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A New and Unique Species of Ricefish (Teleostei: Adrianichthyidae: Oryzias)
from the Lariang River Basin, Sulawesi, Indonesia, and the First Known
Sympatric Ricefish Species Pair from Sulawesi Rivers

Ichthyology & Herpetology 113, No. 1, 2025, 61-74

Jan Méhring', Daniel F. Mokodongan?, Abdul Gani®, Daisy Wowor?, Annawaty®,

Astrid Bohne!, and Fabian Herder!

A majority of ichthyological research on Sulawesi is focused on the island’s ancient lakes, whereas many, even large,
river systems remain unstudied. This is particularly true for the Lariang River in the central highlands of Sulawesi, the
island’s longest river with the largest drainage basin. Recent collection efforts there revealed a previously unknown
species of ricefish (Teleostei: Adrianichthyidae: Oryzias), which is described herein. It is distinguished from its conge-
ners by its high, non-overlapping scale count in lateral series. Interestingly, it occurs in sympatry with another
recently described ricefish species. A phylogenetic analysis based on mitochondrial ND2 gene sequences recovered
both species as sister lineages, making them the first known case of a riverine species pair in this family. The new spe-
cies is further separated from its close relatives because it is a transfer-brooding species within a clade of pelvic-brood-
ing species, suggesting a secondary reversal of reproductive modes. Possibly related to this, it also has the most
pronounced rheophilic ecology of all known ricefish species. This discovery highlights the diversity of evolutionarily
derived lineages found on Sulawesi and stresses the importance of additional explorative surveying to record it.

few lineages of freshwater fishes that radiated on the

isolated Indonesian island Sulawesi (Miesen et al.,
2016; Hilgers and Schwarzer, 2019). Located in the zoo-
geographic transition zone Wallacea, dispersal from
Oriental and Australasian regions shaped the island’s bio-
diversity (Stelbrink et al., 2012). Given that seawater con-
stitutes an effective barrier to the dispersal of most
freshwater organisms, the island’s inland ichthyofauna is
dominated by species which evolved from marine ancestors
or require access to marine waters at some stage in their life
cycle (Kottelat, 2013; Miesen et al., 2016). Apart from the
ricefishes, only halfbeaks (Zenarchopteridae), sailfin silver-
sides (Telmatherinidae), and a few lineages of gobies (e.g.,
Glossogobius, Gobiidae; Mugilogobius, Oxudercidae) have
radiated within Sulawesi freshwaters.

Ricefishes are the most species rich of the Sulawesi fresh-
water fish radiations. Currently, 24 species are recognized
as endemic to the island, classified into two genera: Oryzias
(20 species) and Adrianichthys (4 species; Fricke et al., 2024;
see Parenti, 2008 for a systematic review). Together, they
comprise more than half of all known ricefish species,
despite Sulawesi constituting only a small fraction of the
total distribution area of the family, ranging from Japan to
the Indian subcontinent (Parenti, 2008; Hilgers and
Schwarzer, 2019). Evolutionary drivers of ricefish diversifi-
cation on Sulawesi remain only partially understood, but
geological complexity and ecological opportunities, i.e.,

r I \ HE ricefish family (Adrianichthyidae) is among the

available ecological niches due to the presence of diverse
habitats and reduced competition as a consequence of the
island’s depauperate freshwater ichthyofauna, appear highly
plausible. A notable evolutionary development among some
of the Sulawesi ricefishes can be seen in pelvic brooding, a
derived reproductive mode where females carry clusters of
fertilized eggs until the fry hatch (e.g., Spanke et al., 2021;
Flury et al., 2023).

Ichthyological research in Sulawesi has focused to a sub-
stantial degree on the island’s ancient lakes with their spec-
tacular endemism and radiations (Whitten et al., 2001;
Vaillant et al., 2011; von Rintelen et al., 2012; Miesen et al.,
2016), while many river drainages remained scientifically
unexplored. However, new species of ricefishes were increas-
ingly reported from lotic waters, with six such species
described since 2010 (Parenti and Hadiaty, 2010; Herder
et al., 2012; Parenti et al., 2013; Mandagi et al., 2018; Utama
et al., 2022).

The Lariang River is the largest river of Sulawesi in terms
of both its total length (~300 km) and its catchment size
(>7,000 km?). Discharging into the Strait of Makassar, it
drains a substantial area west of Lake Poso in Central Sula-
wesi (Sulawesi Tengah and Sulawesi Barat Provinces). As
most of the basin is located in remote and very sparsely pop-
ulated mountain regions (Overseas Technical Cooperation
Agency, Government of Japan [JICA], 1971), the aquatic
fauna of the Lariang River system remained largely unex-
plored. Still, from a faunistic perspective, it may represent a
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hotspot for locally endemic species, as exemplified by the
description of an unusual species of Caridina restricted to
the portion of the drainage located in the Napu Valley
(Klotz et al., 2023). Additional new aquatic species are likely
to be discovered, as only a low number of sampling loca-
tions have been visited so far in the drainage.

During recent expeditions to the remote valleys of Bada
and Napu, two alluvial or lacustrine highland plains
drained by the Lariang River (JICA, 1971; Klotz et al.,,
2023), we recorded the recently described pelvic-brooding
Oryzias kalimpaaensis and a sympatric transfer-brooding
species of Oryzias that is described herein. These species
were retrieved in a phylogenetic sister relationship and
thus constitute the first known case of a sympatric riverine
species pair among Sulawesi ricefishes. The phylogenetic
relationships and ecology of these fishes are discussed,
complemented by brief notes on the possible relationship
to a fossil species.

