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Caridina clandestina, new species, an unusual new freshwater shrimp 
(Crustacea: Decapoda: Atyidae) from the remote high elevation Napu 
Valley of Sulawesi, Indonesia

Werner Klotz1*, Thomas von Rintelen2, Annawaty Annawaty3, Daisy Wowor4 & Kristina von Rintelen2

Abstract. Caridina clandestina, new species, a riverine, endemic freshwater shrimp is described from the upper 
reaches of Lariang River watershed at Napu Valley in Central Sulawesi, Indonesia. The species is distinct in 
showing dimorphic chelae on the first and second pereiopods related to different feeding strategies (scraping vs. 
filter feeding) but related to neither sex nor age. Morphologically, this new species is similar to C. longidigita Cai 
& Wowor, 2007 and both morphologically and molecularly closely related to the C. pareparensis species group. 
However, the unusual dimorphic trophic morphology, the morphology of male sexual appendages, and genetic 
results (mtDNA) place the new species within the western Sulawesi clade of Caridina and distinguish the new 
species from all known congeners.
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INTRODUCTION

The Indonesian island of Sulawesi has the highest diversity 
of endemic atyid freshwater shrimps in the Indo-Australian 
Archipelago (IAA). Currently, 43 landlocked (strictly bound 
to freshwater during their entire life cycle) species from 
three genera (Caridina, Marosina, Parisia) are known from 
the island and its satellites (Cai & Ng, 2005; Klotz & von 
Rintelen, 2013; Annawaty & Wowor, 2015; Klotz et al., 
2021). Caridina is the dominant genus with 40 endemic 
species, of which two-thirds (n = 26) are endemic to the 
ancient lakes of the island and their catchments (von Rintelen 
& Cai, 2009; Klotz et al., 2021).

The endemic riverine atyids have received less attention 
than the morphologically and ecologically diverse species 
flocks in the ancient lakes that likely arose in the process 
of adaptive radiation (von Rintelen et al., 2010). Even when 
the lacustrine species flocks are not included, the diversity of 

endemic atyids on Sulawesi is, with 18 landlocked riverine 
species, extraordinarily high compared to that of other large 
islands in the IAA such as Borneo and Sumatra, where no 
landlocked species have been reported so far. The number 
of endemic atyid species described from Sulawesi is still 
underestimated, as large areas of the island, particularly in 
West, Central and Southeast Sulawesi, have been poorly 
sampled if at all. In this study, we present data on the shrimp 
fauna of the remote Napu Valley in Central Sulawesi, an 
alluvial plateau at an altitude of about 1,100 m drained 
southwards by Sulawesi’s longest river, the Lariang River, 
into Makassar Strait (Fig. 1).

In 2005, several specimens of an undescribed species of 
the genus Caridina were collected by the second author 
during fieldwork in the remote Napu Valley on Sulawesi 
(Fig. 1). Male specimens obtained were relatively small 
and less numerous than females. In 2017, a larger number 
of specimens was collected from Napu Valley as part of 
the Indonesian-German IndobioSys project and a research 
collaboration between Universitas Tadulako, Palu, Indonesia, 
and Museum für Naturkunde, Berlin, Germany.

Our study revealed a new species of Caridina that is described 
here. Beyond the taxonomic science involved, the description 
was also linked to a popular science event in choosing the 
name for this species (and three other species from different, 
non-crustacean taxa under the description at the Museum 
für Naturkunde Berlin). A species profile was broadcast by 
Berlin’s local radio station ‘Inforadio vom rbb’ and listeners 
were asked to propose a scientific name (the species epithet). 
Among the 97 suggestions submitted, the species’ name was 
picked as being most suitable for this unusual freshwater 
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Fig. 1. A, map of Sulawesi with the study area framed in red as shown on the detail map (B) of the Napu and Bada Valleys; B, the 
symbols show the sampling locations of Caridina clandestina, new species (black circles), C. sulawesi Cai & Ng, 2009 (white circles), 
C. parvidentata J. Roux, 1904 (square), and C. villadolidi Blanco, 1939 (diamond).

shrimp (see Etymology section). The aim of this event was 
to make people aware of the high number of species yet 
unknown (or at least still undescribed) to science, and to 
let interested citizens participate in taxonomic projects. The 
proposed new species is described herein.

MATERIAL AND METHODS

All samples were obtained in 2005 and 2017 using dip and 
hand nets and preserved using 96% ethanol. The specimens 
were subsequently transferred into 70–80% ethanol for 
long-term preservation. Prior to fixation, life colouration 
was documented in the field by photography using a small 
glass tank and a Nikon D200 camera. All material examined 
is deposited in Museum Zoologicum Bogoriense, Cibinong, 
Indonesia (MZB), and the Museum für Naturkunde (Museum 
of Natural History), Berlin, Germany (ZMB). Indonesian 
words used in the text are Ds. or Desa for village; and Dusun 
for hamlet. The specimens collected by T. von Rintelen, W. 
Klotz, and D. Wowor are abbreviated as T. von Rintelen et 
al., unless otherwise stated. The following abbreviations are 
used: asl = above sea level; CL = carapace length (measured 
from the postorbital margin to the posterior margin of the 
carapace); E = east; ov. = ovigerous; S = south.

