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T  he present Master’s Dissertation shows a 

layout that may be different of the commonly 

presented so far. It is due to the fact that the study 

conducted here is a complete Atlas of Brain of a fish. 

Generally, the main feature of a Brain Atlas is its 

complexity and the detailed description of different 

brain areas and nuclei, which is the case of the 

present study. Thus, the study performed was 

organized strategically in different chapters to 

provide a better illustration of the work developed. 

Moreover, in the presentation of the Atlas of catfish 

brain we have assumed the structure of traditional 

publications in this field, as observed for the last 

studies published. Besides, we have considered that 

could be useful to write it in English to make easy 

future publications of these data in an international 

scientific Journal, i.e. Journal of Morphology; Brain, 

Behavior and Evolution; Acta Histochemica, or 

another. 

Therefore, three main chapters for this Master’s 

Dissertation have been adopted. Firstly, in the 

, a detailed cytoarchitectonic analysis of 

the brain of the catfish Steindachneridion parahybae 

has been carried out. In this chapter we present a 

complete and detailed description of all encephalic 

areas and nuclei of the catfish, illustrated with several 

microphotographs and plates that combine images 

and schemes as a graphical complement in the 

description of all the brain cell masses. We have also 

presented several schemes that are not cited 

throughout this chapter, but serves as a practice tool 

for futures studies focused in the brain of catfish. 

Additionally, a discussion of the results obtained 

compared with that reported in other teleost fishes is 



17µm 

presented for concluding this part. In the second 

section, the , previous 

immunohistochemical analyses of Gonadotropin-

Releasing Hormone 1 (GnRH-I) system in the brain of 

catfish are presented. These analyses were performed 

in a few animals due to the difficulty that we had for 

implementing this technique in juvenile catfish. 

Nonetheless, the Atlas of the catfish brain developed 

in the previous chapter was revealed as a valuable 

tool to approach the present study. An important 

illustration of this application is revealed in the last 

scheme used in the Chapter II, where the precise 

localization of the cfGAP-immunoreactive neurons 

and its projections is showed along the brain. The 

third, and last, chapter represents the concluding 

section of this Master’s Dissertation, and is presented 

as , which serves to 

expose the main achievements reached in the present 

studies. 

I would like to make special mention to the 

section “Acknowledgments”. Firstly, this section is 

presented in Portuguese and Spanish, but not in 

English. It was made in this way to show my closeness 

and appreciation to people that in some cases do not 

speak English as a first language. Surprisingly, this 

section was gradually increasing in length and, for 

this reason, it has been placed in the last part of this 

Master’s Dissertation. So, I (Medrado), kindly invite 

you to read this Acknowledgments section at the end 

of this Dissertation, specifically in the page 203. 



 

 

 

 

 

 

 

 

 

 

 

 

Images from Preface: 

Both images represent coronal (transverse) sections (5 µm-thick) of the catfish 

brain, stained with cresyl-violet. The first image represents the vagal lobe (above) 

and large neurons of the vagal nerve motor nucleus (below). The second image 

represents the granular cells associated to the medial auditory nucleus, medially 

(left) by the ependymal periventricular cells, and laterally (right) by fibers of the 

brachium conjunctivum. 

 

 

 

 

  

 

 

 

 

 



 

 

Esta Dissertação de Mestrado, apresenta-se estruturalmente como um Atlas, em que é 

apresentado um detalhado estudo citoarquitetônico do encéfalo de catfish - Steindachneridion 

parahybae. Para a realização deste, foram utilizados 7 juvenis de 100 dias após a eclosão, 

analisados por técnicas rotineiras de histologia, cujas secções coronais (transversais) - 5µm de 

espessura - foram obtidas utilizando-se de um micrótomo rotativo, coradas com violeta de 

cresil e examinadas a partir de sistema digital de análise. Alguns critérios foram utilizados 

para classificar as diferentes massas de células do cérebro catfish, tais como: (i) o tamanho 

característico, forma e intensidade da coloração do corpo celular do neurônio; (ii) padrão de 

densidade de agrupamento e distribuição dos corpos celulares; (iii) a presença de neurópilos 