MATERIALS AND METHODS

Specimens were collected between August and September
2023 using a beach seine, frame net, or DC electrofishing
unit (EFGI 650, Bretschneider Spezialelektronik, Germany),
and euthanized in a clove oil solution at a concentration of
~0.1 ml clove oil per of liter water. They were subsequently
fixed in 6-10% formalin, and afterward transferred to 70%
ethanol for storage, or directly stored in 96% ethanol if
specimens died before euthanization. A clip of the right pec-
toral fin was taken prior to fixation as a tissue sample for
DNA extraction and stored in 96% ethanol. Meristic counts
and morphometric measurements followed Kottelat (1990a)
and Parenti and Soeroto (2004). Point-to-point measure-
ments of all formalin-fixed specimens were taken with a dig-
ital caliper to the nearest 0.1 mm. For each specimen,
morphometric measurements were converted to percentage
of standard length (SL), except for measurements of head
characters (snout length, eye diameter, interorbital width),
which were converted to percentage of head length (HL).
Following the value range obtained from the specimens,
mean values are specified in brackets. For meristic charac-
ters, median values are specified in brackets following their
range. Specimens were compared to all known Sulawesi spe-
cies of Oryzias, with emphasis on those from Central and
South Sulawesi. Osteological characteristics were examined
using p-CT scans (Skyscan 1173, Bruker, USA; Source Voltage
68 kV, Source Current 117 pA, Exposure 500 ms, Rotation
Steps 0.3°) of selected specimens. Reconstructions of p-CT
scans were visualized in the FIJI extension for Image]J (Schin-
delin et al., 2012).

A molecular phylogeny was reconstructed using sequences
of the mitochondrial ND2 gene coding for the NADH dehy-
drogenase 2 protein. DNA was extracted using MagAttract
HMW DNA kits (QIAGEN, Germany), and target amplification
followed Mokodongan and Yamahira (2015). Sanger sequenc-
ing was performed at BGI Genomics, China. Base-calling
checks of chromatograms and sequence alignment were per-
formed in MEGA X version 10.2.2 (Kumar et al., 2018). Align-
ments were augmented with published MT-ND2 sequences of
related species from Mokodongan and Yamahira (2015), Hor-
oiwa et al. (2021), Gani et al. (2022), and Utama et al. (2022),
as well as selected mitochondrial genomes. Using a maximum
likelihood analysis approach, we reconstructed a phylogenetic
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topology including all available species of Oryzias from Sula-
wesi and several non-Sulawesi species of Oryzias as outgroups,
as well as a more reduced phylogeny including only species
belonging to the Western Central Sulawesi clade (Mokodon-
gan and Yamabhira, 2015). Maximum likelihood phylogenetic
reconstruction as well as substitution model testing were per-
formed in IQ-Tree version 2.2.2.7 (Minh et al.,, 2020),
which identified GTR+F+I1+G4 as the best-fitting model
according to BIC using ModelFinder integrated into IQ-
Tree 2. For the phylogeny reconstruction, 1,000 bootstrap
replicates were calculated. The sequence data generated
herein are deposited in NCBI GenBank under accession
numbers PQ219720-PQ219761.

Limited and often imprecise baseline data were available
on the watersheds within the geographic regions in ques-
tion. Due to this constraint, hydrology was analyzed and
interpreted with QGIS Desktop 3.28.12 using DEM data
(SRTM 1 Arc-Second Global) obtained from USGS Earth-
Explorer (downloaded from https://earthexplorer.usgs.
gov).

Specimens are deposited in zoological collections, insti-
tutional abbreviations follow Sabaj (2020). Holotype and a
paratype series are deposited at MZB, BRIN in Bogor, Indo-
nesia, and paratype series deposited at ichthyological col-
lections of Museum Koenig Bonn, LIB, Germany. Some
living specimens of the new species, as well as O. kalim-
paaensis, from the Bada Valley were acquired through
aquarium trade imports to Germany, allowing for aquar-
ium observations on reproductive ecology and documenta-
tion of live coloration.

Oryzias polylepis, Mohring, Mokodongan, and Herder,
new species
urn:lsid:zoobank.org:act:11C003DB-6CE2-4358-B7D4-
93D0869B335F

Figures 1-4, Table 1

Holotype—MZB 28041, 46.7 mm SL (male), Lariang River
near Lengkeka Village, Bada Valley, District Lore Barat, Poso
Regency, Sulawesi Tengah, 01°52/38.05”S, 120°12'8.83"E,
752 m MSL, J. Mohring, F. K. Lakiu, and M. Mejia Estrada,
15 August 2023 (Figs. 1A, 2).

Paratypes—MZB 28042-28048, 32.7-46.2 mm SL (4 males,
3 females), same metadata as holotype, except collected 14—
15 August 2023; MZB 28049-28052, 34.8-39.5 mm SL (4
females), Malei River at Gintu Village, Bada Valley, District
Lore Selatan, Poso Regency, Sulawesi Tengah, 01°53'13.95"S,
120°14'6.25"E, 760 m MSL, F. Herder and D. F. Mokodon-
gan, 21 September 2023; ZFMK ICH-136000-136007, 35.3—
52.5 mm SL (5 males, 3 females), same metadata as holo-
type, except collected 14-15 August 2023.

Non-type material —MZB 28053-28054, 38.7-44.4 mm SL (2
males), Lariang River, Watutau Village, Napu Valley, District
Lore Peore, Poso Regency, Sulawesi Tengah, 01°33'34.53"S,
120°20'16.96"E, 1,084 m MSL, J. Mohring, A. Gani, Z. Jusman,
and D. F. Mokodongan, 30 September 2023; MZB 28055-
28069, 35.8-45.3 mm SL (4 males, 11 females), Pembangu
River, Watutau Village, Napu Valley, District Lore Peore, Poso
Regency, Sulawesi Tengah, 01°33/51.41”S, 120°20'33.00"E,
1,085 m MSL, J. Mohring, A. Gani, Z. Jusman, and D. FE. Moko-
dongan, 30 September 2023; ZFMK ICH-136008-136022,


https://earthexplorer.usgs.gov
https://earthexplorer.usgs.gov

Mohring et al.—New ricefish species from the Lariang River

Preserved specimens of Oryzias polylepis. (A) MZB 28041, holotype, male (46.7 mm SL) and (B) MZB 28047, female (40.8 mm SL), both

from Lariang River, Bada Valley, Poso Regency, Central Sulawesi; (C) MZB 28059, male (41.9 mm SL) and (D) ZFMK ICH-136027, female
(42.7 mm SL) specimens from Pembangu River, Napu Valley, Poso Regency, Central Sulawesi.