Morphological study. Preserved specimens were dissected 
and morphometric data were taken using a BMS 143 Trino 
Zoom dissecting microscope with an ocular grid. Details 
on setae and mouthparts were observed using a Reichert 
Biovar compound microscope. Rostral characters were 
taken from all examined specimens. Drawings were made 
from microphotographs using Adobe Illustrator following 
Coleman (2003, 2006). The setae terminology used mostly 
follows Short (2004).

Molecular study. DNA was extracted from abdominal 
tissue using either a Qiagen Blood and Tissue Kit or a 
Qiagen BioSprint with the Plant Kit (but lysis with 10 ml 
Qiagen Proteinase K (20 mg/ml) added) according to the 
manufacturer’s instructions. Fragments of the mitochondrial 
16S rRNA (16S, ~590 bp) and cytochrome oxidase subunit 
I (COI, 861 bp) genes were amplified by polymerase chain 
reaction (PCR) and sequenced using primers 16S-F-Car and 
16S-R-Car1 (16S), and COI-F-Car and COI-R-Car (COI) 
(von Rintelen et al., 2007), or, for COI only, COI-F-Car 
and COI-R-H16mod3, sometimes in combination with 
COI-F-Car and COI-R-int (Klotz et al., 2021). In the latter 
case, sequencing was done using COI-R-int and COI-R-
H16mod3. Amplifications were conducted in 25 µL volumes 
containing 50–100 ng DNA, 1× PCR buffer, 200 mM of 
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each dNTP, 0.5 mM of each primer, 2 mM MgCl2 and 1 U 
of Taq polymerase. After an initial denaturation step of 3 
min at 94°C, 35 cycles of 30 s at 94°C, 60 s at 45°C (COI) 
or 50°C (16S), and 60 s (16S) or 90 s (COI) at 72°C were 
performed, followed by a final extension step of 5 min at 
72°C. PCR products were sent to Macrogen Europe for 
purification and sequencing of both strands of the amplified 
gene fragments using the primers as given above. Contigs of 
forward and reverse strands were assembled using Geneious 
Prime (v. 2021.2.2) and corrected by eye. All new sequences 
including two amphidromous outgroup taxa from Sulawesi 
have been deposited in GenBank (for accession numbers and 
museum voucher numbers, see Appendix 1). Additionally, 
sequences of endemic species of Caridina published by von 
Rintelen et al. (2007, 2010) and Klotz et al. (2021) have 
been included in the analysis (Appendix 1). Sequences 
were aligned by eye (COI) and with MAFFT (16S) (Katoh 
& Standley, 2013). Models were selected by gene partition 
using W-IQ-TREE (Trifinopoulos et al., 2016; http://iqtree.
cibiv.univie.ac.at) with the default Bayesian Information 
Criterion. Phylogenetic trees were reconstructed by Bayesian 
inference (BI; Huelsenbeck et al., 2001) using MrBayes 
3.2.6 (Ronquist et al., 2012). The MCMC-algorithm was run 
with four independent chains for 20,000,000 generations, 
samplefreq = 500, and burnin = 25%. Maximum likelihood 
analyses were run with IQ-TREE (Nguyen et al., 2015) using 
W-IQ-TREE, and branch support was obtained through the 
implemented ultrafast bootstrap (1,000 replicates; Hoang et 
al., 2018). BI and ML analyses were run using two gene 
partitions with the models specified above (for IQ-TREE, see 
Chernomor et al., 2016). In addition, Maximum Parsimony 
(MP) analyses were performed 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 (1,000 bootstrap replicates with 10 
random sequence addition replicates). Genetic distances were 
calculated using MEGA X (Kumar et al., 2018).

TAXONOMY

Family Atyidae De Haan, 1849

Genus Caridina H. Milne Edwards, 1837

Caridina clandestina, new species
(Figs. 2A–N, 3A–O, 4B, C)

Material examined. Chelae built for filter feeding. 
Holotype: male (CL 5.5 mm) (MZB Cru 5362), Central 
Sulawesi, Poso Regency, Lore Peore District, Ds. Watutau, 
Dusun 1, Napu Valley, Lariang River, 1°33′34.2″S 
120°20′19.0″E, 1089 m asl, coll. T. von Rintelen & W. 
Klotz, 6 May 2017. Paratypes: 8 males (CL 4.0–6.4 mm), 
6 females (CL 3.5–6.0 mm), 2 juveniles (CL 2.7–3.5 mm) 
(MZB Cru 5363), 10 males (CL 5.0–5.6 mm), 1 female (CL 
6.2 mm), 1 juvenile (CL 2.8 mm) (ZMB 30207a), same data 
as holotype; 4 males (CL 4.2–5.3 mm), 3 females (CL 3.7–5.0 
mm) (ZMB 29430a), Central Sulawesi, Poso Regency, Lore 
Timur District, Ds. Maholo at Hambu bridge, Napu Valley, 