ao redor dos desses agrupamentos celulares e (iv) a consistência/coerência destes 

agrupamentos em ambos os hemisférios dos diferentes encéfalos, então analisados. Dessa 

forma, são descritas aproximadamente 130 massas celulares para o encéfalo de S. parahybae, 

as quais estão distribuídas em quatro principais regiões que, da parte rostral para caudal, são: 

telencéfalo, diencéfalo, mesencéfalo e rombencéfalo. Embora sejam observadas semelhanças 

entre o encéfalo de S. parahybae e de outros teleósteos, nota-se, também, certas diferenças 

quanto às características e/ou localização das massas celulares em relação ao encéfalo de 

outros teleósteos, ou mesmo quando comparado com espécies da mesma Ordem, 

Siluriformes. Algumas destas diferenças podem estar relacionadas com a idade dos animais 

estudados, no entanto, também podem representar diferenças espécie-específicas, uma vez 

que o encéfalo de indivíduos adultos de S. parahybae apresentam grande similaridade 

citoarquitetônica, além da organização geral do encéfalo, previamente observadas em animais 

acima dos 100 dias após a eclosão. Portanto, como resultado deste estudo tem-se a 

disponibilidade de um Atlas completo do encéfalo de S. parahybae, o qual representa uma 

ferramenta valiosa para o estudo das conexões neurais entre diferentes áreas do encéfalo, bem 

como para futuras análises endócrinas, permitindo o mapeamento preciso de neuro-hormônios 

nesta espécie, como demonstrado ao longo deste estudo, para o hormônio liberador de 

gonadotropinas. 

 



Palavras-chave: Encéfalo, Neurônios, Sistema Nervoso Central, Neuroanatomia, 

Neuroendocrinologia, Histologia, Fisiologia, Imuno-histoquímica, Steindachneridion 

parahybae. 

 

 

In the present Master’s Dissertation, a detailed cytoarchtectonic study of the brain of the 

juvenile catfish – Steindachneridion parahybae, has been performed. The animals used for 

this Atlas were juvenile specimens of one hundred days post-fertilization. The coronal 

(transverse) sections (5µm-thick) were obtained by using a rotary microtome, stained with 

cresyl-violet and examined under a photomicroscopy with the help of a digital system of 

analysis. Some criteria have been used to classify the different cell masses of the catfish 

brain: (i) characteristic size, shape and intensity of the staining from the perykarya; (ii) 

packing density and distribution pattern of the cell bodies; (iii) neuropil surrounding the cell 

groups and (iv) consistency of cell groups in both hemispheres and different brains of catfish. 

Thus, around one hundred and thirty nuclei have been described in the catfish brain, which 

are distributed in four main region that are from rostral to caudal: telencephalon, 

diencephalon, mesencephalon and rhombencephalon. Although we have observed important 

similarities between the brain of catfish and other teleosts, we have also noticed some 

differences in the characteristics and placement of several nuclei in relation to other teleosts, 

or even when compared to the brain of species of the same Order, the Siluriformes. Some of 

these differences could be related with the age of the animals studied here, but probably 

represent species-specific differences because the brain of adult catfish specimens has a great 

similarity in cytoarchitecture and overall organization compared to younger animals. The 

main outcome of this study has been the availability of a complete Atlas of the brain of 

catfish, which has been used to localize precisely the distribution of cells and fibers of the 

Gonadotropin-releasing hormone in the brain. This Atlas will also represent a valuable tool 

for future endocrine analyses, allowing the precise mapping of the different neurohormones 

in the brain of catfish, as well as for the study of neural connections among different brain 

areas. 

 

Key-words: Brain, Neurons, Central Nervous System, Neuroanatomy, 

Neuroendocrinology, Histology, Physiology, Immunohistochemistry, Steindachneridion 

parahybae. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ATLAS OF THE BRAIN, A TOOL FOR THE STUDY OF THE 

NEUROENDOCRINOLOGY OF FISHES 

AS for any class of vertebrates, the development of neuroendocrinology in fish has been 

tightly dependent on anatomo-functional studies aiming at identifying brain regions 

potentially implicated in neuroendocrine regulation of pituitary functions and at tracing the 

neuronal systems participating in those regulations. For a given species, such studies require 

the availability of an atlas of the brain of this particular or a closely related species. The best 

example of this requirement is illustrated by the tremendous impact that the publication of the 

atlas of the goldfish brain by Peter and Gill (1975) had on fish neuroendocrinology.  