37.7-49.3 mm SL (8 males, 7 females), same metadata as holo-
type, except collected 14 August 2023, pres. 96% ethanol;
ZFMK ICH-136023, 39.3 mm SL, male, Lariang River, Watutau
Village, Napu Valley, District Lore Peore, Poso Regency, Sula-
wesi Tengah, 01°33'34.53”S, 120°20'16.96"E, 1,084 m MSL,
J. Mohring, A. Gani, Z. Jusman, and D. E. Mokodongan, 30
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September 2023; ZFMK ICH-136024-136039, 32.2-47.1 mm
SL (4 males, 12 females), Pembangu River, Watutau Village,
Napu Valley, District Lore Peore, Poso Regency, Sulawesi
Tengah, 01°33'51.41”S, 120°20’33.00"E, 1,085 m MSL,
J. Mohring, A. Gani, Z. Jusman, and D. F. Mokodongan, 30
September 2023.
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Fig. 2. (A) Holotype (MZB 28041) immediately after euthanization
(image flipped horizontally to match comparison standards) and (B)
maximum intensity projection of p-CT reconstruction of holotype.

Diagnosis.—Oryzias polylepis is distinguished from all other
known species of Oryzias, as well as all species of Adrianichthys
except A. poptae, by its high number of scales in the lateral
series (79-93 vs. <75; Parenti, 2008). It differs from A. poptae
by its substantially smaller adult standard length (52 mm vs.
190 mm SL) and in having a substantially shorter snout (6.8-
9.3 vs. 13.0-17.0) with superior and small mouth, vs. elon-
gated snout with large terminal mouth in A. poptae.

Among the Sulawesi-endemic ricefish species, O. polylepis
is further distinguished from O. asinua, O. celebensis, O. dop-
ingdopingensis, O. hadiatyae, O. landangiensis, O. matanensis,
O. soerotoi, O. wolasi, and O. woworae by the number of dor-
sal-fin rays (11-13 vs. <11; Parenti, 2008; Herder and Cha-
puis, 2010; Parenti and Hadiaty, 2010; Parenti et al., 2013;
Mokodongan et al., 2014; Mandagi et al., 2018; Utama
et al., 2022). From O. eversi, it differs in the number of anal-
fin rays (19-23 vs. 17-18; Herder et al., 2012) and pectoral-
fin rays (11-14 vs. 10). It is distinguished from geographi-
cally close endemic pelvic-brooding species of Lake Lindu,
O. bonneorum and O. sarasinorum, by having fewer principal
caudal-fin rays (i,4/5,i vs. 1,5/6,i; Parenti, 2008) and a
shorter head (23.1-26.4 vs. 29.0-32.0). It differs from sym-
patric O. kalimpaaensis by having a shorter head (23.1-26.4
vs. 30.6-33.2; Gani et al., 2022) and larger eyes relative to
head length (32.6-40.7 vs. 26.3-29.6). Lacustrine species
occurring in Lakes Mahalona, Lantoa, and Towuti, O. loxole-
pis, O. marmoratus, and O. profundicola, possess deeper bod-
ies (15.2-21.4 vs. 24.8-35.2; Parenti, 2008; Kobayashi et al.,
2023) and a truncate or round instead of lunate caudal-fin
edge (Figs. 1-4). The Oryzias endemic to Lake Poso, O. nebu-
losus, O. nigrimas, and O. orthognathus, all differ from O. poly-
lepis by their greater predorsal length (67.2-70.6 vs. 73.0-
79.8; Parenti, 2008).

Oryzias polylepis differs in life coloration from all other
Oryzias, except O. sarasinorum, by the presence of a broad
reflective silver lateral band extending from the pectoral
fin to the end of the caudal peduncle. The presence of a
series of dark blotches along the lateral line in males distin-
guishes O. polylepis from all other Sulawesi species except
O. bonneorum, O. dopingdopingensis, O. landangiensis, and O.
matanensis (Parenti, 2008; Mandagi et al., 2018; Utama
et al., 2022).
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Description—A medium to large Oryzias, maximum length
recorded 52.5 mm SL. Body cigar-shaped and elongated,
anterior body section cylindrical, posteriorly more laterally
compressed (Figs. 1-4). Mouth superior, lower jaw enlarged
and protruding far beyond upper jaw. Mouth gape oblique
and conspicuously deep (Fig. 2B). Jaws with villiform teeth
which are largest in anterior two-thirds of dentary; males
with large external conical teeth on upper and lower lips,
especially near joints; frequently also with enlarged canini-
form teeth on upper and lower jaw tips. Snout length short
to medium (26.3-37.6 [32.4]), eyes relatively large (32.6-
40.7 [35.9]), especially in relation to short head (23.1-27.3
[25.1]). Dorsal profile straight without arch, ventral profile
moderately convex, no defined ventral concavity as in pel-
vic-brooding species. Caudal peduncle long (17.1 21.1
[18.8]). Pelvic-fin insertion between fourth and fifth pleural
rib (Fig. 2B).