Lariang River, 1°29′22.6″S 120°23′10.7″E, 1119 m asl, coll. 
T. von Rintelen & A. Wessel, 7 October 2005; 1 female 
(CL 5.5 mm), 2 ov. females (CL 5.4 mm) (MZB Cru 5364); 
5 males (CL 4.8–5.4 mm), 1 female (CL 5.2 mm), 7 ov. 
females (CL 4.9–5.9 mm) (ZMB 29431), Central Sulawesi, 
Poso Regency, Lore Peore District, Ds. Watutau, Dusun 1, 
Napu Valley, Lariang River, 1°33′34.2″S 120°20′19.0″E, 
1089 m asl, coll. T. von Rintelen, 7 October 2005; 5 males 
(CL 5.0–5.4 mm), 3 females (CL 5.4–6.1 mm), 6 juveniles 
(CL 2.2–3.8 mm) (MZB Cru 5365), 1 juvenile (CL 2.9 mm) 
(ZMB 30203a), Central Sulawesi, Poso Regency, Lore Peore 
District, Ds. Watutau, Dusun 1, Napu Valley, unnamed stream 
feeding to Lariang River, 1°32′07.4″S 120°22′47.6″E, 1125 
m asl, coll. T. von Rintelen et al., 6 May 2017.

Chelae built for scraping. 5 males (CL 4.5–5.3 mm), 3 
females (CL 3.8–5.9 mm), 2 ov. females (CL 5.6–5.8 mm) 
(MZB Cru 5366) (ex. ZMB 29430b); 4 males (CL 4.6–5.3 
mm), 1 female (CL 3.9 mm), 2 ov. females (CL 5.7–5.9 
mm) (ZMB 29430b), Central Sulawesi, Poso Regency, Lore 
Timur District, Ds. Maholo, Napu Valley, Lariang River, 
1°29′22.6″S 120°23′10.7″E, 1119 m asl, coll. T. von Rintelen 
& A. Wessel, 7 October 2005; 1 male (CL 5.6 mm), 2 females 
(CL 5.6–6.1 mm), 2 ov. females (CL 5.7–6.2 mm), 1 loose 
carapax (CL 5.4 mm) (MZB Cru 5367), Central Sulawesi, 
Poso Regency, Lore Peore District, Ds. Watutau, Dusun 1, 
Napu Valley, Lariang River, 1°33′34.2″S 120°20′19.0″E, 
1089 m asl, T. von Rintelen, 7 October 2005; 5 males (CL 
4.7–6.1 mm), 5 females (CL 3.6–6.1 mm), 2 juveniles (CL 
3.1–3.2 mm) (MZB Cru 5368), 2 males (CL 5.7–5.8 mm), 
10 females (CL 3.6–6.3 mm), 3 juveniles (CL 2.7–3.2 mm) 
(ZMB 30207b), Central Sulawesi, Poso Regency, Lore 
Peore District, Ds. Watutau, Dusun 1, Napu Valley, Lariang 
River, 1°33′34.2″S 120°20′19.0″E, 1089 m asl, coll. T. von 
Rintelen & W. Klotz, 6 May 2017; 2 males (CL 4.4–5.0 
mm), 2 females (CL 5.0–6.1 mm), 1 ov. female (CL 6.4 mm) 
(MZB Cru 5369), 13 males (CL 4.5–5.5 mm), 25 females 
(CL 3.4–6.2 mm), 17 juveniles (CL 1.9–3.3 mm) (ZMB 
30203b), Poso Regency, Lore Peore District, Ds. Watutau, 
Dusun 1, Napu Valley, unnamed stream feeding to Lariang 
River, 1°32′07.4″S 120°22′47.6″E, 1125 m asl, coll. T. von 
Rintelen et al., 6 May 2017; 6 males (CL 4.5–5.7 mm), 19 
females (CL 3.2–6.0 mm), 22 juveniles (CL 1.7–3.3 mm) 
(MZB Cru 5370), Central Sulawesi, Poso Regency, Lore 
Timur District, Ds. Maholo at Hambu bridge, Napu Valley, 
Lariang River, 1°29′22.6″S 120°23′10.7″E, 1119 m asl, coll. 
T. von Rintelen & W. Klotz, 6 May 2017.

