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Descriptions of two new freshwater shrimps of the genus Caridina H.
Milne Edwards, 1837 (Crustacea: Decapoda: Atyidae) from northern
Vietnam
Van Tu Do1,2*, Thomas von Rintelen3 & Van Dong Dang1,2
Abstract. Two new species of freshwater shrimp in the family Atyidae, Caridina tricincta and C. pacbo, are
described from the provinces of Tuyen Quang and Ha Giang, and from the province of Cao Bang, respectively, all
in northern Vietnam. The new species can be distinguished from congeners by distinct characteristics of the rostrum,
first and second pereopods, and male first and second pleopods. Molecular phylogenetic analysis of the mitochondrial
cytochrome oxidase subunit I (COI) and 16S ribosomal RNA (16S) genes also support the distinctiveness of the
new species from all other examined species.
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INTRODUCTION

C. nguyeni and C. caobangensis, collected in Pac Bo, Ha
Quang, Cao Bang Province, near the border with China. Li
& Liang (2002) also discussed the classification of Atyidae
in northern Vietnam and synonymised several species: C.
flavilineata Dang, 1975, with C. lanceifrons Yu, 1936; C.
acuticauda Dang, 1975, with C. longirostris H. MilneEdwards, 1837; C. subnilotica Dang, 1975, with C. nilotica
macrophora Kemp, 1918; and C. vietnamensis Dang, 1975,
with Neocaridina palmata palmata (Shen, 1948). The only
work on atyids of southern Vietnam as of 2007 was done
by Nguyen (1999), who recorded two additional species
of Atyidae, namely C. propinqua De Man, 1908, and C.
gracilirostris De Man, 1892.

During the period prior to 1945, there was hardly any
significant work on Atyidae in Vietnam, apart from some of
Bouvier’s works, which included records of Caridina weberi
var. sumatrensis De Man, 1892, and C. nilotica var. typica
Bouvier, 1925, from southern Vietnam, and the description
of C. tonkinensis Bouvier, 1919, from northern Vietnam
(Bouvier, 1904, 1919, 1925).
Systematic research on Atyidae of Vietnam started only in
the 1960s in the course of baseline surveys of the fauna
from inland water bodies (Dang, 1967, 1975; Dang et al.,
1980). These works resulted in records of eight atyid species
in northern Vietnam by 1980, including Caridina serrata
serrata Stimpson, 1860; C. tonkinensis Bouvier, 1919; C.
cantonensis Yu, 1938; C. vietnamensis Dang, 1975 (former
name: Caridina denticulata vietnamensis Dang, 1967); C.
acuticaudata Dang, 1975; C. flavilineata Dang, 1975; C.
subnilotica Dang, 1975; C. serrata cucphuongensis Dang
in Dang, Thai & Pham, 1980. Subsequently, Cai et al.
(1999) published a new species, C. clinata Cai, Quynh &
Ng, 1999, obtained in Cuc Phuong National Park, northeast
Vietnam. In 2002, Li & Liang described two new species,

Recently, Dang & Do (2007a) and Do & Dang (2010)
described six new species from Vietnam: viz. C. pseudoserrata
Dang & Do, 2007 (previously identified as C. serrata serrata
Stimpson, 1860, in Dang et al., 1980); C. rubropunctata
Dang & Do, 2007; C. vietriensis Dang & Do, 2007; C.
uminensis Dang & Do, 2007; C. haivanensis Do & Dang,
2010; C. pseudoflavilineata Do & Dang, 2010. In their
monograph on freshwater crabs and shrimps in Vietnam,
Dang & Ho (2012) listed 20 atyid species, including Atyopsis
moluccensis (De Haan, 1849), Neocaridina vietnamensis
Dang, 1975 (originally described as Caridina), C. weberi
De Man, 1892, and the taxa synonymised by Li & Liang
(2002), but did not mention Caridina nilotica var. typica
Bouvier, 1925 (Table 1).
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Table 1. The list of atyid species recorded from Vietnam. The species that were considered as the synonyms of other species by Li &
Liang (2002) are highlighted in bold. +: species recorded by Dang & Ho (2012) by the same name with this table.
No

Species

First time recorded by

Dang & Ho (2012)

1

Caridina weberi sumatrensis De Man, 1892

Bouvier (1904)

As C. weberi De Man, 1892

2

Caridina nilotica typica De Man, 1892

Bouvier (1925)

3

Caridina tonkinensis Bouvier, 1919

Bouvier (1919)

+

4

Caridina flavilineata Dang, 1975

Dang (1975)

+

5

Caridina acuticaudata Dang, 1975

Dang (1975)

+

6

Caridina subnilotica Dang, 1975

Dang (1975)

+

7

Caridina cantonensis Yu, 1938

Dang et al. (1980)

+

8

Caridina cucphuongensis Dang in Dang, Thai & Pham, 1980

Dang et al. (1980)

+

9

Caridina clinata Cai, Quynh & Ng, 1999

Cai, Quynh & Ng (1999)

+

10

Caridina gracilirostris De Man, 1892

Nguyen (1999)

+

11

Caridina propinqua De Man, 1908

Nguyen (1999)

+

12

Caridina caobangensis Li & Liang, 2002

Li & Liang (2002)

+

13

Caridina nguyeni Li & Liang, 2002

Li & Liang (2002)

+

14

Caridina pseudoserrata Dang & Do, 2007

Dang et al. (1980) as C.
serrata serrata Stimpson, 1860

+

15

Caridina rubropunctata Dang & Do, 2007

Dang & Do (2007a)

+

16

Caridina vietriensis Dang & Do, 2007

Dang & Do (2007a)

+

17

Caridina uminensis Dang & Do, 2007

Dang & Do (2007a)

+

18

Caridina haivanensis Do & Dang, 2010

Do & Dang (2010)

+

19

Caridina pseudoflavilineata Do & Dang, 2010

Do & Dang (2010)

+

20

Caridina tricincta, new species

This study

21

Caridina pacbo, new species,

This study

22

Neocaridina palmata (Shen, 1948),

23

Atyopsis moluccensis (De Haan, 1849)

Our recent surveys in the forested limestone mountains of
Tuyen Quang and Cao Bang provinces in northern Vietnam
obtained two species of Caridina, which can be distinguished
from all congeners by a suite of morphological characteristics
and their mitochondrial DNA sequences. The aim of this
study is to describe the two new Caridina species.

