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a b s t r a c t

Multichannel processing of environmental information constitutes a fundamental basis of

functioning of sensory systems in the vertebrate brain. Two distinct parallel visual systems

– the tectofugal and thalamofugal exist in all amniotes. The vertebrate central nervous
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system contains high concentrations of intracellular calcium-binding proteins (CaBPrs) and

each of them has a restricted expression pattern in different brain regions and specific

neuronal subpopulations. This study aimed at describing the patterns of distribution of

parvalbumin (PV) and calbindin (CB) in the visual thalamic and mesencephalic centers of

the pigeon (Columba livia). We used a combination of immunohistochemistry and double

labeling immunofluorescent technique. Structures studied included the thalamic relay

centers involved in the tectofugal (nucleus rotundus, Rot) and thalamofugal (nucleus

geniculatus lateralis, pars dorsalis, GLd) visual pathways as well as pretectal, mesence-

phalic, isthmic and thalamic structures inducing the driver and/or modulatory action to

the visual processing. We showed that neither of these proteins was unique to the Rot or

GLd. The Rot contained i) numerous PV-immunoreactive (ir) neurons and a dense neuropil,

and ii) a few CB-ir neurons mostly located in the anterior dorsal part and associated with a

light neuropil. These latter neurons partially overlapped with the former and some of them

colocalized both proteins. The distinct subnuclei of the GLd were also characterized by

different patterns of distribution of CaBPrs. Some (nucleus dorsolateralis anterior, pars

magnocellularis, DLAmc; pars lateralis, DLL; pars rostrolateralis, DLAlr; nucleus lateralis

anterior thalami, LA) contained both CB- and PV-ir neurons in different proportions with a

predominance of the former in the DLAmc and DLL. The nucleus lateralis dorsalis of nuclei

optici principalis thalami only contained PV-ir neurons and a neuropil similar to the

interstitial pretectal/thalamic nuclei of the tectothalamic tract, nucleus pretectalis and

thalamic reticular nucleus. The overlapping distribution of PV and CB immunoreactivity

was typical for the pretectal nucleus lentiformis mesencephali and the nucleus ectoma-

millaris as well as for the visual isthmic nuclei. The findings are discussed in the light of

the contributive role of the phylogenetic and functional factors determining the circuits'

specificity of the different CaBPr types.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Multichannel processing of environmental information con-
stitutes a fundamental basis of functioning of sensory sys-
tems in the vertebrate brain (Livingstone and Hubel, 1988;
Young, 1998; Born, 2001; Nassi and Callaway, 2009; Shimizu
et al., 2010). Two distinct parallel visual systems – the
tectofugal and thalamofugal exist in all amniotes (Butler
and Hodos, 2005; Shimizu et al., 2010; Butler et al., 2011).

1.1. The tectofugal system (the visual thalamic relay
nucleus rotundus)

The tectofugal system is the principal visual pathway in most
avian species, playing a pivotal role in the visual information
processing. Its thalamic relay nucleus, the nucleus rotundus
(Rot) has no direct retinal afferents, receives visual informa-
tion after relaying in the optic tectum and further projects to
the telencephalic target entopallium (Karten, 1969; Benowitz
and Karten, 1976; Shimizu and Karten, 1991; Hellmann and
Güntürkün, 2001; Reiner et al., 2004, 2005; Wylie et al., 2009;
Fredes et al., 2010; Shimizu et al., 2010). The avian Rot
consists of several distinct subdivisions (dorsal anterior, Da;
central, Ce; posterior, PO, and triangular, Tr) distinguished by
discrete projections from different types of tectal and pre-
tectal neurons, their individual projections upon the ento-
pallium and by different roles in the discrimination of various
visual flows (Benowitz and Karten, 1976; Mpodozis et al., 1996;
Deng and Rogers, 1998; Hellmann and Güntürkün, 1999;

Becker and Redies, 2003; Marín et al., 2003; Fredes et al.,
2010; Shimizu et al., 2010). Several authors have suggested
that the avian tectofugal visual system is a homologous to
the mammalian extrastriate visual system (colliculus super-
ior – nucleus lateralis posterior/pulvinar (LP/Pulv) – extrastri-
ate cortex (“neocortex hypothesis” Karten, 1969, 2013;
Benowitz and Karten, 1976; Mpodozis et al., 1996; Karten
et al., 1997; Deng and Rogers, 1998; Luksch et al., 1998;
Hellmann and Güntürkün, 1999, 2001; Becker and Redies,
2003; Marín et al., 2003; Wylie et al., 2009; Fredes et al., 2010;
Shimizu et al., 2010; Cook et al., 2013). However, on the basis
of embryology, genetic, hodological and neurochemical find-
ings, the sauropsid Rot is considered as a homologue of the
intralaminar/some posterior nuclei in the mammalian thala-
mus, and its target in the Advr as a homologue of the
claustro-amygdalar complex (“claustro-amygdalar hypoth-
esis” Dávila et al., 2000, 2002; Puelles, 2001; Bruce et al.,
2002; Guirado et al., 2005; Striedter, 2005; Bruce, 2007; Xi
et al., 2008). The problem of the homology of the tectofugal
visual system across amniotes remains unsolved.

1.2. The thalamofugal system (the visual relay thalamic
nucleus geniculatus lateralis, pars dorsalis)

In the avian thalamofugal visual pathway, the thalamic
nucleus geniculatus lateralis, pars dorsalis (GLd) - principal
thalamic relay optic nucleus (OPT), according to Karten et al.
(1973) receives a direct retinal projection and further projects
to the hyperpallial posterior Wulst (Karten et al.,1973; Miceli
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