Description.
Cephalothorax and cephalic appendages. Postorbital 
carapace length 1.7–6.6 mm (median 4.5 mm, n = 212). 
Rostrum (Fig. 2A, B) sigmoidal, dorsal margin with teeth 
placed at the basal part of the rostrum, main part of dorsal 
margin unarmed, teeth on ventral margin placed at about 
mid length of rostrum, overreaching distal margin of the 
scaphocerite in adult specimens, shorter than scaphocerite in 
juveniles, 0.65–1.4 (median 1.04, n = 37) times as long as 
carapace, rostral formula based on 157 specimens 1–4 (2) + 
3–10 (5–7) / 2–16. Antennal spine well separated from inferior 
orbital angle. Pterygostomial angle broadly rounded. Eyes 
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Fig. 2. A, C–N, Caridina clandestina, new species, paratype male filter feeding morph (CL 5.6 mm) (ZMB 30207a), Lariang River, Central 
Sulawesi; B, Caridina clandestina, new species, paratype male short chelae morph (CL 4.7 mm) (ZMB 30203b), Napu Valley, stream, 
tributary of Lariang River, Central Sulawesi. A, cephalothorax and cephalic appendages; B, rostrum; C, telson; D, distal part of telson; E, 
preanal carina; F, uropodal diaeresis; G, antennular peduncle; H, scaphocerite; I, distal part of mandible; J, maxillula; K, maxilla; L, first 
maxilliped; M, palp of first maxilliped; N, second maxilliped. Scale bars: A–C, G–I, K–N = 1.0 mm; D, E, F, J = 0.5 mm.
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well developed with globular cornea. Antennular peduncle 
(Fig. 2A, B, G), 0.74–0.87 (median 0.78, n = 10) times as 
long as carapace in females, 0.85–0.92 (median 0.88, n = 
10) times as long as carapace in apparently adult males, first 
segment 1.36–1.82 (median 1.58, n = 20) times as long as 
second segment, second segment 1.73–2.83 (median 2.0, n 
= 20) times longer than third segment. Stylocerite reaching 
to 0.62–0.78 (median 0.73, n = 16) times of first segment 
of antennular peduncle. Scaphocerite (Fig. 2H) 3.40–4.44 
(median 3.93, n = 17) times as long as wide.

Abdominal somites, telson, and uropods. Sixth abdominal 
somite 0.52–0.67 (median 0.59, n = 23) times carapace 
length, 1.48–2.18 (median 1.89, n = 23) times as long as 
fifth somite, 0.72–0.93 (median 0.85, n = 23) times as long 
as telson. Telson (Fig. 2C, D) 3.29–3.68 (median 3.52, n 
= 4) times as long as proximal wide, distal margin convex 
without a median projection, with two to five pairs of short 
spiniform setae dorsally and one pair of short spiniform setae 
dorsolateral; distal end with four to seven long spiniform 
setae, lateral pair longer than others. Preanal carina (Fig. 
2E) rounded, without a spine. Uropodal diaeresis (Fig. 2F) 
with 10–14 stout movable spiniform setae, outermost ones 
slightly shorter than lateral angle.

Mouthparts and branchiae. Incisor process of mandible 
(Fig. 2I) ending in irregular teeth, molar process truncated. 
Lower lacinia of maxillula (Fig. 2J) subrectangular, upper 
lacinia elongate, with numerous distinct teeth on inner 
margin, palp slender with few pappose setae and one conical 
spiniform seta near tip. Upper endites of maxilla (Fig. 2K) 
subdivided, palp slender, scaphognathite tapering posteriorly, 
fringed with long, curved setae at posterior margin. End of 
palp of first maxilliped (Fig. 2L, M) truncated or ending 
blunt triangular. Podobranch on second maxilliped (Fig. 2N) 
slightly reduced to a lamina with few finger-like extensions 
distal. Third maxilliped (Fig. 3A) with two arthrobranches. 
First pereiopod with an arthrobranch. Pleurobranches present 
on all pereiopods. Epipods well developed on third maxilliped 
and first pereiopod, absent from pereiopods 2 to 5.

Pereiopods. Chelipeds of first and second pereiopods (Fig. 
3B–I) dimorphic, either built for filter-feeding or for scraping. 
Chela of first pereiopod built for filter-feeding (Fig. 3B, 
C) 2.14–3.48 (median 3.09, n = 50) times as long as wide, 
1.32–1.90 (median 1.5, n = 50) times length of carpus; 
tips of fingers (Fig. 3C) rounded, without hooks, with long 
hairs near tip (about as long as dactylus); dactylus 2.47–5.0 
(median 3.03, n = 51) times as long as palm; carpus slender, 
hardly excavated distally, 1.76–2.75 (median 2.24, n = 51) 
times as long as wide, 0.78–1.14 (median 0.96, n = 40) times 
length of merus. Chela of first pereiopod built for scraping 
(Fig. 3D, E) 1.74–2.54 (median 2.11, n = 88) times as long 
as wide, 1.20–1.90 (median 1.57, n = 87) times length of 
carpus; tips of fingers (Fig. 3E) rounded, without hooks, 
with short hairs near tip (distinctly shorter than dactylus), 
dactylus 0.73–2.05 (median 1.24, n = 88) times as long as 
palm; carpus less slender, moderately excavated distally, 
1.29–2.24 (median 1.64, n = 86) times as long as wide, 

0.82–1.46 (median 1.0, n = 71) times length of merus. Merus 
similar in both cheliped types, 1.60–5.83 (median 2.59, n = 
109) times as long as wide, 0.91–1.29 (median 1.0, n = 35) 
times as long as ischium.