Dang (1967), as C. denticulata
vietnamensis

As N. vietnamensis (Dang,
1975)

Dang & Do (2007b)

+

Evolution and Biodiversity Science, Berlin; and Zoological
Reference Collection (ZRC) of the Lee Kong Chian Natural
History Museum, National University of Singapore. All
terminology used follows Chace (1997). The abbreviation
cl is used for carapace length, measured from the postorbital
margin to the posterior median margin of the carapace in mm.
The rostral formula used in the present study is defined as
(number of dorsal teeth on the carapace posterior to the orbital
margin + number of dorsal teeth on the rostrum anterior to
the orbital margin/number of ventral teeth of the rostrum). In
addition to the material listed in the taxonomic descriptions
below, a representative each of all available species recorded
from Vietnam were included in the molecular analyses.
All Vietnamese material was sequenced for this study and
additional sequences of three species from outside Vietnam
were downloaded from GenBank (see Table 2).

MATERIAL AND METHODS
Specimens of Caridina were collected from northern Vietnam
(Fig. 1), preserved in 70–95% ethanol, and illustrated with
the help of a drawing tube attached to a Leica MZ 12
stereomicroscope. The examined material is deposited at
the Institute of Ecology and Biological Resources (IEBR),
Vietnam Academy of Science and Technology, Ha Noi;
Museum für Naturkunde (ZMB), Leibniz Institute for
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Fig. 1. Collection sites of Caridina tricincta, new species, and C. pacbo, new species.

For the molecular analyses, DNA was purified from about
2 mm3 of abdominal muscle tissue with a Qiagen BioSprint
96 using the manufacturer’s protocol. Polymerase chain
reaction (PCR) was used to amplify two mitochondrial
gene fragments, a ~535 bp region of the 16S ribosomal
RNA gene (16S) using primers 16S-F-Car and 16S-R-Car1,
and a 861 bp fragment of the cytochrome oxidase subunit I
gene (COI) using primers COI-F-Car and COI-R-Car (von
Rintelen et al., 2007).

respectively. To determine the best substitution model
for Bayesian inference analyses (see below), hierarchical
likelihood ratio tests were carried out using jModelTest
(Posada, 2008) on both sequence sets (24 models tested).
Based on the Bayesian Inference Criterion, the GTR + I +
G was chosen for both datasets, which were subsequently
analysed separately using this model.
Phylogenetic trees were reconstructed by maximum
parsimony (MP) using the heuristic search algorithm as
implemented in PAUP* (Swofford, 2002), with gaps treated
as fifth base. Support for nodes was estimated by bootstrap
analysis (10,000 bootstrap replicates with 10 random addition
sequence replicates each). Maximum Likelihood (ML)
analyses were conducted with RAxML (Stamatakis et al.,
2008; RAxML BlackBox; 1,000 bootstrap replicates). In
addition, Bayesian inference was employed to infer phylogeny
by using MrBayes 3.2.2 (Ronquist & Huelsenbeck, 2003).
The MCMCMC-algorithm was run with four independent
chains for 10,000,000 generations (samplefreq = 250, burnin
= 10,001). Genetic distances were calculated using MEGA
7.0 (Kumar et al., 2016). All new sequences have been
deposited in GenBank (see Table 2).

PCR was performed in 25 µl volumes containing 1× Taq
buffer, 1.5 mM MgCl2, 200 µM of each dNTP, 1 U Taq
polymerase, ca. 50–100 ng DNA and ddH2O. After an initial
denaturation step of 3 minutes at 94°C, cycling conditions
were 35 cycles at 94°C for 35 s, 45°C (COI) or 50°C (16S)
for 60 s, and 72°C for 180 s (COI) or 90 s (16S), with a
final elongation step of 5 minutes at 72°C. The same primers
were used in PCR and sequencing. PCR products were sent
to Macrogen Europe for purification and cycle sequencing
of both strands of each gene.
Sequences were aligned by eye (COI) and with MUSCLE
(16S) using default settings (Edgar, 2004). The resulting
alignments had a length of 781 bp (COI) and 541 bp (16S),
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Table 2. Specimens of atyid taxa used for DNA sequencing in the present study.

Species

Museum acc. no.

Locality

MfN DNA Crust 222

GenBank acc. no.
COI

16S

Indopacific region (pet shop in
Germany)

