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The evolution of the Weberian apparatus:
A phylogenetic perspective

Terry GRANDE & Mario de PINNA

Abstract

The evolution of the Weberian apparatus in otophysan fishes has been a source of confusion and debate among
ichthyologists. This paper reexamines this debate in light of a proposed sister-group relationship between
clupeomorphs and ostariophysans. Results from this study suggest that the Weberian apparatus may not have
evolved as a single unit as indicated by the presence of a tripus-like structure found in some clupeomorphs.
Otophysic structures thought to be restricted to otophysans but found in some clupeomorphs (e.g., pristigaster-
oids) may reflect a possible common homology. Although not intended to be a revision of otocephalan relation-
ships, this paper provides a reexamination of the anterior vertebral and otophysic morphology of the group. Our
results suggest that important phylogenetic information from the anterior vertebral region in these fishes may
provide new insight into the sister-group relationship between Clupeomorpha and Ostariophysi as proposed by
LECOINTRE & NELSON (1996). New interpretations for the homologies of certain Weberian ossicles (e.g.,
claustrum and tripus) are also proposed based on developmental, topological and phylogenetic data. A cladistic
analysis of all informative characters (e.g., skull, caudal skeleton) is necessary to test hypothesized homologies
based on the anterior vertebral characters proposed here.

Introduction

The Weberian apparatus, diagnostic of the Otophysi (ROSEN & GREENWOOD 1970) consists of a series
of modified anterior centra, neural arches, supraneurals and pleural ribs, that connect the gasbladder to the
back of the skull. When the gasbladder pulsates in a sound field, high frequency vibrations are transmitted
from it via the Weberian ossicles to the inside of the skull and then to the inner ear (ALEXANDER 1962,
1964). This system, along with the lateral line system, enables these fishes to receive a wide range of sound
sources (LADICH 1999). Hypotheses involving the evolution and development of different Weberian
elements have been proposed by many authors (e.g., KRUMHOLZ 1943, ALEXANDER 1964, ROSEN &
GREENWOOD 1970, FINK & FINK 1981, GAYET & CHARDON 1987, VANDEWALLE et al. 1990,
CHARDON & VANDEWALLE 1997). Some of these hypotheses appear in conflict with each other (see
CHARDON & VANDEWALLE 1997). For example, GAYET (1985) followed by COBURN & FUTEY (1996)
argued that the claustrum in otophysans is derived from the first supraneural, while FINK & FINK (1981)
argued that the claustrum forms from a disassociated part of the first neural arch. Based on the examination
of fossil taxa thought to exhibit an intermediate or ancestral condition of a functioning Weberian apparatus,
GAVYET (1982a, 1985, 1986a, 1993), argued for a multiple origin of this structure within Otophysi. In contrast
to GAYET (1982a, 1985, 1986b, 1993), FINK & FINK (1996), while not assuming that all ossicles evolved at
once, argued for a single evolution of the functioning Weberian apparatus in otophysans.

In this paper we discuss the development of individual Weberian ossicles and in some cases present
new interpretations and hypotheses of their homology (e.g., tripus and claustrum). Based on the recent
studies of VANDEWALLE et al. (1990), GRANDE (1996), GRANDE & POYATO-ARIZA (1999), GRANDE
& SHARDO (2002) and GRANDE & YOUNG (2004), it appears that although the adult functioning
Weberian apparatus is homologous within Otophysi, the development of some Weberian ossicles is not the
same in all otophysan subgroups (e.g., in catfishes the scaphium develops solely from the first basidorsal,
while in some cyprinids an embryonic mesenchyme contributes to its formation).
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