Chela of second pereiopod built for filter-feeding (Fig. 3F, 
G) 3.25–6.57 (median 3.56, n = 11) times as long as wide, 
0.89–1.15 (median 1.06, n = 11) times length of carpus; 
tips of fingers (Fig. 3G) rounded, without hooks, with long 
hairs near tip (about as long as dactylus); dactylus 1.96–4.19 
(median 3.16, n = 11) times as long as palm; carpus slender, 
hardly excavated distally, 3.88–4.38 (median 4.24, n = 11) 
times as long as wide, 1.05–1.26 (median 1.13, n = 11) 
times length of merus. Chela of second pereiopod built for 
scraping (Fig. 3H, I) 2.58–3.17 (median 2.88, n = 14) times 
as long as wide, 0.80–0.97 (median 0.89, n = 14) times length 
of carpus; tips of fingers (Fig. 3I) rounded, without hooks, 
with short hairs near tip (distinctly shorter than dactylus), 
dactylus 1.31–2.33 (median 1.66, n = 14) times as long as 
palm; carpus slender, hardly excavated distally, 4.13–5.0 
(median 4.63, n = 14) times as long as wide, 1.19–1.45 
(median 1.31, n = 14) times length of merus. Merus similar 
in both cheliped types, 3.63–4.90 (median 4.06, n = 25) 
times as long as wide, 0.89–1.15 (median 1.0, n = 25) times 
as long as ischium.

Third pereiopod (Fig. 3J, K) stout, dactylus 2.42–4.55 
(median 3.30, n = 23) times as long as wide (terminal claw 
and spiniform setae on flexor margin included), terminating 
in one large claw with 5–10 short spiniform setae on flexor 
margin; propodus stout, slightly curved in adult males, 
6.92–11.0 (median 8.8, n = 23) times as long as wide, 
1.9–3.39 (median 3.09, n = 23) times as long as dactylus; 
carpus 3.72–8.14 (median 4.46, n = 23) times as long as wide, 
0.56–0.77 (median 0.63, n = 23) times as long as propodus; 
merus 5.0–8.89 (median 6.42, n = 23) times as long as wide, 
1.60–2.21 (median 1.89, n = 23) times as long as carpus, 
bearing 2–4 strong spiniform setae on posterior margin of 
outer surface. Ischium without or with one spiniform seta.

Fifth pereiopod (Fig. 3L, M) slender, dactylus 2.2–4.0 
(median 3.7, n = 19) times as long as wide (terminal claw 
and serrate setae on flexor margin included), terminating in 
one large claw with 25–57 serrate setae on flexor margin, 
first serrated seta more stronger than others; propodus 
8.62–10.67 (median 9.66, n = 18) times as long as wide, 
2.63–4.04 (median 2.77, n = 18) times length of dactylus, 
carpus 4.07–5.0 (median 4.44, n = 17) times as long as 
wide, 0.46–0.61 (median 0.54, n = 17) times as long as 
propodus; merus 4.62–9.11 (median 5.71, n = 17) times as 
long as wide, 1.27–1.79 (median 1.54, n = 17) times length 
of carpus, bearing two or three strong spiniform setae on 
posterior margin of outer surface. Ischium without a strong 
spiniform seta.

Pleopods. Endopod of first pleopod (Fig. 3N) in male 
specimens subrectangular, 2.5–3.4 (median 2.8, n = 13) 
times as long as wide, lacking an appendix interna, outer 
margin beset with pappose setae, distal margin beset with 
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Fig. 3. A–C, F, G, J–O, Caridina clandestina, new species, paratype male filter feeding morph (CL 5.6 mm) (ZMB 30207a), Lariang 
River, Central Sulawesi; D, E, H, I, Caridina clandestina, new species, paratype male short chelae morph (CL 4.7 mm) (ZMB 30203b), 
Napu Valley, stream, tributary of Lariang River, Central Sulawesi. A, third maxilliped; B, first pereiopod; C, fingers of first pereiopod; 
F, second pereiopod; G, fingers of second pereiopod; J, third pereiopod; K, dactylus of third pereiopod; L, fifth pereiopod; M, dactylus 
of fifth pereiopod; N, endopod of male’s first pleopod; O, endopod and appendix masculina on second pleopod. Scale bars: A–F, H–J, 
L, N, O = 1.0 mm; G, K, M = 0.5 mm.
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Fig. 4. A, Lariang River, natural habitat of Caridina clandestina, new species; B, colouration of living specimen; C, specimen with chelae 
adapted for filter feeding.
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long simple setae, short simple setae arranged in two rows 
and patches on proximal part of inner margin.