DQ681246

DQ681281

ZMB 30255

Vietnam, Cao Bang, Ha Quang,
Truong Ha, Pac Bo

#

#

OUMNH.ZC 2013-07-010

China, Zuhai

KP168758

KP168717

Caridina clinata

ZMB 31777

Vietnam, Ninh Binh, Cuc Phuong

#

#

Caridina cucphuongensis

ZMB 31744

Vietnam, Ninh Binh, Cuc Phuong

#

#

Caridina haivanensis

ZMB 30259

Vietnam, Thua Thien-Hue, Hai Van

#

#

Caridina lanceifrons

ZMB 29638

Vietnam, Hoa Binh, Da Bac

#

#

Caridina macrophora

ZMB 30263

Vietnam, Hai Phong, Thuy Nguyen

#

#

Caridina nguyeni

ZMB 30280

Vietnam, Cao Bang, Ha Quang,
Truong Ha, Pac Bo

#

#

ZMB 30295-1
ZMB 30295-2

Vietnam, Cao Bang, Ha Quang,
Truong Ha, Pac Bo

#
#

–
–

Caridina propinqua

ZMB 30260

Vietnam, Kien Giang, Giang Thanh,
Vinh Dieu

#

#

Caridina pseudoserrata

ZMB 30343

Vietnam, Cao Bang, Quang Yen, Tu
Do

#

#

Caridina rubropunctata

ZMB 30314

Vietnam, Thai Nguyen, Dong Hy,
Van Lang

#

#

OUMNH.ZC 2013-07-020

China, Hong Kong, Hong Kong Island

KP168722

KP168793

Vietnam, Tuyen Quang, Na
Hang,Khau Tinh
Vietnam, Ha Giang, Bac Me, Lac
Nong

–
–
#
#
#
#

#
#
#
#
#
–

Atyopsis moluccensis
Caridina caobangensis
Caridina cantonensis

Caridina pacbo, new species

Caridina serrata
Caridina tricincta, new species

ZMB
ZMB
ZMB
ZMB
ZMB
ZMB

29641-1
29641-2
30360-1
30360-2
30363-1
30363-2

Vietnam, Ha Giang, Bac Me, Lac
Nong

Neocaridina palmata

ZMB 30256

Vietnam, Cao Bang, Ha Quang,
Truong Ha, Pac Ma

#

#

Paracaridina zijinica

OUMNH.ZC 2013-07-038

China, Heyuan

KP168798

KP168782

TAXONOMY

Lac Nong Commune, 22°44′18.635″N 105°15′37.397″E,
coll. Do Van Tu & Dang Van Dong, 16 October 2019; 2
females, cl 3.7 mm, 4.3 mm (ZMB 30363), Vietnam: Ha
Giang Province, Bac Me District, Lac Nong Commune,
22°44′24.894″N 105°14′9.989″E, coll. Do Van Tu & Dang
Van Dong, 16 October 2019.

Family Atyidae De Haan, 1849
Caridina H. Milne Edwards, 1837
Caridina tricincta, new species
(Figs. 2–4)

Comparative material. Caridina clinata Cai, Quynh &
Ng, 1999: male, cl 3.1 mm (ZMB 30664), Vietnam: Ninh
Binh Province, small stream in Cuc Phuong National Park,
20°19′11.118″N 105°37′42.168″E, coll. Thomas von Rintelen
& Do Van Tu, 03 April 2017.

Material examined. Holotype male, cl 5.3 mm (IEBR–FS
001), Vietnam: Tuyen Quang Province, Na Hang District,
Khau Tinh Commune, 22°26′42.1″N 105°23′09.1″E, coll.
Nguyen Anh Tuan, 11 December 2014. Paratypes: 22 females,
cl 3.6–6.8 mm, 19 males, cl 4.0–5.5 mm (ZMB 29641),
same data as holotype; 2 males, cl 4.0 mm, 4.2 mm (ZMB
30360), Vietnam: Ha Giang Province, Bac Me District,

Description. Carapace length 3.6–6.8 mm (median 5.0
mm). Rostrum straight or slightly curved downwards, short,
reaching to middle or slightly falling short of distal end of
407
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Fig. 2. Caridina tricincta, new species. A, holotype male, cl 5.3 mm (IEBR–FS 001); B–N, paratype male, cl 4.3 mm (ZMB 29641). A,
cephalothorax and cephalic appendages, lateral view; B, antennular peduncle; C, scaphocerite; D, telson; E, distal portion of telson; F,
preanal carina; G, uropodal diaeresis; H, mandible; I, maxillula; J, maxilla; K, first maxilliped; L, distal end of palp of first maxilliped;
M, second maxilliped; N, third maxilliped. Scale: A–C, F = 1 mm; E, G–N = 0.5 mm.
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basal segment of antennular peduncle, 0.14–0.31 (median
0.25) times as long as carapace, rostral formula: 0–6+0–3/0–5
(n = 33), teeth small (Fig. 2A). Suborbital angle acute,
completely fused with antennal spine; pterygostomian margin
rounded (Fig. 2A). Eyes well developed with globular cornea,
anterior end reaching to 0.7 times length of basal segment of
antennular peduncle (Fig. 2A). Antennular peduncle 0.42–0.6
(median 0.49) times as long as carapace; basal segment
1.29–2.0 (median 1.71) times as long as second segment,
second segment 1.14–1.5 (median 1.29) times as long as
third segment (Fig. 2B). Stylocerite reaching distal end of
basal segment of antennular peduncle (Fig. 2B). Scaphocerite
ovate, reaching beyond distal end of antennular peduncle,
2.45–3.43 (median 2.86) times as long as wide (Fig. 2A, C).

(Fig. 3A). Second pereopod long, slender, reaching to distal
end of antennular peduncle; chela 2.61–3.0 (median 2.82)
times as long as wide, 0.76–0.96 (median 0.89) times length
of carpus; tips of fingers rounded, without hook; dactylus
1.42–1.91 (median 1.54) times as long as palm; carpus
4.38–5.17 (median 4.71) times as long as wide, 1.0–1.13
(median 1.03) times as long as merus; merus 4.2–5.17
(median 4.85) times as long as wide, longer than ischium
(Fig. 3B). Third pereopod slender, reaching beyond end of
scaphocerite by its dactylus, terminating in two claws, with
four or five accessory spines on flexor margin, dactylus
2.67–3.33 (median 2.88) times as long as wide (terminal
claw and spines on flexor margin included), propodus
10.23–11.25 (median 10.86) times as long as wide, 3.8–4.8
(median 4.24) times as long as dactylus; carpus 4.15–5.18
(median 5.0) times as long as wide, 0.44–0.67 (median 0.61)
times as long as propodus, 0.46–0.58 (median 0.5) times as
long as merus; merus 6.12–8.68 (median 7.5) times as long
as wide, bearing three strong, movable spines on posterior
margin of outer surface; ischium with a small spinule (Fig.
3C, D). Fifth pereopod slender, reaching to end of second
segment of antennular peduncle, dactylus 3.0–4.0 (median
3.25) times as long as wide (terminal claw and spines on
flexor margin included), terminating in one large claw,
with 33–46 spinules on flexor margin; propodus 12.0–13.0
(median 12.58) times as long as wide, 3.23–4.17 (median
3.43) times length of dactylus; carpus 4.33–5.25 (median
4.81) times as long as wide, 0.46–0.55 (median 0.5) times as
long as propodus, 0.59–0.71 (median 0.64) times as long as
merus; merus 6.0–7.32 (median 6.2) times as long as wide,
bearing 3–4 strong, movable spines on posterior margin of
outer surface (Fig. 3E, F).

