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Skeletal development and ossification sequence
of the characiform Salminus brasiliensis
(Ostariophysi: Characidae)

George M. T. Mattox* ***, Ralf Britz** and Ménica Toledo-Piza***

Ontogenetic data for Neotropical Characiformes, Siluriformes and Gymnotiformes is still poorly explored and
information on their skeletal development is lacking entirely. We herein studied the skeletal development of the
basal characid Salminus brasiliensis to provide an ontogenetic approach that can be used in further comparative
investigations. Our study was based on 153 specimens (3.2 mm NL to 27.5 mm SL) covering approximately 30
days post-hatching and included 147 bones. Specimens were cleared and double stained and the presence of a
bone was scored whenever mineralization was detected. First ossifications start at 5.0 mm (cleithrum, and tooth
plates of pharyngobranchial 4 and ceratobranchial 5). Ossification continues with the opercle (5.1 mm) and re-
maining tooth bearing bones (premaxilla and dentary at 5.1 mm, maxilla at 5.6 mm). The first bones to ossify in
the neurocranium are the parasphenoid and basioccipital (7.4 mm), exoccipital (8.7 mm) and frontal (11.9 mm).
The hyopalatine arch begins ossification with the quadrate (7.8 mm) and hyomandibular (8.1 mm). Branchial
arches commence their ossification with ceratobranchials (8.5 mm), followed by epibranchials (10.4 mm) and
pharyngobranchials (11.8 mm). The infraorbital series is the last skeletal complex to ossify starting with the an-
torbital (16.8 mm). The first ossifications of the axial skeleton are the vertebral centra (9.9 mm) followed by
neural (11.1 mm) and haemal arches (12.0 mm). Weberian apparatus ossification starts with the vertebral centra
(9.9 mm), neural arches (11.1 mm), intercalarium and scaphium (12.4 mm). Fin rays form first in the caudal fin
(8.6 mm), followed by dorsal-, anal-, pectoral- and pelvic-fin rays (9.9, 10.4, 15.7, 16.8 mm, respectively). The
endoskeletal fin supports begin to ossify with the proximal-middle radials of the anal and dorsal fins (12.5 and
12.7 mm, respectively), pelvic bone and scapula (17.5 mm). Diagrams of the sequences of ossification are pro-
vided.

Introduction

Comparative anatomists have often relied on
knowledge about development of the structure
to better understand questions regarding homol-
ogy and the nature of characters (Gaupp, 1912;
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Britz & Johnson, 2002, 2005; Fraser et al., 2012).
In fishes, the skeleton is one of the most studied
anatomical systems, and many morphologically
based hypotheses rely mainly on information
from osteology. Although the development of
specific regions of the skeleton has been studied
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