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The dendrobatid genus Dendrobates Wagler currently includes five species distributed from southern Nicaragua through
Costa Rica, Panama, and Colombia to the Guianas and adjacent Brazil (Frost 2023). Two species are found in Brazil:
Dendrobates leucomelas Steindachner and D. tinctorius (Cuvier). The latter was originally described from “Amérique”,
and a neotype was designed by Silverstone (1975) from the Riviére Matarony, French Guiana. In Brazil, it is found in
the States Amapa and Para (Avila-Pires ef al. 2010; Taucce et al. 2022). It is a diurnal species that inhabits the leaf litter
of rainforests, and exhibits polymorphism with various distinct post-metamorphic color patterns (Rojas & Pasukonis
2019). Due to its popularity in the pet trade it is listed under Appendix II of CITES. Adults deposit clutches in the leaf
litter, typically containing 2—14 eggs that hatch within 14-28 days. Males then transport the tadpoles to small water
bodies, e.g., palm bracts, bromeliads, or tree holes (Born 1994; Born et al. 2010; Rojas & Pasukonis 2019). Tadpoles
have a varied diet, including detritus, insect larvae and other tadpoles, often conspecific. Metamorphosis typically occurs
between 90 and 120 days after oviposition (Masurat & WolfRudiger 1991; Born 1994; Rojas & Pasukonis 2019). The
external morphology of a tadpole from the western slope of Vier Gebroeders Mountain in Surinam was briefly described
by Hoogmoed (1969) as D. azureus Hoogmoed, which is now considered a synonym of D. tinctorius (Wollenberg et al.
2008). Silverstone (1975) provided additional descriptions and illustrations of the body and oral apparatus of specimens
from Serra do Navio (Amapa, Brazil). Lescure (1984) provided a draft of the oral apparatus and body, but without any
morphological description. Finally, the chondrocranium morphology of these tadpoles was described by Haas (2003).
Despite previous studies addressing the external morphology of D. tinctorius larvae, there are still several aspects that
have not been adequately described, and some character-states require further examination. Thus, in the present study, the
external morphology of D. tinctorius is redescribed following current standards for larval descriptions.

Free-living tadpoles were collected from a palm bract filled with water in a transitional environment between savanna
and rainforest in Matdo do Piacaca, State of Amapa, Brazil (0.05208° N, 51.16520° W; 0 m a.s.l.). The tadpoles were
euthanized with a 2% aqueous benzocaine solution diluted in water and then fixed and stored in 10% formalin. Collected
specimens were deposited in the herpetological collection of the Universidade Federal do Amazonas, Manaus, Brazil.
Morphometric measurements were taken from nine tadpoles at different developmental stages (Gosner 1960), including
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Stage 25 (n =2),26 (n=15),27 (n=1) and 29 (n = 1), using a micrometric ocular lens (nearest 0.1 mm) coupled to a
stereoscopic microscope. Morphometric measurements were taken according to Altig & McDiarmid (1999) for total
length (TL), body length (BL), tail length (TAL), maximum tail height (MTH), internarial distance (IND), interorbital
distance (IOD), tail muscle height (TMH) and tail muscle width (TMW). Other measurements, such as body height
(BH), body width (BW), body width at eyes level (BWE), eye-nostril distance (END), nostril-snout distance (NSD), eye
diameter (ED) and oral disc width (ODW) followed Lavilla & Scrocchi (1986), and spiracle length (SL) and vent-tube
length (VTL) followed Lins ef al. (2018). The terminology used in the description and proportions is based on Altig
& McDiarmid (1999), and the detailed description is primarily derived from a tadpole at Stage 29. Additionally, for
comparative purposes, we examined individuals of other Dendrobates species: D. auratus (Panama: Museo de Zoologia
Pontificia Universidad Catdlica del Ecuador QCAZ 37407), D. leucomelas (Brazil: Roraima: American Museum of
Natural History AMNH 137308), and D. truncatus (Colombia: Cérdoba: Pueblo Nuevo: Instituto de Ciencias Naturales,
Universidad Nacional de Colombia ICN 48945, 48947; Santander: Sabana de Torres: ICN 54630. Magdalena: Santa
Marta: ICN 45735). Intraspecific comparisons among dendrobatid larvae are rare and the taxonomic status of many
populations of several species are still unclear. Thus, we also compared our data with one larva of D. tinctorius from
French Guiana (Nouragues: Antoine Fouquet material).