Appendix masculina on male second pleopod (Fig. 3O) 
slender, rod-shaped, 7.25–13.0 (median 11.43, n = 12) times 
as long as wide, 0.47–0.87 (median 0.77, n = 12) with short 
strong spiniform setae on inner and distal margin, few long 
spiniform setae on basal part, appendix interna reaching to 
0.57–1.06 (median 0.61, n = 12) of appendix masculina.

Colouration. Brownish to blueish with some weak white 
transversal bands on abdominal tergites, eggs brownish 
(Fig. 4B, C).

Reproductive biology and larval development. Ovigerous 
females with few eggs (n = 31 for one female). Size of 
undeveloped eggs (early-stage embryos without eyespot) 
1.30 × 0.91 mm, size of developed eggs (late-stage embryos 
with eyes) 1.37 × 0.78 mm. Number and large size of eggs 
are indicative of completely suppressed larval development 
as defined by Lai & Shy (2009).

Ecology. Caridina clandestina, new species, is a highland 
species which is found around 1,100 m asl. So far, the 
new species is known to inhabit the upper part of Lariang 
catchment, the main Lariang River and the tributaries (Fig. 
1B). The water current is moderately fast. During the 2017 
sampling, the river water was murky and fast due to heavy 
rain the night before sampling day. Both sides of the river 
and the tributary banks were covered by tall grass and plants 
(Fig. 4A). The shrimps were hiding among the roots of the 
grass in the parts where water current was not strong.

No observation of the shrimps in their natural habitat was 
possible during the field trips. However, it was remarkable 
that both morphs were found in sympatry at most of the 
collection sites. During the 2017 fieldwork, the species was 
very abundant at all sites and was found together with the 
landlocked species Caridina sulawesi Cai & Ng, 2009 and 
Caridina parvidentata J. Roux, 1904 (Figs. 1B, 7) as well 
as the amphidromous species Caridina villadolidi Blanco, 
1939. The new species is certainly landlocked given its large 
egg size and its rather restricted occurrence not extending to 
the lower reaches of the Lariang River in the Bada Valley 
(Fig. 1B).

Distribution. Endemic to Sulawesi, and only known from 
the upper reaches of the Lariang River watershed in the 
Napu Valley of Central Sulawesi (Figs. 1, 4A).

Etymology. The new species name clandestina (Latin, 
nominative feminine singular for ‘clandestinus’, meaning 
secret, concealed) was proposed by Martin Rümmler, Berlin, 
Germany. His suggestion was picked as being most suitable 
for this unusual species, among almost 100 other suggestions 
given by radio listeners (see Introduction). The name refers 
to its previously well-hidden occurrence in a double sense – 
occurring only in a small remote area and thus not collected 
until 2005, and the two existing morphs of this species that 

were only recently discovered.

Common name. Secret Sulawesi Shrimp.

Remarks. Caridina clandestina, new species, is the first 
species of the genus Caridina showing a dimorphism of 
chelipeds. Among atyids, so far dimorphic chelipeds have 
only been described in two genera, i.e., Atyoida Randall, 
1840 (Chace, 1983) and Halocaridinides Fujino & Shokita, 
1975. In the genus Atyoida, the cheliped morphology might 
be either dimorphic such as in A. pilipes (Newport, 1847) or 
polymorphic such as in A. bisulcata Randall, 1840 and A. 
serrata (C.S. Bate, 1888). This is due to their protandrous 
nature (Chace, 1983).

Dimorphic chelae were also recently described in 
Halocaridinides socotraensis Fransen & Van Damme, 2018. 
In contrast to the proposed new species, chela morphometry 
in H. socotraensis is continuous, and the two extreme ends 
of the morphometric spectrum are observed in the authors’ 
drawings (Fransen & van Damme, 2018: figs. 6, 10, 11). In 
C. clandestina, new species, cheliped morphology is neither 
related to sex (Fig. 5A) nor size (Fig. 5B) and thus might 
be driven by microhabitat usage. Long versus short fingers 
and brushes of cheliped, and length to width ratio of carpus 
of first cheliped might also be considered as morphometric 
extremes in a single variable form. However, a scatterplot 
analysis clearly shows two distinct morphs without overlap 
(Fig. 5A).

With slender chelipeds adapted for filter-feeding, C. 
clandestina, new species, is similar to C. longidigita Cai & 
Wowor, 2007 from Lake Poso, and the two species also share 
a similar rostrum morphology. However, they can be easily 
differentiated by the sexual appendages: the endopod of first 
pleopod of males is subrectangular with conspicuous setae on 
all margins in C. clandestina (Fig. 3N), but triangular with 
a few setae in C. longidigita (Cai & Wowor, 2007: fig. 5G). 
The appendix masculina on the second pleopod of males is 
much more slender, beset with strong short spiniform setae in 
the new species (Fig. 3O), but much less developed with few 
long spiniform setae distal in C. longidigita (Cai & Wowor, 
2007: fig. 5H). Specimens of both sexes can be differentiated 
by the preanal carina which is rounded in C. clandestina 
(Fig. 2E), but with a prominent spine in C. longidigita (Cai 
& Wowor, 2007: fig. 4K). Dimorphic chelipeds have never 
been found in the latter species.

