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Abstract

Research over the last few years has demonstrated that the amygdaloid complex in amniotes shares basic developmental, hodological and

neurochemical features. Furthermore, homolog territories of all main amygdaloid subdivisions have been recognized among amniotes, primarily

highlighted by the common expression patterns for numerous developmental genes. With the achievement of new technical approaches, the study

of the precise neuroanatomy of the telencephalon of the anuran amphibians has been possible, revealing that most of the structures present in

amniotes are recognizable in these anamniotes. Thus, recent investigations have yielded enough results to support the notion that the organization

of the anuran amygdaloid complex includes subdivisions with origin in ventral pallial and subpallial territories, a strong relationship with the

vomeronasal and olfactory systems, abundant intra-amygdaloid connections, a main output center involved in the autonomic system, profuse

amygdaloid fiber systems, and distinct chemoarchitecture. When all these new data about the development, connectivity and neurochemistry of the

amygdaloid complex in anurans are taken into account, it becomes patent that a basic organization pattern is shared by both amniotic and

anamniotic tetrapods.
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1. Introduction

The identification of the amygdala as an almond shaped mass

of gray matter through the temporal pole of the human cerebral

hemispheres was done by Burdach in the early 19th century.

Subsequent technical advances allowed the microscopic

examination of histological sections that led to the observation

of an intricate amygdaloid network. In addition, developmental

studies attempted to unravel the embryological origin of the

different portions of the amygdala. As a consequence of all these

studies it became clear that the amygdala is more complicated

than previously thought, and its actual outer border and the

number and classification of its subdivisions (‘‘amygdaloid

complex’’) are still a matter of debate.

Many authors have regarded the amygdaloid complex as an

extended continuum within the basal telencephalon that

rostrally reaches the caudal tip of the shell portion of the

nucleus accumbens (Alheid et al., 1995; Martı́nez-Garcı́a et al.,

2002a). However, on the basis of its heterogeneous origin,

chemoarchitecture, and hodology, other authors have proposed

that the amygdaloid complex represents a number of different,

unrelated anatomical structures, with pallial and subpallial

derivatives, belonging to four different functional systems: (1)

the main olfactory, (2) the accessory olfactory (vomeronasal),

(3) the autonomic, and (4) the frontotemporal cortical systems

(Swanson and Petrovich, 1998; Puelles et al., 2000). Moreover,

several studies about the characterization of the amygdaloid

complex in diverse amniotes (reptiles, birds and mammals)

demonstrated that the different divisions of the amygdala show

a common basic histochemical and hodological organization

that includes an intricate set of intra-amygdaloid connections

(Bruce and Neary, 1995c; Lanuza et al., 1997, 1998; Martı́nez-

Garcı́a et al., 2002a; Moreno and González, 2003, 2004, 2005a)

and a common embryological origin among vertebrates (Smith-

Fernández et al., 1998; Puelles et al., 2000; Brox et al., 2003,

2004; Stenman et al., 2003; Medina et al., 2004, 2005; Moreno

et al., 2004; Remedios et al., 2004; Tole et al., 2005). These

evidences strongly supported the notion that the amygdala is a

highly conserved structure in the telencephalon of vertebrates.

As new data were gathered about the common organization

of the amygdaloid complex in amniotes, the situation in

anamniotes (fish and amphibians) remained to be clarified.

Only with the achievement of new technical approaches in the

study of development and connectivity of tiny regions in the

brain of anamniotes, have emerging hypothesis on the

conservative structure of the amygdala between anamniotes

and amniotes been proposed. In particular, the study of the

amygdala in amphibians seems of special interest to understand

the evolution of these structures in tetrapods (Bruce and Neary,

1995c; Marı́n et al., 1998a,b,c; Brox et al., 2004; Moreno and

González, 2003, 2004, 2005a; Moreno et al., 2004; Roth et al.,

2004; Mühlenbrock-Lenter et al., 2005a,b).

In the following sections we will focus on the major

advances made in the last few years that led to change the ideas

about the organization of the amygdaloid complex. The

comparison of data obtained in different classes of amniotes

with new information about the organization of the amygdaloid

complex in amphibians will serve to highlight the degree of

conservation of this important telencephalic region in all

tetrapods. Through this comparative approach we attempt to

frame the main basic features of amygdaloid organization

shared by all tetrapods.

2. The amygdaloid complex of amniotes

Amajor problemwhen studying the comparative anatomy of

the amygdaloid complex has been the delineation of the

boundaries of the amygdaloid nuclei in non-mammalian

vertebrates. In fact, many studies have been accomplished in

different amniotes dealing with the connectivity, chemoarch-

itecture or, recently, the origin of the distinct amygdaloid nuclei

(Martı́nez-Garcı́a et al., 1993, 2002a; Lanuza et al., 1997, 1998;

Martı́nez-Marcos et al., 1999; Swanson and Petrovich, 1998;

Puelles et al., 2000; Sah et al., 2003; Medina et al., 2004;
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