External morphology (Table 1 and Fig. 1). Body depressed and elongated in lateral view, BH 80% and 52% of
BW and BL, respectively; BL 37% of TL; oval-shaped in dorsal view, body width at eye level 93% of the BW, without
any well-marked constriction anterior to the spiracle level (Fig. 1A—C). Snout rounded in lateral and dorsal views; NSD
75% of END. Anterolateral and anterodorsal regions of the body marked by well-developed muscles orbitohyoideus.
Internarial region slightly convex; IND 67% of IOD. Eyes small, eye diameter 20% and 38% of IOD and END, dorsally
located, laterally directed. Interorbital region slightly concave; 10D 50% of BWE. Nostrils small, elliptical, nearly
rounded, dorsolaterally located, anterolaterally directed; border of the external nares surrounded by a fleshy, smooth
marginal rim, prominent upward and with a small lateral projection on the anterior portion. Spiracle single, sinistral, and
tubular; posterodorsally directed, visible in ventral view and partially from dorsal view; opening elliptical, almost the
same diameter of spiracle width; inner wall present, with only the distal portion free from body. Vent tube open, medially
positioned, ventrally directed, and parallel to the longitudinal body axis; short, as long as wide; opening large, elliptical,
medially directed, with irregular margins; dorsal wall fully attached to the distal border of the ventral fin. Tail long, its
length 63% of TL; low, MTH 95% of BH; tail tip rounded. Caudal muscle moderately robust with an acuminated tip;
higher than wide near the body junction, TMW 93% of TMH; TMH 44% of MTH; myotomes do not reach tail tip. Dorsal
fin arch-shaped; originated near the body/tail junction; maximum height at the mid-tail. Ventral fin arch-shaped, as high
as the dorsal fin; maximum height at the mid-tail. Oral disc of moderate size, ODW 48% of BW, laterally emarginate
and anteroventrally directed (Fig. 1D); upper and lower labium present but not expanded; upper labium with few short
conical papillae on lateral regions, organized in a straight line, interrupted by a large medial anterior gap of ~70% of upper
labium length; posterior labium projected anteriorly and surrounded by a single row of short conical alternate papillae.
Submarginal papillae absent. Jaw sheaths massive, fully keratinized, serrated, >50% of oral disc height; upper sheath
arch-shaped, lower sheath V-shaped and narrower than the upper one. Labial tooth row formula 2(2)/3(1); Al slightly
longer than A2; A2 gap ~17% of A2 length; P1 slightly longer than P2, and P2 slightly longer than P3; P1 gap very short,
~5% of P1 length.

Color in preservative. Dorsal surface of body greyish brown, with a pale brown region laterally to the anterior
junction tail/body. Lateral surface brownish grey anteriorly, pale brown posteriorly; a distinct brown stripe at the level of
posterior half of the body, runs from one side of the lateral body to the other side, through the belly; fleshy rim whitish
grey. Margin of the spiracle aperture translucent grey. Vent tube translucent with a high amount of melanophores; opening
also translucent. Ventral surface greyish brown anteriorly, translucent grey with scattered melanophores posteriorly. Tail
uniformly pale brown, except for the translucent border of the ventral fin.

The phenotype of Dendrobates larvae is highly conserved. Still, tadpoles of D. tinctorius can be promptly
differentiated from its congeners by the presence of a prominent fleshy projection on the marginal rim of the nostrils
(absent in D. auratus, D. leucomelas, and D. truncatus). Additionally, it can be further differentiated from D. leucomelas
and D. truncatus by the tail fin originating on the tail (vs. on the body/tail junction) and from D. auratus by the alternate
marginal papillae (vs. aligned). Lastly, D. tinctorius tadpoles described in this study exhibit the same character-states as
those from French Guiana, providing further support for the current taxonomic status of both populations.
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TABLE 1. Morphometric measurements of tadpoles of the dyeing dart poison frog Dendrobates tinctorius. Measurements
are presented in millimeters (mm) and values expressed as mean + SD (range) for development stages with more than two
tadpoles, and only range for those with n = 2. Abbreviations are described in the text.