Sixth abdominal somite 0.35–0.42 (median 0.4) times length
of carapace, 1.47–1.91 (median 1.75) times as long as fifth
abdominal somite, 0.76–0.9 (median 0.84) times length of
telson. Telson length 1.91–2.75 (median 2.25) times as long
as proximal wide, distal margin triangular, terminating in
a very short median projection, with 4–5 pairs of dorsal
spinules and one pair of dorso-subdistal spinules; distal end
with 4–5 pairs of spines, lateral pair slightly longer than
intermediate pairs (Fig. 2D, E). Preanal carina low, with few
setae, lacking tooth or spine (Fig. 2F). Uropodal diaeresis
with 12–18 movable spinules, outermost one slightly longer
than lateral angle (Fig. 2G).
Incisor process of mandible ending in one row of 5–6 irregular
teeth, molar process truncated (Fig. 2H). Lower lacinia of
maxillula broadly rounded, upper lacinia elongated, with
number of distinct teeth and setae on inner margin, palp stout
with few simple setae at tip (Fig. 2I). Upper endites of maxilla
subdivided, palp short, scaphognathite tapering posteriorly,
with numerous long, curved setae at posterior margin (Fig.
2J). Distal end of palp of first maxilliped triangular, with
a short projection; flagellum of the exopod very elongated,
endopod high, reaching 0.75 times length of flagellum of
exopod (Fig. 2K, L). Podobranch of second maxilliped
incompletely reduced, with few finger-like projections (Fig.
2M). Third maxilliped reaching to distal end of antennular
peduncle, ending in single terminal claw, exopod reaching
0.4 times length of penultimate segment; ultimate segment
slightly shorter than penultimate segment (Fig. 2N). Branchial
formula as is typical for genus, five pairs of pleurobranchs
well developed; three pairs of arthrobranchs, two on third
maxillipeds, with second pair strongly reduced in size, one
pair on first pereopod; one pair of podobranchs on second
maxilliped strongly reduced.

Endopod of male first pleopod extending to 0.7 times exopod,
rectangular in shape, 3.0–3.25 (median 3.0) times as long as
proximal width, inner margin concave, outer margin slightly
convex, rounded distally, long plumose setae on outer and
distal margins, medium-length setae on inner margin; with
appendix interna exceeding terminal margin of endopod
by 0.3–0.5 its length (Fig. 3G, H). Appendix masculina of
male second pleopod stout, reaching to proximal 0.5 times
endopod length, 6.0 times as long as distal width, fingershaped, with some short spinules on outer surface and some
long spinules on distal surface; appendix interna at the middle
of appendix masculina, extending about 0.9 times length of
appendix masculina (Fig. 3I, J).
Habitat. This species was found in a stream with mixed
sand, gravel, and rock substratum, and clear flowing water
from the forest (Fig. 4A).

Epipod present on first three pereopods. First pereopod short,
robust, reaching beyond end of basal segment of antennular
peduncle; chela 1.69–2.14 (median 2.0) times as long as
wide, 1.43–1.88 (median 1.53) times length of carpus; tips
of fingers rounded, without hook; dactylus 1.08–1.67 (median
1.24) times as long as palm; carpus excavated anteriorly,
1.13–1.58 (median 1.4) times as long as wide, 0.68–0.94
(median 0.83) times length of merus; merus 2.0–2.57
(median 2.54) times as long as wide, longer than ischium

Colouration. The body is dark grey. Three black transverse
stripes are present on the carapace, third and sixth abdominal
somites, respectively, interleaved with three narrower grey
transverse stripes (Fig. 4).
Etymology. The name ‘tricincta’ (L. tri – three; cinctus –
belt or girdle) refers to the three characteristic transverse
stripes on the body of live specimens of this species. Used
as an adjective.
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Fig. 3. Caridina tricincta, new species. Paratypes male, cl 4.3 mm (ZMB 29641). A, first pereopod; B, second pereopod; C, third pereopod;
D, the same, dactylus; E, fifth pereopod; F, the same, dactylus; G, male first pleopod; H, endopod of male first pleopod; I, male second
pleopod; J, appendix masculina and interna of male second pleopod. Scale: A–J = 0.5 mm.
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A

B

Fig. 4. Caridina tricincta, new species. A, in situ photograph (by Nguyen Anh Tuan) at a stream of Khau Tinh Commune, Na Hang
District, Tuyen Quang Province; B, live individuals collected in Lac Nong Commune, Bac Me District, Ha Giang Province.

Remarks. Caridina tricincta, new species, is quite similar
to C. clinata Cai, Quynh & Ng, 1999, from Ninh Binh
province, northeast Vietnam, in the shape of the endopod
of male first pleopod. However, it can be separated by the
number of teeth located on the dorsal surface including the
teeth on the carapace posterior to the orbital margin (0–7
teeth vs. 13–21 teeth); proportion of the chela of the second
pereopod (2.61–3.0 times as long as wide vs. 2.5 times as long
as wide); proportion of the propodus of the third pereopod
(10.23–11.25 times as long as wide vs. 9 times as long as
wide in C. clinata; and 3.8–4.8 times as long as dactylus vs.
3.6 times as long as dactylus in C. clinata); proportion of the
endopod of the male first pleopod (3.0–3.25 times as long
as wide vs. 2.8 times as long as wide in C. clinata); and the
live colour patterns (distinct and unbroken black transverse
stripes are present vs. black patterns are unobvious, thin and
irregularly broken in C. clinata) (Figs. 2A, 3B, H, 4A, B;
cf. Cai et al., 1999: figs. 1A–C, G–I, 2F).

peduncle (vs. extending beyond the end of basal segment of
the antennular peduncle in C. serrata) (Fig. 2A, B; cf. Cai
& Ng, 1999: figs. 2, 3).

Caridina tricincta, new species, is also similar to C. baoting
Cai, 2014, from Hainan Island and C. serrata Stimpson,
1860, from Hong Kong, southern China, in the shape of the
rostrum and the endopod of male first pleopod. Caridina
tricincta, new species, can be distinguished from C. baoting
by a suite of characteristics: the fingers of the first pereopod
are slightly longer than the palm (vs. as long as palm in C.
baoting); the carpus of the first pereopod is 1.13–1.58 times
as long as wide (vs. 1.7 times as long as wide in C. baoting);
the chela of the second pereopod is 2.61–3.0 times as long
as wide (vs. 2.4 times as long as wide in C. baoting); the
endopod of male first pleopod is 3.0–3.25 times as long
as wide (vs. 2.8 times as long as wide in C. baoting); the
appendix interna extends about 0.9 times length of appendix
masculina (vs. 0.4 times length of appendix masculina in
C. baoting); and the uropodal diaeresis has 12–18 movable
spinules (vs. 20–23 movable spinules in C. baoting) (Figs.
2, 3; cf. Cai, 2014: figs. 8, 9).