Scales are remarkably small and numerous; scale shape
varies from cycloid to ellipsoid, with shape changing allomet-
rically, i.e., largest specimens had most vertically stretched
ellipsoid scales; not as deciduous as in other congeners. Males
with elongated dorsal- and anal-fin rays, relatively small gaps
between fin-ray tips and fin-membrane edges (Fig. 4). Long
caudal peduncle creating a large gap between end of dorsal-
and anal-fin tips and caudal base. Anal-fin shape in females
obtuse trapezoid with rounded tips (Figs. 1B, D, 3B, C); males
with disproportionally longer anterior anal-fin rays, giving fin
edge a concave appearance (Figs. 1A, C, 2—-4). Anal and dorsal-
fin rays in females comparatively short. Median pelvic-fin rays
connected to ventral body by a membrane along about one-
fourth to one-third of its length. Caudal-fin edge lunate; pro-
current caudal-fin rays long and numerous (5-10/7-11 [7/9]),
extending relatively far back onto caudal peduncle, dorsally
ending between spinae tips of second- and third-last and ven-
trally between third- and fourth-last vertebrae (Fig. 2B).

Dorsal-fin rays 11-13 [12]. Anal-fin rays 20-23 [21]. Pel-
vic-fin rays 6-7 [7]. Pectoral-fin rays 11-14 [13]. Principal
caudal-fin rays i,4,5,i. Procurrent caudal-fin rays dorsally 5-
10 [7], ventrally 7-11 [9]. Scales in lateral series 79-93 [85].
Vertebrae 30. Branchiostegal rays 5.

Color in life—General body coloration grayish brown with
slight olive-green hue (Figs. 2-4). Ventral body white-trans-
lucent. Eyes light blue. Three to nine grayish blotches along
lateral line in males, also present in females, but generally
fainter or absent (Fig. 3B, C). Dorsal-fin base yellowish-
brown. Anal-fin base grayish to yellowish hyaline. Cau-
dal-fin base and caudal-fin margins yellowish to orange.
Pectoral fins translucent white in females, with grayish-
black pigmentation in males. No vertical stripes along back
(cf. O. kalimpaaensis). Prominent luminous band with blue-
purplish reflections along the lateral line from pectoral-fin
insertion until caudal peduncle. Similar reflective blue
shine on operculum.

During courtship, males present a continuous blackish
stripe on head and back that becomes progressively nar-
rower posteriorly, similar to related species of Oryzias. The
area of the reflective lateral band on lateral body also
becomes darker during courtship. Between this band and
dorsal stripe, base color brightens up yellowish to greenish
golden. Further, dorsal and anal fins become dark gray to
blackish, yellow to orange color of caudal-fin margins
becomes more brilliant, and blotches along the lateral line
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Fig. 3.

Life coloration of fish from the type locality under aquarium
conditions (uncatalogued specimens). (A) Two males in normal color-
ation. (B) Female in normal coloration. (C) Female faintly showing the
distinctive blotches along the lateral line.

become darker and more visible. Blotches are especially
prominent in sparring males.

Color in alcohol—Base color pale brown (Fig. 1). Scales on
dorsal flanks and back with blackish pigmentation in poste-
rior half, giving the back a darker brown appearance. A dark
gray-brown dorsal stripe progressively narrowing down in
width from upper lip until anterior dorsal-fin insertion in
males, but also less prominently visible in some females.
Narrow blackish mid-lateral stripe from pectoral-fin base to
hypural plate. Three to nine round to oval dark brown to
blackish lateral blotches in males. Despite being visible in
living specimens, blotches are mostly absent in females;
only one to two visible in some of the specimens. Ventral
body cream to light brown, slightly brighter than base color.
Male with very sparse light brown pigmentation along anal-
fin base. Dorsal head and snout blackish brown. Throat and
ventral snout cream to light brown. Fins translucent; dorsal,
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Fig. 4. Two sparring males from type locality (uncatalogued speci-
mens). Note the dark spots on the side and the concave anal fin.

anal, and caudal fins with light grayish-brown pigmenta-
tion in males, much more vanished in females. Caudal-fin
margins and caudal-fin-ray insertion light brown.

Sexual dimorphism.—Similar to other ricefishes, males have
elongated, filamentous dorsal- and anal-fin rays (Figs. 1-4).
Larger males have a fleshy extension of the dorsal-fin base
with a row of larger cycloid scales. Males with more promi-
nent dark blotches along the lateral line and more pro-
nounced pigmentation on the dorsal, anal, and pelvic fins;
translucent in females. Both sexes with yellow to orange
caudal-fin margins in life, but more prominently in males
(Figs. 2A, 3). Adult males with prominent external teeth on
the lips; tooth expression most prominent in largest speci-
mens. Body depth is greater in males (16.0-18.4 vs. 18.4-
21.4), while females possess longer pelvic fins (10.4-13.8 vs.
9.2-11.7).

Distribution.—Oryzias polylepis is so far known only from the
Lariang River drainage, Central Sulawesi, Indonesia that
drains westward into the Strait of Makassar. The majority of
the watershed is located in remote upland regions, with the
upstream half of the Lariang River’s main channel situated
at altitudes between 1,200 and 400 m MSL (Fig. 5).

At present, this species is known from five sites in two
remote highland valleys: three sites in Bada Valley, with two at
the Lariang River main channel near Lengkeka Village and
Bomba Village (latter uncatalogued specimens; 01°51'10.37"S,
120°16’46.44"F) and one at lower Malei River near the Gintu
Village; two sites in Napu Valley at Watutau Village, namely
Lariang River and lower Pembangu River, a main tributary of
the former in the southern part of the valley (Fig. 5). The spe-
cies was not recorded in Wuasa River at Wuasa Village
(01°2532.12"S, 120°192.23"E), northern Napu Valley, or the
Malei River near Runde Village (01°54'12.74"S, 120°14'26.93"E)
in southern parts of Bada Valley. We assume that the species is
more widespread in the Lariang River drainage, but additional
sampling is required for confirmation.