Stage 25 Stage 26 Stage 27 Stage 29

n 2 5 1 1
TL 19.5-19.5 224+ 1.8 (21.0-25.6) 27.3 33.9
BL 7.9-7.9 8.7+0.4 (8.5-9.5) 10.3 12.4
TAL 11.6-11.6 13.7+ 1.4 (12.4-16.1) 17.0 21.5
MTH 3.2-32 3.7+0.2 (3.64.1) 4.5 6.2
IND 1.6-1.7 1.8+ 0.1 (1.6-2.0) 2.1 2.5
10D 2.5-2.6 2.8+0.2(2.7-3.2) 33 3.8
TMH 1.5-1.6 1.9+0.1 (1.7-2.0) 2.3 2.7
™MW 1.5-1.6 1.8+ 0.1 (1.8-2.0) 2.0 2.5
BH 4.0-4.0 4.6+0.3 (4.3-5.0) 5.4 6.5
BW 5.0-5.0 5.6+0.4(5.1-6.2) 6.8 8.1
BWE 4545 54+0.4(5.0-5.8) 5.9 7.5
END 1.5-1.5 1.6 +0.2 (1.5-1.9) 1.8 2.0
NSD 1.0-1.0 1.1+£0.1(1.1-1.4) 1.2 1.5
ED 0.6-0.6 0.6 +0.0 (0.6-0.7) 0.6 0.8
ODW 2222 24+0.1(2.3-2.6) 2.8 3.1
SL 0.6-0.6 0.5+0.1(0.4-0.6) 0.6 0.6
VTL 0.6-0.7 0.6 +0.0 (0.6-0.6) 1.0 1.1
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FIGURE 1. Preserved tadpoles of Dendrobates tinctorius (Gosner Stage 29) from (A—D) Matdo do Piagaca, state of Amapa,
Brazil, and (E) Nouragues, French Guiana. (A) Lateral, (B) dorsal and (C) ventral views of the body, and (D) ventral view of the
oral disc; (E) Lateral, dorsal and ventral views of the body.
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Many character states in Dendrobates tinctorius are likely associated with a macrophagous feeding behavior. The
fully keratinized and strong jaw sheaths can be used to prey on insect larvae and other tadpoles. These tadpoles also
exhibit a well-developed m. orbitohyoideus, which is externally noticeable. This muscle is responsible for lowering the
buccal floor (Satel & Wassersug 1981) and is commonly well-developed in macrophagous forms such as Dendropsophus
tadpoles (Dias et al. 2019). This trophic specialization is likely linked to the colonization of phytotelmata; although
water-filled plants can be safer than ponds or streams in terms of predators and competitors, they are also limited in
food resources (Lannoo et al. 1987; Caldwell & Araujo 2004). In fact, with few exceptions (e.g., Ololygon perpusilla
species group; Dias & Pie 2021), tadpoles that develop in such environments often exhibit macrophagous, oophagous, or
endotrophic feeding strategies (Lehtinen et al. 2004 and references therein). Predator-like character-states of D. tinctorius
are considered plesiomorphic and are present in most lineages of Dendrobatinae (e.g., Duarte-Marin et al. 2020); however,
the exact evolutionary history of these traits remains controversial. Recently, Grant ef al. (2017) revisited the phylogenetic
relationships of Dendrobatoidea and recovered “Colostethus” ruthveni nested within Dendrobatinae. Tadpoles of this
species have a pond-like phenotype and inhabit small pools in riverbanks (Kaplan 1997). The unexpected position of
“Colostethus” ruthveni as the sister taxon to all Dendrobatini raises questions about the evolution of the macrophagous
phenotype and the colonization of phytotelmata. It is unclear whether phytotelm usage evolved in the common ancestor
of all Dendrobainae and was subsequently lost in “Colostethus” ruthveni, or if it evolved independently in Phyllobates
and Dendrobatini. Further studies are still necessary to fully understand the evolution of macrophagy and phytotelm
development in poison frogs.
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