Caridina pacbo, new species
(Figs. 5–7)

The rostrum shape and the endopod of male first pleopod
of Caridina tricincta, new species, are quite similar to
that of C. sumatianica Cai & Yuan, 1996, from Hongyan
Village, Chishui region, Guizhou Province, China. However,
C. tricincta, new species, can be distinguished from C.
sumatianica by the number and position of the ventral
teeth of the rostrum (0–5 not close to the tip vs. 2–4 teeth
close to tip in C. sumatianica); the stylocerite reaching the
end of the basal segment of the antennular peduncle (vs.
stylocerite only 0.75 times length of basal segment in C.
sumatianica); and the endopod of the male first pleopod
being 3.0–3.25 times as long as its proximal width (vs. 2.5
times in C. sumatianica) (Figs. 2A, B, 3H; cf. Cai & Yuan,
1996: figs. 22, 23).

Material examined. Holotype male, cl 4.2 mm (IEBR–FS
003), Vietnam: Cao Bang Province, Ha Quang District,
Truong Ha Commune, Pac Bo Village, small stream in
Khuoi Nam, 22°59′1.7″N 106°02′31.2″N, coll. Do Van
Tu, 25 May 2017. Paratypes: 5 females, cl 5.0–6.3 mm; 2
males, cl 4.2–4.5 mm (ZMB 30295), same data as holotype.
Comparative material. Caridina nguyeni Li & Liang, 2002:
male, cl 3.2 mm (ZMB 30280), Vietnam: Cao Bang, Ha
Quang, Truong Ha, Pac Bo, a small creek run into Le Nin
stream, 22°59′4.0″N 106°02′53.7″E, coll. Do Van Tu, 25 May
2017; male, cl 3.3 mm (ZMB 30283), Vietnam: Cao Bang,
Ha Quang, Lung Nam, a small stream runs along the road
of Thin Tang village, 22°58′33.99″N 106°04′7.06″E, coll.
Do Van Tu, 25 May 2017. Caridina cucphuongensis Dang
in Dang, Thai & Pham, 1980: male, cl 3.8 mm; 2 females,
cl 4.2–4.4 mm (ZMB 30234), Vietnam: Ninh Binh, Cuc
Phuong National Park, a small stream near the footpath to
the one thousand year old tree (in Vietnamese name: chò),
20°21′0.779″N 105°36′11.675″E, coll. Thomas von Rintelen
& Do Van Tu, 03 April 2017.

When compared to C. serrata Stimpson, 1860, the new
species Caridina tricincta can be easily distinguished, by
fewer teeth on the dorsal margin of the rostrum (excluding
the teeth on the carapace posterior to orbital margin) (viz. 0–3
teeth vs. 5–12 teeth in C. serrata), and a shorter stylocerite,
just reaching the distal end of basal segment of the antennular
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Fig. 5. Caridina pacbo, new species. A, holotype male, cl 4.2 mm (IEBR–FS 003); B–N, paratypes male, cl 4.3 mm (ZMB 30295). A,
cephalothorax and cephalic appendages, lateral view; B, antennular peduncle; C, scaphocerite; D, telson; E, distal portion of telson; F,
preanal carina; G, uropodal diaeresis; H, mandible; I, maxillula; J, maxilla; K, first maxilliped; L, distal end of palp of first maxilliped;
M, second maxilliped; N, third maxilliped. Scale: A–C, F = 1 mm; E, G–N = 0.5 mm.
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Fig. 6. Caridina pacbo, new species. Paratypes male, cl 4.3 mm (ZMB 30295). A, first pereopod; B, second pereopod; C, third pereopod;
D, the same, dactylus; E, fifth pereopod; F, the same, dactylus; G, male first pleopod; H, endopod of male first pleopod; I, male second
pleopod; J, appendix masculina and interna of male second pleopod. Scale: A–J = 0.5 mm.
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Description. Carapace length 4.2–6.3 mm (median 5.2
mm). Rostrum slightly curved downwards, short, reaching
beyond middle or close to end of basal segment of antennular
peduncle, 0.25–0.36 (median 0.3) times as long as carapace,
rostral formula: 5–12+2–6/0–3 (n = 8), teeth small (Fig.
5A). Suborbital angle acute, completely fused with antennal
spine; pterygostomian margin rounded (Fig. 5A). Eyes well
developed with globular cornea, anterior end reaching to 0.6
times length of basal segment of antennular peduncle (Fig.
5A). Antennular peduncle 0.35–0.62 (median 0.49) times as
long as carapace; basal segment 1.38–1.67 (median 1.67)
times as long as second segment, second segment 1.2–1.33
(median 1.33) times as long as third segment (Fig. 5B).
Stylocerite mostly reaching beyond the end of basal segment,
sometimes to the middle of second segment of antennular
peduncle (Fig. 5B). Scaphocerite ovate, reaching beyond
distal end of antennular peduncle, 2.64–3.13 (median 2.73)
times as long as wide (Fig. 5C).