Teleosts represent the largest group of vertebrates with over 25.000 species, 58 orders 

and 468 families (Nelson, 2006), with a long evolutionary history and a dramatic diversity. 

Although the overall pattern of organization of the brain is similar in all fish, there is a 

considerable variation in the topology of many brain regions from one species to another and 

the amplitude of this variation increases with the evolutionary distance separating these 

species. Thus, a complete brain atlas for the electric fish Apteronotus leptorhynchus 

(Gymnotiformes) (Maler et al., 1991), a recently developed atlas for the zebrafish 

(Wullimann et al., 1996) and a number of brain partial atlases have already been published in 

the goldfish, Carassius auratus (Cypriniformes) (Peter & Gill, 1975), the killifish, Fundulus 

heteroclitus (Cyprinodontiformes) (Peter et al., 1975), and two salmonids, the rainbow trout, 

Oncorhynchus mykiss (Billard & Peter, 1982) and the Atlantic salmon, Salmo salar (Peter et 

al., 1991). 

 

THE GONADOTROPIN-RELEASING HORMONE IN FISHES: 

BRIEF HISTORIC AND DISTRIBUTION IN THE BRAIN 

 

The existence of vascular contact between the hypothalamus and the pituitary was 

demonstrated in the 1930's, but it was not until the 1940's and 1950's that Geoffrey Harris, 

one of the pioneers of neuroendocrinology, began to consolidate the concept of 

neurohormonal regulation of adenohypophysary functions. This concept was at first in 

conflict with the existing lines of research, whereby it was held that neurons only 

communicated with each other by means of electrical signals, and that the anterior lobe of the 

adenohypophysis of mammals was not innervated. The experiments of Geoffrey Harris 



 

provided a confirmation that sectioning the pituitary stalk interrupted ovarian cyclicity in the 

rat, and that the restitution of the hypothalamus-hypophysary portal system restored this 

cyclicity. These studies opened the way to the discovery of the brain factors that are 

transported by this vascular system to the pituitary to regulate the secretion of gonadotropins 

and development of the gonads (Donovan & Harris, 1954). Then the 1970's saw the 

discovery by the research groups of Dr. Roger Guillemin (France) and Dr. Andrew Schally 

(United States) of a decapeptide of the mammalian hypothalamus that was called LH-RH 

(Luteinizing-Hormone Releasing Hormone) because of its capacity to stimulate the secretion 

of luteinizing hormone (Burgus et al., 1971; Matsuo et al., 1971). Subsequently it was 

observed that it was also capable of stimulating the secretion of follicle-stimulating hormone 

(FSH), and for this reason it was given its generic name: gonadotropin-releasing hormone or 

GnRH. 

But in reality, GnRH is a family of peptides with a multiplicity of isoforms (24 different 

isoforms) that are present in vertebrates, protochordates and invertebrates (Matsuo et al., 

1971; King & Millar, 1982a; King & Millar, 1982b; Sherwood et al., 1983; 

Ngamvongchon et al., 1992; Lovejoy et al., 1992; Sower et al., 1993; Powell et al., 1994; 

Powell et al., 1996a; Powell et al., 1996b; Jimenez-Liñan et al., 1997; Carolsfeld et al., 

2000; Okubo et al., 2000; Yoo et al., 2000; Zhang et al., 2000; Montaner et al., 2001; 

Iwakoshi et al., 2002; Adams et al., 2002). These forms of GnRH have traditionally received 

the name of the species in which they were discovered for the first time, although they can be 

present in other different species. Within the vertebrates, teleosts represent the phylogenetic 

group that expresses the largest number of variants of GnRH. 

