46 (2):

185‑200. https://doi.org/10.1111/j.1467-8373.2005.00265.x

• Schintlmeister A (1997) Moths of Vietnam with special reference to Mt. Fan-si-pan.

Family: Notodontidae. Entomofauna Supplement 9: 33‑248. 

26 Duwe V et al

https://doi.org/10.5248/117.93
https://doi.org/10.14258/turczaninowia.23.4.9
https://doi.org/10.14258/turczaninowia.23.4.9
https://phycobank.org
https://doi.org/10.7717/peerj.5771
https://doi.org/10.1663/0007-196X(2003)055%5B0205:DRZANS%5D2.0.CO;2
https://doi.org/10.1663/0007-196X(2003)055%5B0205:DRZANS%5D2.0.CO;2
https://doi.org/10.1127/nova.hedwigia/65/1997/99
https://doi.org/10.1127/nova.hedwigia/65/1997/99
https://doi.org/10.1127/0029-5035/2005/0081-0115
https://doi.org/10.1111/j.1467-8373.2005.00265.x


• Schmidt O, Hausmann A, Cancian de Araujo B, Sutrisno H, Peggie D, Schmidt S (2017)

A streamlined collecting and preparation protocol for DNA barcoding of Lepidoptera as

part of large-scale rapid biodiversity assessment projects, exemplified by the

Indonesian Biodiversity Discovery and Information System (IndoBioSys). Biodiversity

Data Journal 5 https://doi.org/10.3897/bdj.5.e20006

• Schmidt O, Schmidt S, Häuser C, Hausmann A, van Vu L (2019) Using Malaise traps

for collecting Lepidoptera (Insecta), with notes on the preparation of Macrolepidoptera

from ethanol. Biodiversity Data Journal https://doi.org/10.3897/BDJ.7.e32192

• Schumm F, Aptroot A (2012) Microscopical atlas of some tropical lichens from SE-Asia

(Thailand, Cambodia, Philippines, Vietnam). 2. BoD–Books on Demand, Norderstedt.

• Skibbe O, Zimmermann J, Kusber W, Abarca N, Buczkó K, Jahn R (2018) Gomphoneis

tegelensis sp. nov. (Bacillariophyceae): a morphological and molecular investigation

based on selected single cells. Diatom Research 33 (2): 251‑262. https://doi.org/

10.1080/0269249X.2018.1518835

• Soejarto DD, Regalado JC, Hiep NT, Loc PK, Cuong NM, Bien LK, Dai TD, Dietzman G,

Bich TQ (2001) Atlas of seed plants of Cuc Phuong National Park. Program for

Collaborative Research (PCRPS), College of Pharmacy, University of Illinois at

Chicago. URL: http://fm2.fieldmuseum.org/plantatlas/

• Soejarto DD, Nguyen TH, Phan KL, Nguyen MC, Le KB, Tran DD, Regalado J,

Kadushin M, Nguyen TTH, Truong QB (2004) Seed plants of Cuc Phuong National

Park: A Documented Checklist. Agricultural Publishing House, Hanoi, 760 pp.

• Soejarto DD, Phan KL, et al. (2005) Fagaceae. In: Soejarto DD, Phan KL, Do VL,

Averyanov L, Nguyen TH, Kessler PJ, Nguyen NT, et al. (Eds) Manual of Identification.

Flowering plants of Cuc Phuong National Park. No 1. Agricultural Publishing House,

Hanoi, Vietnam, 80 pp.

• Staples G (2018) Convolvulaceae in flora of Cambodia, Laos and Vietnam. 35. Museum

National d'Histoire Naturelle, 40 pp. [ISBN 978-2-85653-833-3] https://doi.org/10.5852/

fft47

• Sterling E, Hurley M (2005) Conserving biodiversity in Vietnam: Applying biogeography

to conservation research. Proceedings of the California Academy of Sciences 56.

• Sterling EJ, Hurley MM, Le MD (2006) Vietnam: A natural history. Yale University Press,

New Haven, CT, London, 423 pp. [ISBN 978-0-300-10608-4]

• The Socialist Republic of Vietnam (2003) Management strategy for a protected areas

system in Viet Nam to 2010. Published Duy Thanh Company, Hanoi, Vietnam.

• Tran DQ, Nguyen HTN, Tran HTM, Stephenson SL (2014) Myxomycetes recorded from

three lowland tropical forests in Vietnam. Mycosphere 5 (5): 662‑672. https://doi.org/

10.5943/mycosphere/5/5/7

• Tran MV, Truong BQ (2005) Nẩm lốn Cúc Phưong [The Macrofungi in Cuc Phuong].

Nhà Xuẩt Bản Nông Nghiệp, Hà Nội, 244 pp. [In Vietnamese].

• Tran N (1992) Bryophyta – Ngành rêu. In Chu & Nguyen: Danh lục thực vật Cúc

Phương [Update list of Cuc Phuong Flora]. Bộ Lâm Nghiệp (Ministry of Forestry), Cuc

Phuong National Park, Vietnam, 3-7 pp. [In Vietnamese].