(median 1.5) times as long as wide, 0.75–0.88 (median 0.8)
times length of merus; merus 2.75–3.8 (median 2.78) times
as long as wide, 1.21–1.29 (median 1.25) times longer than
chela, longer than ischium (Fig. 6A). Second pereopod
long, slender, reaching to end of antennular peduncle; chela
2.67–3.09 (median 2.82) times as long as wide, 0.77–0.86
(median 0.78) times length of carpus; tips of fingers rounded,
without hook; dactylus 1.57–1.78 (median 1.67) times as
long as palm; carpus 4.25–5.0 (median 4.89) times as long
as wide, as long as merus; merus 5.0–5.86 (median 5.45)
times as long as wide, longer than ischium (Fig. 6B). Third
pereopod slender, reaching beyond end of scaphocerite by its
dactylus, terminating in one claw, with four or five accessory
spines on flexor margin, dactylus 2.25–2.5 (median 2.47)
times as long as wide (terminal claw and spines on flexor
margin included), propodus 8.4–9.33 (median 8.98) times
as long as wide, 3.89–4.2 (median 4.19) times as long as
dactylus; carpus 4.71–5.54 (median 4.88) times as long as
wide, 0.76–0.83 (median 0.78) times as long as propodus,
0.51–0.58 (median 0.54) times as long as merus; merus
5.56–6.36 (median 6.05) times as long as wide, bearing three
strong, movable spines on posterior margin of outer surface;
ischium with a small spinule (Fig. 6C, D). Fifth pereopod
slender, reaching to end of second segment of antennular
peduncle, dactylus 2.25–2.5 (median 2.47) times as long as
wide (terminal claw and spines on flexor margin included),
terminating in one large claw, with 28–45 spinules on flexor
margin; propodus 11.78–12.57 (median 12.13) times as long
as wide, 4.89–5.3 (median 4.90) times length of dactylus;
carpus 4.0–4.6 (median 4.15) times as long as wide, 0.5–0.57
(median 0.54) times as long as propodus, 0.63–0.66 (median
0.64) times as long as merus; merus 5.06–5.47 (median 5.13)
times as long as wide, bearing 3–4 strong, movable spines
on posterior margin of outer surface (Fig. 6E, F).

Sixth abdominal somite 0.37–0.51 (median 0.46) times
length of carapace, 1.25–1.77 (median 1.4) times as long
as fifth somite, 0.95–1.08 (median 1.0) times length of
telson. Telson length 1.77–1.92 (median 1.91) times as
long as proximal wide, distal margin round with median
projection, with 4–5 pairs of dorsal spinules and one pair
of dorso-subdistal spinules; distal end with four pairs of
spines, lateral pair slightly longer than intermediate pairs
(Fig. 5D, E). Preanal carina high, with few setae, lacking
a spine (Fig. 5F). Uropodal diaeresis with 19–20 movable
spinules, outermost one as long as lateral angle (Fig. 5G).
Incisor process of mandible ending in one row of six irregular
teeth, molar process truncated (Fig. 5H). Lower lacinia of
maxillula broadly rounded, upper lacinia elongated, with a
number of distinct teeth and setae on inner margin, palp short
and stout with few simple setae at tip (Fig. 5I). Upper endites
of maxilla subdivided, palp short, scaphognathite tapering
posteriorly, with numerous long, curved setae at posterior
margin (Fig. 5J). Distal end of palp of first maxilliped
triangular, with a short projection; flagellum of the exopod
very elongated, endopod high, reaching 0.67 times length of
the flagellum of exopod (Fig. 5K, L). Podobranch of second
maxilliped incompletely reduce to a lamina with few fingerlike projections (Fig. 5M). Third maxilliped reaching to end of
antennular peduncle, ending in single terminal claw, exopod
reaching to 0.3 times length of penultimate segment; ultimate
segment as long as penultimate segment (Fig. 5N). Branchial
formula as is typical for genus, five pairs of pleurobranchs
well developed; three pairs of arthrobranchs, two on third
maxillipeds, with second pair strongly reduced in size, one
pair on first pereopod; one pair of podobranchs on second
maxilliped strongly reduced.

Endopod of male first pleopod extending to 0.8 times exopod,
rectangular in shape, anterior region folding backwards,
2.86–3.33 (median 3.09) times as long as proximal width,
inner margin concave, outer margin slightly convex, rounded
distally, long plumose setae on outer and distal margins,
medium-length setae on inner margin; with appendix interna
distinctly exceeding terminal margin of endopod (Fig. 6G,
H). Appendix masculina of male second pleopod slender,
reaching to proximal 0.7 times endopod length, 8.0 times as
long as distal width, rod-shaped, with some short spinules
on outer surface and some long spinules on distal surface;
appendix interna at the middle of appendix masculina,
extending about 0.6 times length of appendix masculina
(Fig. 6I, J).
Habitat. This new species was found in a streamlet with
mixed sand, gravel, and bedrock substratum, and clear
flowing water from the forest (Fig. 7).

Epipod present on first four pereopods. First pereopod short,
robust, reaching the end of basal segment of antennular
peduncle; chela 2.07–2.40 (median 2.2) times as long as wide,
1.45–1.6 (median 1.5) times length of carpus; tips of fingers
rounded, without hook; dactylus 0.75–0.95 (median 0.83)
times as long as palm; carpus excavated anteriorly, 1.31–1.67

Colouration (from a colour photograph taken immediately
after collection). Few irregular small black spots are present
on the ventrolateral parts of the carapace. Five transverse
black stripes which are irregularly broken at five abdominal
somites (Fig. 8).
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Fig. 8. Live colouration of Caridina pacbo, new species.

from Cao Bang province, by its shorter rostrum, reaching
to the middle or close to the end of the basal segment of
the antennular peduncle (vs. reaching to the end of the
third segment of antennular peduncle in C. nguyeni); fewer
number of teeth on the rostrum, armed dorsally with 8–17
teeth including 2–6 teeth on the carapace, ventrally with 0–3
teeth (vs. armed dorsally with 20–25 teeth including 9–12
teeth on carapace, ventrally with 4–6 teeth in C. nguyeni);
and the dactylus of the fifth pereopod bearing 28–45 spinules
on its flexor margin (vs. 25–27 spinules in C. nguyeni) (Figs.
5, 6; cf. Li & Liang, 2002: figs. 1, 2).

Fig. 7. Habitat of Caridina pacbo, new species, in Pac Bo village,
Truong Ha Commune, Ha Quang District, Cao Bang Province.

Etymology. The new species is named ‘pacbo’ after the
type locality name: Pac Bo, Ha Quang, Cao Bang Province,
northeast Vietnam. The name is used as a noun in apposition.