The male sexual appendages of C. clandestina, new species, 
resemble those of C. pareparensis species group, but can 
be distinguished from C. pareparensis De Man, 1892, C. 
parvidentata J. Roux, 1904, C. sulawesi Cai & Ng, 2009, 
and C. leclerci Cai & Ng, 2009, by the long, sigmoid rostrum 
unarmed in the distal half of dorsal margin (vs. short, either 
unarmed or with few dorsal teeth placed alongside the rostrum 
until close to the tip). Furthermore, C. clandestina can be 
distinguished from these species by lacking a prominent 
sexual dimorphism on the dactylus and propodus of the 
third pereiopod (vs. showing a remarkable dimorphism with 
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Fig. 5. A, scatterplot analysis of chelae morphology in both forms of Caridina clandestina, new species; B, chelae morphology in both 
forms of Caridina clandestina is not related to size of specimens.
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Fig. 6. Molecular phylogeny of all described endemic species of Caridina from Sulawesi. Topology based on BI analysis of concatenated 
dataset of two mitochondrial gene fragments (16S and COI). Numbers on branches are, from the top, Bayesian posterior probabilities (>0.9) 
and ML/MP bootstrap values (>70). An asterisk indicates nodes with full support (1/100/100). The scale bar indicates the substitution rate.
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numerous curved spiniform setae at the inner margin of the 
propodus in males). Although the general morphology of 
the proposed new species is closer to the lacustrine species 
from Lake Poso and the Malili lake system, the morphology 
of the sexual appendages places the species close to the C. 
pareparensis species group.

This finding is also supported by the molecular phylogenetic 
data. Caridina clandestina, new species, is recovered as a 
distinct and highly supported clade that is basal within the 
equally well-supported C. pareparensis species group (Fig. 
6). The new species differs from all other species in the C. 
pareparensis species group by a p-distance of at least 10.8% 
in COI and 3.8% in 16S. Caridina clandestina, new species, 
is subdivided into two moderately distinct subclades, of 
which only one has any support. The maximum p-distance 
is 2.8% in COI and 0.9% in 16S between the subclades, 
which match neither the two cheliped morphs nor geography.
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APPENDIX

Appendix 1. Sample provenience and accession numbers.

Species (museum 
accession numbers & 
lab code)

Locality
Sequence accession numbers

Source
16S COI

Caridina acutirostris
ZMB 29439-1 (350)

Central Sulawesi: 
Tonusu towards Siuri AM747637 AM747728 von Rintelen et al. (2007a)

C. boehmei
ZMB 29308-1 (180)

Central Sulawesi: 
Stream, tributary of 

Puawu River
FM202035 FM201892 von Rintelen et al. (2010)

C. caerulea
ZMB 29207-1 (461)

Central Sulawesi:
Lake Poso AM747650 AM747732 von Rintelen et al. (2007a)

C. clandestina, new 
species
MZB Cru 5365-1 (1768)
MZB Cru 5367-1 (1909)
MZB Cru 5367-2 (1929)
ZMB 29430a-1 (1760)
ZMB 29430b-1 (334)
ZMB 29431-1 (324)
ZMB 29431-2 (325)
ZMB 30203a-1 (1903)
ZMB 30203a-2 (1932)
ZMB 30203a-3 (1927)
ZMB 30203b-1 (1893)
ZMB 30203b-2 (1901)
ZMB 30203b-3 (1896)
ZMB 30203b-4 (1923)
ZMB 30207a-1 (1913)
ZMB 30207a-3 (1921)
ZMB 30207a-4 (1925)
ZMB 30207b-1 (1906)
ZMB 30207b-2 (1911)
ZMB 30207b-3 (1919)
ZMB 30207b-4 (1916)

Central Sulawesi: Napu 
Valley, Lariang River

OQ185475
OQ185473
OQ185474
OQ185472
OQ185476
OQ185477
OQ185477
OQ185479
OQ185480
OQ185481
OQ185482
OQ185483
OQ185484
OQ185485
OQ185486
OQ185487
OQ185488
OQ185489
OQ185490
OQ185491
OQ185492

OQ186042
OQ186043
OQ186044
OQ186045
OQ186046
OQ186047
OQ186048
OQ186049
OQ186050
OQ186051
OQ186052
OQ186053
OQ186054
OQ186055
OQ186056
OQ186057
OQ186058
OQ186059
OQ186060
OQ186061
OQ186062

This study
(holotype & paratypes)

C. dennerli
ZMB 29024-14 (78)

South Sulawesi: Lake 
Matano FM201974 FM201836 von Rintelen et al. (2010)

C. ensifera
ZMB 28058-1 (1181)

Central Sulawesi:
Lake Poso MT769143 MT769198 Klotz et al. (2021)