Habitat and ecological notes.—Lariang River near Lengkeka
Village, Bada Valley (Fig. 6A, B): This is a large river (width
up to 80 m) with moderate to fast flow; ~200 km upstream
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Fig. 5. Map of collection localities. Left: topological overview of Sulawesi. The upslope area (= drainage basin) of the Lariang River is depicted as
a red shape. The window section is shown in more detail on the right, including hydrological features. Red star indicates type locality of O. polyle-
pis. Black star indicates Lake Kalimpa'a (also known as Lake Tambing), type locality of O. kalimpaaensis. Black circles represent locations at which
only the latter was collected, red circles where both species were collected (includes type locality). Oryzias polylepis always occurred together with

O. kalimpaaensis.

of river mouth. The type locality is a narrow pass of the Lar-
iang River (15-25 m wide, >2 m deep) west of the main
Bada Valley plain through a short ravine with stronger water
current, between two stretches of rapids (Fig. 6A); substrate
heterogenous, consisting of light-colored sand, stones, and
boulders (Fig. 6B). Abundant driftwood, partial canopy
cover, only minor human use in form of small cocoa tree
plantations. Underwater visibility <20 cm. Water tempera-
ture 27.1°C, pH 8.2, conductivity ~600 pS. Sympatric native
fish species collected are Oryzias kalimpaaensis (Fig. 7) and
Lentipes mindanaoensis. Not collected but reported by locals
are Anguilla spp., Belobranchus belobranchus (“Bou Ebe”), and
two larger fish, known locally as “Patoga” and “Bangkoko,”
identified preliminarily herein as Lates calcarifer and Meso-
pristes cancellatus, respectively. Introduced species include
Barbodes binotatus, Osteochilus vittatus, Oreochromis sp., Aplo-
cheilus armatus, Gambusia sp., Poecilia reticulata, and Tricho-
podus trichopterus.

Lower Malei River at Gintu Village, Bada Valley: Water
clear, tea-like stain, underwater visibility >2 m. 25-45 m
wide. Substrate diverse, including sand, gravel, and mud-
stone boulders. Water temperature 24°C, pH 8.1, conductiv-
ity ~200 puS. Sympatric native fish species recorded are O.
kalimpaaensis, L. mindanaoensis, Sicyopterus sp. aff. erythropte-
rus (likely the same species identified as S. erythropterus in
Jamonneau et al., 2024), and Anguilla sp. Introduced species
were abundant and include Barbodes binotatus, Osteochilus
vittatus, Oreochromis sp., Aplocheilus armatus, Gambusia sp.,
and Poecilia reticulata.

Lariang River at Watutau Village, Southern Napu Valley:
15-30 m wide, up to 2 m deep, ~270 km upstream of the
river mouth. Water visibility <0.5 m. Moderate water flow.
Substrate mostly sand, partly muddy in shallower water, riv-
erbank with gravel, rocks, or mudrocks. Abundant crusta-
ceans, including Caridina spp. (especially C. clandestina),
Macrobrachium spp., and several species of freshwater crabs.
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Plenty of overhanging riparian vegetation (e.g., Phragmites
karka). The only other native fish species observed was O.
kalimpaaensis. Introduced fish species present were Barbodes
binotatus, Osteochilus vittatus, Oreochromis sp., Aplocheilus
armatus, Gambusia sp., Poecilia reticulata, Channa striata, and
Trichopodus trichopterus.

Pembangu River at Watutau Village, Southern Napu Val-
ley (Fig. 6C, D): Major tributary of Lariang River in southern
Napu Valley, 5-15 m wide, up to 1 m deep, strongly mean-
dering in its lower course. Moderate to fast waterflow. Sub-
strate heterogeneous, consisting mostly of sand and gravel
on mudrock bed. Plentiful overhanging riparian vegetation
(e.g., P. karka). Oryzias polylepis was mostly collected close to
steeper banks and underneath overhanging reeds (Fig. 6D),
often in stronger current. Underwater visibility ~0.5 m. Co-
occurring fish and crustacean species as described for Lar-
iang River in Napu Valley.

Rather atypical for ricefishes, O. polylepis is a strong active
swimmer and was always collected in microhabitats with
moderate to strong current, usually in deeper waters (water
depth >0.5 m). Moreover, it was primarily collected in
waters with reduced underwater visibility and, unlike the
sympatric O. kalimpaaensis, was consistently absent from
smaller tributary streams with clear and cool water. Due to
this, fish could not be observed underwater in situ. Aquar-
ium observations revealed a fast and often restless swim-
ming behavior, regularly favoring high current velocity
spots. Feces of freshly collected specimens contained
remains of phytoplankton. However, under aquarium con-
ditions, they are not selective and were fed on aquatic inver-
tebrates and fish larvae.

Reproductive biology.—Unlike all other endemic Oryzias
known from western Central Sulawesi, O. polylepis is a trans-
fer brooder (i.e., it does not carry its eggs connected to the
body until hatching of larvae as in pelvic-brooding rice-
fishes). Traits typically associated with pelvic brooding in
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Fig. 6. Habitat at collection localities. (A, B) Type locality at Lariang River near Lengkeka Village, Bada Valley, Poso Regency, Central Sulawesi; (C,
D) Pembangu River near Watutau Village in Napu Valley, Poso Regency, Central Sulawesi. (B) and (C) depict microhabitats in which O. polylepis
was collected. (Photographs A and B by M. Mejia Estrada.)

females of related species are partially present but less pro-
nounced in O. polylepis. Most prominently, the pelvic fins of
female O. polylepis are only slightly enlarged (Figs. 1, 3). The
ventral body does not form the distinct concavity seen in
pelvic-brooding species. Extended egg-carrying was not
observed in females collected in nature or under aquarium
conditions. In the aquarium, females carry a cluster of up to
~15 eggs on the genital pore post-mating and deposit them
inside spawning mops (submersed synthetic yarn bundles)
after a few hours at most. Eggs are rather large, with diame-
ters of approximately 1.6-1.8 mm. Spawning substrate in
nature is unknown. In a typical mating event, males
approach females by swimming beside or underneath them;
males then briefly tilt their body to the side, which causes
the reflective lateral band to flash, possibly signaling con-
specifity to the female, before attempting the typical mating
clasp also seen in other ricefishes.