The type locality of C. pacbo, new species, is close to Bama
County, Guangxi Province, China, where C. bamaensis Liang
& Yan, 1983, was described. Caridina bamaensis is similar
to C. pacbo, new species, in the shape of the rostrum and
the endopod of male first pleopod. However, the new species
can be distinguished from C. bamaensis by: the rostrum
sometimes reaching near the end of the basal segment of the
antennular peduncle, with teeth on both dorsal and ventral
margins (vs. not reaching near the end of basal segment of
the antennular peduncle, without teeth on both dorsal and
ventral margins in C. bamaensis); the stylocerite mostly
reaching beyond the end of basal segment of the antennular
peduncle, or sometimes to the middle of second segment of
antennular peduncle (vs. only reaching to the end of basal
segment of the antennular peduncle in C. bamaensis); the
carpus of second pereopod is as long as the merus (vs. longer
than merus in C. bamaensis); and the inner margin of the
endopod of the male first pleopod is slightly concave (vs.
strongly concave in C. bamaensis) (Figs. 5, 6; cf. Liang &
Yan, 1983: figs. 1–10).

Remarks. Phylogenetic analysis of Vietnamese atyid shrimps
indicates that Caridina pacbo, new species, is closest to C.
pseudoserrata Dang & Do, 2007, both described from Cao
Bang Province (see below). Caridina pacbo, new species, can
be distinguished from C. pseudoserrata by these characters:
the rostrum reaches the middle or close to the end of basal
segment of the antennular peduncle (vs. rostrum reaches
middle of second segment of the antennular peduncle in
C. pseudoserrata); the teeth on the rostrum are small (vs.
moderate size in C. pseudoserrata); the chela of the first
pereopod is 2.07–2.40 times as long as wide (vs. 1.8 times
as long as wide in C. pseudoserrata); the dactylus of the
chela is shorter than the palm (vs. equal or slightly longer
than palm in C. pseudoserrata); the chela of the second
pereopod is 2.67–3.09 times as long as wide (vs. 2.25 as
long as wide in C. pseudoserrata); and the appendix interna
distinctly exceeds the terminal margin of the endopod of
the male first pleopod (vs. reaching to anterior margin of
endopod or slightly exceeding it in C. pseudoserrata) (Figs.
5, 6; cf. Dang & Do, 2007a: figs. 1, 2).

Caridina pacbo, new species, also looks similar to another
species, Paracaridina zijinica Liang, 2002, described from
Zijin County, Guangdong, China, in the shape of the rostrum
and the endopod of male first pleopod. However, the new
species differs in the branchial formula being complete with
nine pairs of branchials (vs. branchial formula is incomplete
with eight pairs of branchials, the base of the first pereopod
without arthrobranchiae in P. zijinica), the rostrum possessing
2–6 teeth on the carapace behind posterior margin of orbital
margin (vs. without teeth in P. zijinica), and the teeth on
the rostrum being smaller (vs. moderate size in P. zijinica)
(Figs. 5, 6; cf. Liang, 2002: fig. 3).

Caridina pacbo, new species, can be included in the C. serrata
group because of a long stylocerite extending beyond the
distal end of the basal antennular peduncle, the presence of
dorsal teeth on the carapace, and the endopod of the male
pleopod having a distinctive appendix interna (see Cai &
Ng, 1999). However, C. pacbo, new species, differs from C.
serrata in: the first pereopod chela being 2.07–2.40 times as
long as wide (vs. 2.0 times as long as wide in C. serrata); the
first pereopod merus being 1.21–1.29 times longer than the
chela (vs. as long as chela in C. serrata); and the endopod
of the male first pleopod being 2.86–3.33 times as long as
its proximal width (vs. 2.5 times as long as proximal width
in C. serrata) (Figs. 5, 6; cf. Cai & Ng, 1999: figs. 2, 3).

The shapes of the rostrum, chela of first pereopod, endopod
of male first pleopod, appendix masculina of male second
pleopod, and appendix interna of the new species show
similarities with Caridina cucphuongensis Dang in Dang, Thai
& Pham, 1980. However, compared to C. cucphuongensis,

Caridina pacbo, new species, can be easily distinguished
from C. nguyeni Li & Liang, 2002, which was also described
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Fig. 9. Phylogenetic relationships of Caridina pacbo, new species, and C. tricincta, new species, within Vietnamese atyids, reconstructed
by BI analyses of two mitochondrial gene fragments. Number on branches show, from top, Bayesian posterior probabilities (>0.9) and
ML/MP bootstrap values (>70). An asterisk indicates nodes with full support (1/100/100) in all analyses. The scale bar indicates the
substitution rate. Numbers in brackets refer to the DNA accession number at MfN (MfN DNA Crust). See Table 2 for information on the
sequenced specimens. A, topology based on COI dataset; B, topology based on 16S dataset.

Caridina pacbo, new species, is possibly sister species
to C. pseudoserrata (Fig. 9A). It is well isolated from C.
pseudoserrata with a sequence divergence (p-distance) of
8.7–8.8% (COI), and from all other Vietnamese species in the
dataset by a minimum divergence of 12.2%, supporting that
C. pacbo, new species, is distinct from all examined species.
Genetic distances (uncorrected, p-distance) for the COI and
16S dataset are provided in Tables 3 and 4, respectively.

the new species is easily separated by the shorter rostrum,
which reaches beyond the middle or close to the distal end
of the basal segment of the antennular peduncle (vs. reaching
proximal part to sometimes middle of second segment of
antennular peduncle in C. cucphuongensis); the smaller rostral
teeth (vs. relatively large in C. cucphuongensis); the most
posterior tooth of dorsal rostrum-carapace teeth row being
close to the second most posterior tooth (vs. far from the
second tooth in C. cucphuongensis); the scaphocerite being
2.64–3.13 times as long as wide (vs. 2.50 times as long as
wide in C. cucphuongensis); and the endopod of the male
first pleopod being 2.86–3.33 times as long as proximal width
(vs. 2.5 times as long as proximal width in C. cucphuonensis)
(Figs. 5, 6; cf. Dang et al., 1980: fig. 230).