C. fusca
ZMB 30223-1 (1900)

Central Sulawesi:
Lake Poso MT769151 MT769205 Klotz et al. (2021)

C. glaubrechti
ZMB 29053-1 (34)

South Sulawesi:
Lake Towuti EF432601 EF432628

von Rintelen et al. (2007b, 
as Caridina sp. 1)

C. gracilipes
ZMB 30733-1 (2212)

Southeast Sulawesi:
Lembo River OQ185493 OQ186063 This study

C. holthuisi
ZMB 29036-1 (9)

South Sulawesi:
Lake Towuti FM201951 FM201819 von Rintelen et al. (2010)

C. jeani
ZMB 30708-1 (2235)

Central Sulawesi:
River at road Malino to 

Watambayoli
OQ185510 OQ186078 This study

C. lanceolata
ZMB 29033a-2 (5)

South Sulawesi:
Lake Towuti FM201916 FM201794 von Rintelen et al. (2010)

C. laroeha
ZMB 29297-1 (152)

South Sulawesi: Small 
tributary of Cerekang 

River
AM747692 AM747781 von Rintelen et al. (2007a)
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Species (museum 
accession numbers & 
lab code)

Locality
Sequence accession numbers

Source
16S COI

C. lilianae
ZMB 29807-1 (1130)

Central Sulawesi:
Lake Poso MT769154 MT769208 Klotz et al. (2021)

C. lingkonae
ZMB 29208-1 (192)

South Sulawesi:
Lake Mahalona FM201934 FM201807 von Rintelen et al. (2010)

C. loehae
ZMB 29066-1 (61)

South Sulawesi:
Lake Matano FM201937 FM201810 von Rintelen et al. (2010)

C. longidigita
ZMB 28061-1 (1179)

Central Sulawesi:
Lake Poso MT769159 MT769213 Klotz et al. (2021)

C. mahalona
ZMB 29067-2 (141)

South Sulawesi:
Lengkona River FM201995 FM201854 von Rintelen et al. (2010)

C. masapi
MZB Cru 1696-1 (33)

South Sulawesi:
Lake Towuti OQ185494 OQ186064 This study

C. mayamareenae
ZMB 30709-1 (2237)

Central Sulawesi:
Lake Poso MT769171 MT769226 Klotz et al. (2021)

C. opaensis
ZMB 29008-1 (226)

Southeast Sulawesi:
Benua River MT769179 MT769233 Klotz et al. (2021)

C. parvula
ZMB 29108-2 (175)

South Sulawesi:
Lake Towuti FM201971 FM201834 von Rintelen et al. (2010)

C. pareparensis
ZMB 29088-1 (53)

South Sulawesi: Maros 
karst OQ185495 OQ186065 This study

C. parvidentata
ZMB 30205-1 (1904)
ZMB 30205-2 (1915)

Central Sulawesi, Napu 
Valley OQ185496

OQ185497
OQ186066
OQ186067

This study

C. poso
ZMB 28063-1 (1177)

Central Sulawesi: Lake 
Poso MT769180 MT769234 Klotz et al. (2021)

C. sarasinorum
ZMB 28057-1 (1183)

Central Sulawesi:
Lake Poso MT769185 MT769240 Klotz et al. (2021)

C. schenkeli
ZMB 29254-1 (122)

Central Sulawesi:
Poso River AM747710 AM747778 von Rintelen et al. (2007a)

C. spinata
ZMB 29056-1 (41)

South Sulawesi:
Lake Towuti FM202040 FM201897 von Rintelen et al. (2010)

C. spongicola
ZMB 29027a-13 (65)

South Sulawesi:
Lake Towuti EF432594 EF432621 von Rintelen et al. (2007b)

C. striata
ZMB 29298-1 (165)

South Sulawesi:
Lake Towuti EF432585 EF432612 von Rintelen et al. (2010)

C. sulawesi
ZMB 29483-1 (328)
ZMB 29484-1 (331)
ZMB 29485-1 (333)
ZMB 29486-1 (330)
ZMB 30219-1 (1924)
ZMB 30213-1 (1908)
ZMB 29143-1 (314)
ZMB 29482-1 (319)
ZMB 29590-1 (318)
ZMB 30221-1 (1930)

Central Sulawesi: Napu 
Valley

Bada Valley
Bada Valley & Malei 

River

OQ185501
OQ185503
OQ185498
OQ185505
OQ185508
OQ185507
OQ185499
OQ185500
OQ185506
OQ185509

OQ186071
OQ186072
OQ186068
OQ186073
OQ186076
OQ186075
OQ186069
OQ186070
OQ186074
OQ186077

This study

C. tenuirostris
ZMB 29040-2 (91)

South Sulawesi:
Lake Mahalona FM202046 FM201901 von Rintelen et al. (2010)

C. woltereckae
ZMB 29052-1 (35)

South Sulawesi:
Lake Towuti EF432607 EF432607 von Rintelen et al. (2007b)