Conservation status.—At the time of collection, O. polylepis
was abundant at all sites where it was recorded. However,
despite its remoteness, the Lariang River watershed is
impacted by numerous potentially harmful human activi-
ties. These include the release of toxic tailings from gold
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mining, as reported by locals for several areas in the Lariang
River watershed (e.g., by locals from the Bada Valley for
areas downstream of the Bada Valley) and by locals in the
southern Napu Valley. There are also plans for hydroelectric
dam construction along the river (PT Nusantara Infrastruc-
ture Tbk, 2015; PT Indonesia Hydro Consult, 2020; Power
Technology, 2021) with unknown impacts for O. polylepis,
but certain detrimental impacts on diadromous species. The
latter are target species for local fishers, and some, like the
eleotrid goby Belobranchus belobranchus, also have local cul-
tural importance (Yuniati et al., 2020).

Around one-tenth of the specimens of O. polylepis collected
were infested with Lernaea sp., a widespread parasite also seen
on other wild Sulawesi ricefishes species (Kottelat, 1990b;
Parenti and Soeroto, 2004; Mohring et al., pers. obs., 2019,
2023; Schwarzer et al., pers. obs., 2019; Gani et al., 2022;
Herder et al., 2022). Although supporting data are lacking, it
appears likely that this parasite was introduced to Sulawesi by
stocking of non-native fish species (Kottelat, 1990b; Whitten
et al., 2001). The abundance of parasitized specimens in many
species all over Sulawesi suggests that ricefishes are particularly
susceptible to infestation from Lernaea.
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Fig. 7. Oryzias kalimpaaensis, the sympatric pelvic-brooding sister
species. (A) Sparring male and (B) female, both from the type locality
of O. polylepis (uncatalogued specimens). Note the elongated pelvic
fins and abdominal cavity of the female, both typical characteristics of
pelvic-brooding species which are less pronounced in O. polylepis.

Despite the remoteness of the area, introduced fish spe-
cies are numerous and widespread in the Lariang basin. Ana-
bas testudineus (“Kosa/Koha”) and Channa striata (“Gabus”)
were already reported by Kruyt (1938) from the Besoa Valley,
also located within the drainage basin southwest of Napu
Valley (Fig. 5), and appear to represent ancient introduc-
tions (Whitten et al., 2001). The cyprinid Barbodes binotatus,
which was perhaps introduced accidentally with stocking of
the larger, co-occurring cyprinid Osteochilus vittatus, or
potentially on purpose for mosquito control, is extremely
abundant and at many sites (such as the Malei River at
Runde Village, and all smaller streams less than 5 m wide
visited in Bada Valley) comprised most of the fish biomass.
Oreochromis sp. is also widespread, as are Gambusia sp., Poeci-
lia reticulata, and Aplocheilus armatus. Trichopodus trichopterus
and Clarias sp. were recorded multiple times. The presence
of nationally banned Pterygoplichthys sp. in the Lariang River
at Tuare Village, Bada Valley is also worrisome, as this popu-
lar ornamental catfish species is known to cause ecological
and economic damage when introduced (Page and Robins,
2006; Orfinger and Goodding, 2018; Patoka et al., 2020).

Etymology.—Polylepis—from ancient Greek “polus” (= many),
an adjective, and “lepis” (= scale), a noun, in reference to its
small and plentiful scales, reflected in high scale counts in lat-
eral series. Compound noun, indeclinable.

Local names: Napu Valley (Bahasa Napu)—“Antowo.”
Mainly for Oryzias kalimpaaensis, but no distinction made
between species; our information from local villagers in
Watutau Village indicate that Antowo is not Aplocheilus

Downloaded From: https://bioone.org/journals/Ichthyology-&-Herpetology on 02 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

69

armatus (“Kepala Timah"”), as was reported in Mondolu et al.
(2011). Bada Valley (Bahasa Bada)—“Rono.” Identical to
Lindu and Lake Poso (Pamona) areas for Oryzias spp. and
smaller Adrianichthys spp.

Phylogenetic relationships.—Oryzias polylepis belongs to a
clade of Oryzias restricted to western Central and Southern
Sulawesi (Fig. 8A). It is closely related to the sympatric second
ricefish species recorded from the Lariang drainage, O. kalim-
paaensis, and both species were retrieved in a sister species rela-
tionship in the molecular phylogeny based on mitochondrial
MT-ND2 sequences. Both species formed monophyletic
groups, respectively, and no haplotype sharing was observed,
suggesting complete reproductive isolation (Fig. 8B). Within
O. polylepis and O. kalimpaaensis, haplotypes did not cluster
according to geographic location, and numerous individual
haplotypes were shared between specimens from collection
sites in Napu and Bada Valleys.

DISCUSSION

Riverine sympatry—At all locations where O. polylepis was
collected, it occurred in sympatry with the closely related
pelvic-fin brooder O. kalimpaaensis (Fig. 7). Oryzias kalim-
paaensis itself was described only recently from small Lake
Kalimpa’a, located in the highlands northwest of the Napu
Valley (Gani et al., 2022). Here, we extend this record to the
Lariang River and several of its tributaries. In the species
description, Lake Kalimpa’a was assumed to be part of the
Palu River watershed via the Sopu River. However, GIS anal-
yses, local informants, and a visit to the lake confirmed that
it is in fact part of the Lariang River basin. Our collections
indicate that O. kalimpaaensis, while originally assumed to
be restricted to only a single lake, is actually widespread in
the Lariang River basin.

The present discoveries constitute the first known case of
a sympatric riverine sister species pair among Sulawesi rice-
fishes. In Sulawesi, sympatry of ricefish species was previ-
ously known from three large lakes, namely Lake Poso (O.
nebulosus, O. nigrimas, O. orthognathus, Adrianichthys spp.),
Lake Towuti (O. loxolepis, O. marmoratus, O. profundicola),
and Lake Lindu (O. bonneorum, O. sarasinorum; Parenti,
2008; Kobayashi et al., 2023). The degree of reproductive
isolation among the lake species varies from clearly defined
entities in Lake Poso (Sutra et al., 2019; Kakioka et al., 2021)
to abundant intermediates in Lake Towuti (Herder and Cha-
puis, 2010; Mandagi et al., 2021).