The phylogenetic trees (Fig. 9) do provide little to no
resolution of the relationships of Vietnamese atyids. Both new
species are represented in the COI tree, while Caridina pacbo,
new species, could not be sequenced for 16S. However, this
was to be expected given the limited taxonomic coverage of
the dataset, and that a phylogeny of Vietnamese atyids has
not been the aim of this paper. Rather, we intended to use a
second independent suite of characters to seek support for the
morphological differences found, in line with an integrative
taxonomy approach (Padial et al., 2010). The trees clearly
show that the two new species described here are distinct
from any of the Vietnamese and Chinese species examined
in our phylogeny (and the species that are not represented
for lack of samples and thus, sequences are morphologically
rather distinct). As outlined in the introduction, no study
on Vietnamese atyids thus far has gone beyond using
morphological data, which makes it – also considering the
lower quality of some older drawings – difficult to reliably
identify species. By providing DNA sequences of two gene
fragments commonly used for species delimitation purposes,
we hope to contribute towards a more sustainable approach
to atyid taxonomy in Vietnam and surrounding areas.

Molecular taxonomy of Vietnamese atyid shrimps. All
sequenced individuals of Caridina tricincta, new species,
cluster within all examined Vietnamese (and Chinese)
atyids, which form a rather distinct clade with some
Chinese species (Fig. 9A, B). Genetic divergence within
and among the three sequenced populations (ZMB 29641,
ZMB 30360, ZMB 30363) (Fig. 9A, Table 2) of C. tricincta,
new species, is rather low with a maximum intraspecific
divergence (p-distance) of 1.5% (COI) and 0.4% (16S),
respectively (Tables 3, 4). In contrast, it is well isolated
from its congeners with a minimum sequence divergence
(p-distance) of 15.1% (COI) and 6.7 % (16S), respectively,
supporting that C. tricincta, new species, is distinct from all
examined species (Tables 3, 4).
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0.088

0.195

[12]

0.168

0.165

0.195

0.195

0.196

0.191

0.164

0.184

0.174

[13]

0.137

0.152

0.147

0.147

0.146

0.140

0.136

0.110

[14]

0.140

0.154

0.143

0.143

0.142

0.137

0.142

[15]

0.135

0.145

0.147

0.147

0.149

0.146

[16]

0.138

0.151

0.012

0.012

0.012

[17]

0.141

0.157

0.003

0.003

[18]

0.140

0.157

0.000

[19]

0.140

0.157

[20]

0.166

[21]

Table 3. Genetic distances (uncorrected, p-distance) based on the COI dataset between the examined Vietnamese and Chinese atyid species examined in the present study. Numbers in brackets ( )
refer to the DNA accession number at MfN (MfN DNA Crust) (See Table 2).
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[1]

0.175

0.180

0.174

0.176

0.193

0.171

0.180

0.193

0.189

0.184

0.179

0.176

0.176

0.161

0.161

0.159

0.159

0.159

0.161

0.188

[1] Atyopsis moluccensis
DQ621281 (222)

[2] Caridina caobangensis
ZMB 30255 (1942)

[3] C. cantonensis
KP168722 (669)

[4] C. clinata
ZMB 31777 (2511)

[5] C. cucphuongensis
31774 (2503)

[6] C. gracilipes
ZMB 30231 (2089)

[7] C. haivanensis
ZMB 30259 (1950)

[8] C. lanceifrons
ZMB 29638 (1954)

[9] C. macrophora
ZMB 30263 (1958)

[10] C. nguyeni
ZMB 30280 (1993)

[11] C. propinqua
ZMB 30260 (1952)
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[12] C. rubropunctata
ZMB 30314 (2061)

[13] C. pseudoserrata
ZMB 30343 (2544)

[14] C. serrata
KP168758 (671)

[15] C. tricincta
ZMB 29641 (1721)

[16] C. tricincta
ZMB 29641 (1722)

[17] C. tricincta
ZMB 30360 (2572)

[18] C. tricincta
ZMB 30360 (2573)

[19] C. tricincta
ZMB 30363 (2576)

[20] Neocaridina palmata
ZMB 30256 (1944)

[21] Paracaridina zijinica
KP168782 (663)

0.104

0.115

0.086

0.086

0.085

0.086

0.086

0.094

0.083

0.089

0.132

0.109

0.141

0.124

0.089

0.147

0.092

0.094

0.113

[2]

0.097

0.107

0.093

0.093

0.095

0.095

0.095

0.082

0.077

0.082

0.124

0.099

0.135

0.120

0.092

0.136

0.110

0.097

[3]

0.079

0.093

0.071

0.071

0.069

0.071

0.071

0.071

0.067

0.071

0.135

0.088

0.123

0.101

0.032

0.131

0.050

[4]

0.088

0.103

0.084

0.084

0.084

0.086

0.086

0.084

0.092

0.077

0.125

0.107

0.121

0.114

0.062

0.135

[5]

0.144

0.133

0.125

0.125

0.123

0.125

0.125

0.148

0.135

0.131

0.139

0.146

0.101

0.131

0.131

[6]

0.075

0.088

0.075

0.075

0.075

0.077

0.077

0.073

0.064

0.069

0.131

0.09

0.118

0.096

[7]

0.109

0.108

0.107

0.107

0.108

0.11

0.11

0.118

0.097

0.103

0.137

0.11

0.118

[8]

0.131

0.125

0.121

0.121

0.12

0.121

0.121

0.136

0.12

0.127

0.129

0.135

[9]

0.11

0.11

0.086

0.086

0.088

0.09

0.09

0.112

0.079

0.094

0.146

[10]

0.122

0.112

0.127

0.127

0.125

0.125

0.125

0.14

0.133

0.12

[11]

0.077

0.082

0.069

0.069

0.067

0.067

0.067

0.056

0.058

[12]

0.082

0.08

0.05

0.05

0.052

0.052

0.052

0.067

[13]

0.077

0.095

0.079

0.079

0.077

0.077

0.077

[14]

0.082

0.082

0.004

0.004

0.002

0

[15]

0.082

0.082

0.004

0.004

0.002

[16]

0.082

0.082

0.002

0.002

[17]

0.084

0.084

0

[18]

0.084

0.084

[19]

0.096

[20]

Table 4. Genetic distances (uncorrected, p-distance) based on the 16S dataset between the examined Vietnamese and Chinese atyid species examined in the present study. Numbers in brackets ( )
refer to the DNA accession number at MfN (MfN DNA Crust) (See Table 2).
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