• Tran TB, Do VH, Le NH, Bui HQ, Nguyen TTH, Bui TH, Tran VH, Rodda M (2020) 

Heterostemma cucphuongense (Apocynaceae, Asclepiadoideae), a new species from

Vietnam. PhytoKeys 148: 119‑124. https://doi.org/10.3897/phytokeys.148.50029

Contributions to the biodiversity of Vietnam – Results of VIETBIO inventory w ... 27

https://doi.org/10.3897/bdj.5.e20006
https://doi.org/10.3897/BDJ.7.e32192
https://doi.org/10.1080/0269249X.2018.1518835
https://doi.org/10.1080/0269249X.2018.1518835
http://fm2.fieldmuseum.org/plantatlas/
https://doi.org/10.5852/fft47
https://doi.org/10.5852/fft47
https://doi.org/10.5943/mycosphere/5/5/7
https://doi.org/10.5943/mycosphere/5/5/7
https://doi.org/10.3897/phytokeys.148.50029


• Truong QB, Do VL, Nguyen MC (2018) Report Biodiversity Status of Cuc Phuong

National Park. Unpublished Report, Cuc Phuong, Ninh Binh, Vietnam, 1-20 pp. 

[In Vietnamese].

• van Sam H, Nooteboom H (2007) Ailanthus vietnamensis (Simaroubaceae): a new

species from Vietnam. Blumea - Biodiversity, Evolution and Biogeography of Plants 52

(3): 555‑558. https://doi.org/10.3767/000651907X608918

• Vermeulen JJ, Whitten AJ (1998) Land and freshwater mollusks of the karst regions

ENE of Haiphong and the Cuc Phuong National Park, northern Vietnam. Report of a

survey for the Vietnam Programme of Flora and Fauna International1‑12. 

• Vermeulen JJ, Maassen WJM (2003) The non-marine mollusk fauna of the Pu Luong,

Cuc Phuong, Phu Ly, and Ha Long regions in northern Vietnam: A survey for the

Vietnam Programme of FFI (Flora and Fauna International). Flora and Fauna

International1‑27. 

• von Oheimb KCM, von Oheimb PV, Hirano T, Do TV, Ablett J, Luong HV, Pham SV,

Naggs F (2019) Cryptic diversity of limestone karst inhabiting land snails (Cyclophorus

spp.) in northern Vietnam, their evolutionary history and the description of four new

species. PLOS One 14 (10): e0222163. https://doi.org/10.1371/journal.pone.0222163

• von Oheimb PV, von Oheimb KCM, Hirano T, Do TV, Luong HV, Ablett J, Pham SV,

Naggs F (2018) Competition matters: Determining the drivers of land snail community

assembly among limestone karst areas in northern Vietnam. Ecology and Evolution 8

(8): 4136‑4149. https://doi.org/10.1002/ece3.3984

• Wiesner J, Bandinelli A, Matalin A (2017) Notes on the tiger beetles (Coleoptera:

Carabidae: Cicindelinae) of Vietnam. 135. Contribution towards the knowledge of

Cicindelinae. Insecta Mundi 0589: 1‑131. 

• Xin X, Liu F, Chen J, Ono H, Li D, Kuntner M (2015) A genus-level taxonomic review of

primitively segmented spiders (Mesothelae, Liphistiidae). ZooKeys 488: 121‑151. 

https://doi.org/10.3897/zookeys.488.8726

• Yamane S, Bui TV, Ogata K, Okido H, Eguchi K (2003) Ant fauna of Cuc Phuong

National Park, North Vietnam (Hymenoptera: Formicidae). Bulletin of the Institute of

Tropical Agriculture Kyushu University (Japón) 25 (2002): 51‑62. 

• Yen LTH, Kurihara Y, Hoa NTL, Hop DV, Ando K (2008) Draft study on the micro fungi

diversity Cuc Phuong National Forest – Vietnam. Journal of Genetics and 

Applications 4: 22‑28. 

• Yen LTH, Tuan NA, Hung LV, Nhung NTH, Hop DV (2010) Screening for chitinolytic

fungi isolated in Vietnam and optimizing cultural conditions for the production of

chitinase by Trichoderma reesei VN09-F0060. Annual Reports of International Center

for Biotechnology Osaka University 32: 449‑459. 

• Yen LTH, Tsurumi Y, Hop DV, Ando K (2020) Geminoarcus maximus sp. nov. and 

Ceramothyrium brevis sp. nov., two novel aquatic hyphomycetes from Viet Nam.

Vegetos 33 (4): 641‑647. https://doi.org/10.1007/s42535-020-00148-z

• Zhurbenko M, Diederich P, Gagarina L (2020) Lichenicolous fungi from Vietnam, with

the description of four new species. Herzogia 33 (2): 525‑543. https://doi.org/10.13158/

heia.33.2.2020.525

• Zimmermann J, Glöckner G, Jahn R, Enke N, Gemeinholzer B (2015) Metabarcoding

vs. morphological identification to assess diatom diversity in environmental studies.

Molecular Ecology Resources 15 (3): 526‑542. https://doi.org/10.1111/1755-0998.12336

28 Duwe V et al

https://doi.org/10.3767/000651907X608918
https://doi.org/10.1371/journal.pone.0222163
https://doi.org/10.1002/ece3.3984
https://doi.org/10.3897/zookeys.488.8726
https://doi.org/10.1007/s42535-020-00148-z
https://doi.org/10.13158/heia.33.2.2020.525
https://doi.org/10.13158/heia.33.2.2020.525
https://doi.org/10.1111/1755-0998.12336

	Abstract
	Keywords
	Introduction
	The VIETBIO project: Innovative Approaches to Biodiversity Discovery and Characterisation in Vietnam
	The study area: Cuc Phuong National Park
	Location and topography
	Weather and climate
	Biodiversity
	Flora
	Algae
	Funga
	Fauna
	Conservation

	Approach and methods
	Field recording and collecting methods
	Terrestrial fauna
	Aquatic fauna
	Terrestrial flora and funga (including lichens)
	Aquatic microalgae (diatoms)
	Data recording
	Identification

	Results
	Acknowledgements
	References