In the case of the sympatric Lariang Oryzias, no indica-
tions of hybridization are present. Both species are clearly
differentiated by non-overlapping characteristics and dis-
tinct haplotypes; intermediate individuals were not
recorded. Both species are reciprocally monophyletic and
together form the sister to a clade of known pelvic-brooding
species of Oryzias: O. eversi, O. sarasinorum, and O. bonneo-
rum. The phylogenetic position of the new, transfer-brood-
ing species within this clade, as well as relatively short
distances to its sister species, suggest that its reproductive
mode evolved from pelvic brooding back to transfer brood-
ing. Longer pelvic fins and slightly shortened pelvic ribs,
both traits commonly seen in pelvic-brooding species
(Spanke et al., 2021), support this assumption. As an alter-
native, though presumably less likely, it remains possible
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Fig. 8. Molecular phylogeny based on mitochondrial ND2 sequences, augmented using published sequence data for selected species from
Mokodongan and Yamahira (2015; refer here for locality abbreviations), Horoiwa et al. (2021), Gani et al. (2022), and Utama et al. (2022).
Oryzias kalimpaaensis and O. polylepis were retrieved as sister species, both forming monophyletic groups. (A) General topology of the phylogeny
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that pelvic brooding evolved independently in O. kalim-
paaensis compared to the lineage comprising O. bonneorum,
O. eversi, and O. sarasinorum, although no morphological
evidence for this is apparent at present. Either way, these
phylogenetic insights indicate that pelvic brooding is a
dynamically evolving reproductive mode in Oryzias.

Pronounced differences in male courtship coloration
between O. polylepis and O. kalimpaaensis, namely presence
of dark dorsal and lateral stripes and dark lateral blotches
in O. polylepis vs. uniformly dark ash-gray with slate blue
dorsal and anal fins in O. kalimpaaensis (Fig. 7A), might
play a role in reinforcing species integrity under sympatric
conditions. However, the evolutionary drivers of specia-
tion are difficult to reconstruct due to incomplete knowl-
edge of the basin’s geological history. A role of potential
former large lakes (Napu, Besoa, and Bada Valleys) located
within the watershed, as well as numerous river capture
events among Palu, Poso, Kalaena (Bone), and Lariang
River catchments (Nugraha et al., 2024), provide tempting
hypotheses, but remain difficult to test.

Oryzias polylepis and O. kalimpaaensis are regularly found
in the same habitats in Bada and Napu Valleys, and they
are frequently collected together in the same spot. How-
ever, O. polylepis is a faster, more active swimmer and pre-
fers more open waters than O. kalimpaaensis, which tends
to stay close to the substrate or sheltering structures like
overhanging vegetation, driftwood, or rocks. In the field,
O. polylepis was collected mostly in deeper waters and
stronger current (>0.5 m depth) than its pelvic-brooding
sister species. In agreement with these observations, O. pol-
ylepis shares features commonly seen in other free-swim-
ming rheophilic fishes inhabiting medium to strong
current, for example the elongated, slender body shape,
long caudal peduncle, and deep oblique mouth gape pre-
sent in selected Danionidae (e.g., Asian Barilius, Danio or
African Chelaethiops, Engraulicypris). The possible second-
ary loss of pelvic brooding in O. polylepis might be another
adaptation to its rheophilic ecology, as constant swimming
in the current would likely result in intense drag and even-
tually premature loss of egg clusters. Ricefishes in general
are not considered typical of fish inhabiting swift-flowing
waters and are mostly restricted to lentic ecosystems or riv-
ers with slow to moderate current. Only a few other ricefish
species are known from similar habitats, namely the sym-
patric O. kalimpaaensis and O. celebensis from South-West
Sulawesi. Both Oryzias polylepis and O. kalimpaaensis were
abundant at the collection sites, suggesting high popula-
tion densities. They may constitute a main prey species for
several predatory fish species like Belobranchus belobran-
chus, Lates calcarifer, and other piscivorous animals.

Apart from differences in habitat use, differences in
mouth shape between O. polylepis and O. kalimpaaensis also
suggest disparity in trophic ecology. Oryzias polylepis is at
least partly planktivorous, evident from feces of freshly col-
lected specimens, which contained remains of phytoplank-
ton. Aquarium observations showed that O. kalimpaaensis,
while also eating small planktonic prey, tends to be more
predatory and actively hunts larger prey such as small fresh-
water shrimps (Caridina spp.) and juvenile fish, catching
them through suction feeding, which appears to be facili-
tated by its comparatively long snout and consequentially
larger buccal cavity (cf. Fig. 7).
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Relationship to fossil species—There is the possibility that O.
polylepis is closely related to the fossil Lithopoecilus brouweri
de Beaufort 1934, described from Gimpu, Sulawesi Tengah.
The fossil’s type locality is geographically proximate and
also situated within the modern Lariang River basin, only
~60 km downstream from Lengkeka Village, the type local-
ity of O. polylepis. While its assignment to the family Adria-
nichthyidae was unquestionable, the phylogenetic position
of the fossil has been the subject of speculation and was con-
sidered either intermediate between Adrianichthys and Ory-
zias (de Beaufort, 1934) or the common ancestor of O.
eversi and O. sarasinorum (Horoiwa et al., 2021; Yamahira
et al., 2021). Due to its rather poor state of preservation (an
illustration of the fossil can be found in Frickhinger, 1991),
morphological comparisons of the specimen to modern
species are only possible to a limited extent. However, it
does match some important osteological features of O. pol-
ylepis (Fig. 2B): apart from the elongated body shape, both
appear to share a short snout and a deep oblique mouth
gape, which distinguishes them from all known pelvic-
brooding ricefishes. Short and non-filamentous dorsal- and
anal-fin rays of the fossil specimen may indicate a female
fish, while short pelvic-fin rays may indicate a transfer-
brooding species. Since no reliable age estimates are avail-
able at present, it is not possible to discuss the role of the
fossil species in the evolution of the extant Lariang Oryzias,
but the hypotheses that it is ancestral or an extinct close
relative to O. polylepis, or possibly belonging to the ances-
tral lineage of O. kalimpaaensis and O. polylepis, remain to
be considered.

MATERIAL EXAMINED
Adrianichthys kruyti: ZMA 100.643, holotype.

Adrianichthys oophorus: ZFMK-ICH 121920-121926, Indone-
sia, Sulawesi Tengah, Lake Poso.

Adrianichthys poptae: NMB 3090, syntype, ZMH 22573, 1,
ZMH 22575, 2, ZMH 22576, 3.

Oryzias asinua: MZB 21464, 2, Indonesia, Sulawesi Tenggara,
District Asinua.

Oryzias bonneorum: MZB 15499, holotype, Indonesia, Sula-
wesi Tengah, Lake Lindu.

Oryzias celebensis: MZB 2688, 4, MZB 5862, 3, Indonesia,
Sulawesi Selatan, Regency of Maros Indonesia.

Oryzias dopingdopingensis: MZB 23873, holotype, Indonesia,
Sulawesi Selatan; MZB 23874-23882, 9 paratypes.

Oryzias eversi: MZB 20780, holotype, MZB 20781, 1 para-
type, Indonesia, Sulawesi Selatan, District Rantepao.

Oryzias hadiatyae: MZB 18491, holotype, MZB 18503, 1
paratype, MZB 18504, 1 paratype, MZB 185085, 1 paratype,
MZB 18506, 1 paratype, Indonesia, Sulawesi Selatan, Lake
Masapi.

Oryzias kalimpaaensis: MZB 26462, holotype, MZB 26463-
26466, 4 paratypes, ZFMK ICH-128486-128492, 7 paratypes,
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ZRC 62531, 4 paratypes, Indonesia, Sulawesi Tengah, Lake
Kalimpa’a; MZB 28070-28080, 34.5-47.4 mm SL (7 males, 4
females), Lariang River, near Lengkeka Village, Bada Valley,
District Lore Barat, Poso Regency, Sulawesi Tengah,
01°52’38.05"S, 120°12'8.83"E, 752 m MSL, J. Mohring, E. K.
Lakiu, and M. Mejia Estrada, 14-15 August 2023; MZB
28081-28091, 37.0-46.7 mm SL (6 males, 5 females), Malei
River, near Runde Village, Bada Valley, District Lore Barat,
Sulawesi Tengah, 01°54'12.74"S, 120°14'26.93"E, 765 m
MSL, J. Mohring, F. K. Lakiu, Aro, and M. Mejia Estrada, 14
August 2023; MZB 28092-28093, 38.4-41.4 mm SL (2
females), Malei River at Gintu Village, Bada Valley, District
Lore Selatan, Poso Regency, Sulawesi Tengah, 01°53'13.95"S,
120°14’6.25"E, 760 m MSL, F. Herder and D. E. Mokodongan,
21 September 2023; MZB 28094-28101, 32.9-50.2 mm SL (3
males, 5 females), Wuasa River, near Wuasa Village, Napu Val-
ley, District Lore Utara, Poso Regency, Sulawesi Tengah,
01°25'32.12"S, 120°19'2.23"E, 1,103 m MSL, J. Mohring, E K.
Lakiu, M. Mejia Estrada, and J. K. Poba, 22 July 2023; MZB
28102-28120, 34.6-52.8 mm SL (5 males, 14 females),
Pembangu River, Watutau Village, Napu Valley, District
Lore Peore, Poso Regency, Sulawesi Tengah, 01°33'51.41"§,
120°20'33.00"E, 1,085 m MSL, J. Mohring, A. Gani, Z. Jusman,
and D. F. Mokodongan, 30 September 2023.

Oryzias landangiensis: MZB 26270, holotype, MZB 26271-
26275, S paratypes.

Oryzias loxolepis: ZFMK ICH-136040-136044, Indonesia,
Sulawesi Selatan, Lake Towuti.

Oryzias marmoratus: MZB 2686, 7, MZB 2690, 1, Indonesia,
Sulawesi Selatan, Lake Wawontoa; MZB 2695, 5, MZB 2697,
5, Indonesia, Sulawesi Selatan, Lake Towuti.

Oryzias matanensis: MZB 21379, 1, Indonesia, Sulawesi Sela-
tan, Lake Matano.

Oryzias nebulosus: MZB 21381, 2, Indonesia, Sulawesi Ten-
gah, Lake Poso.

Oryzias nigrimas: MZB 5859, holotype, MZB 5872, 5 para-
types, Indonesia, Sulawesi Tengah, Lake Poso.

Oryzias orthognathus: MZB 5870, holotype, Indonesia, Sula-
wesi Tengah, Lake Poso.

Oryzias profundicola: MZB 5868, holotype, MZB 5861, 1 para-
type, MZB 5866, 1 paratype, MZB 5867, 2 paratypes, Indone-
sia, Sulawesi Selatan, Lake Towuti.

Oryzias sarasinorum: RMNH 7664, 3 syntypes, MZB 25209-
25213, 5, ZFMK-ICH-121927-121931, 5.

Oryzias soerotoi: MZB 21377, holotype, MZB 21378, 9 para-
types, ZFMK 49943-49947, S paratypes.

Oryzias wolasi: MZB 21465, 2, Indonesia, Sulawesi Tenggara,
District Wolasi.

Oryzias woworae: MZB 21380, 1, Indonesia, Sulawesi Teng-
gara, Muna Island, District Parigi.
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