Regarding the distribution of the GnRH cells, its basic pattern in teleost fishes 

suggested the existence of two principal systems: one GnRH system distributed along the 

ventral portion of the forebrain (terminal nerve, ventral telencephalon, preoptic area and 

hypothalamus), that expresses different forms of GnRH according to the species; and another 

GnRH system in the transition between the diencephalon and the mesencephalon 

(synencephalon), that expresses GnRH-2 in a conserved form (Goos et al., 1985; Kah et al., 

1986; Batten et al., 1990; Kah et al., 1991; Rodríguez-Gómez et al., 1999; Kah et al., 

2007). Subsequently, studies conducted in species of perciforms demonstrated that these 

evolved teleosts express three different forms of GnRH in the brain: sGnRH (GnRH-3), 

sbGnRH (GnRH-1) and cGnRH-II (GnRH-2) (Powell et al., 1994; White et al., 1995; 

Gothilf et al., 1996; Senthilkumaran et al., 1999). These three forms of GnRH have a clear 

stimulatory action on the release of pituitary gonadotropins, with the GnRH-2 and GnRH-3 



 

forms having more potent effects compared with the GnRH-1 form (Zohar et al., 1995). 

However, the GnRH-1 form presents much higher levels in the pituitary of perciforms, 

indicating that this is the isoform that carries out the physiological hypophysiotrophic 

functions (Powell et al., 1994; Holland et al., 1998; Rodríguez et al., 2000; González-

Martínez et al., 2002). The GnRH-3 and GnRH-2 forms seem to perform neurotransmitter, 

neuromodulatory and/or behavioural actions, although their functions have still not been fully 

clarified (Zohar et al., 2001; Fernald & White, 1999).  

Morphofunctional studies appeared to demonstrate a clear neuroanatomical segregation 

of the cellular systems that express these three forms of GnRH in the brain of perciforms 

(Gothilf et al. 1996; White & Fernald, 1998). Thus, the expression of the GnRH-3 form 

takes place in cells of the olfactory bulbs and the terminal nerve; the cells of the preoptic area 

express the GnRH-1 form; and lastly, the GnRH-2 form is expressed in cells of the dorsal 

synencephalon, in the transition between the diencephalon and the mesencephalon (Gothilf et 

al., 1996; Parhar, 1997). Based on this neuroanatomical and functional segregation, and on 

observations obtained during ontogenic development, several authors proposed that the three 

GnRH systems expressed in the brain of perciforms originated from different embryonic 

primordia (Parhar, 1997). Thus, the neurons that express GnRH-3 would have developed 

from the olfactory placode, while the GnRH-1 and GnRH-2 cells would have developed from 

primordia of the basal preoptic area and of the mesencephalon, respectively. However, in 

vertebrates such as the amphibians, birds and mammals, all the GnRH cells of the forebrain 

developed from the same primordium in the olfactory placode, while the GnRH cells of the 

midbrain originate from another primordium in the germinal zone of the third ventricle 

(Schwanzel-Fukuda & Pfaff, 1989; Schwanzel-Fukuda, 1999).  

But evidences have been accumulated to show that the expression of three different 

forms of GnRH in the brain of teleosts is not restricted to perciforms, but is a fairly extensive 

characteristic of teleosts, since three different isoforms of GnRH have also been detected in 

clupeiforms (Carolsfeld et al., 2000), characiforms (Powell et al., 1997), salmoniforms 

(Adams et al., 2002), atheriniforms (Montaner et al., 2001; Guilgur et al., 2007), 

synbranchiforms (Somoza et al., 2002), beloniforms (Okubo et al., 2000), cyprinodontiforms 

(Somoza et al., 2002), scorpaeniforms (Powell et al., 1996a), pleuronectiforms (Andersson 

et al., 2001; Amano et al., 2002) and tetraodontiforms (Aparicio et al., 2002; Lethimonier 

et al., 2004). The presence of three GnRH genes has also been described in other species of 

salmonids, cyprinids and silurids, although in these cases this seems to be due to phenomena 

of tetraploidization that have determined subsequent duplications of the GnRH-1 gene 



 

(catfish), the GnRH-2 gene (goldfish) and the GnRH-3 gene (trout and salmon) (Kah et al., 

2007). Although the occurrence of a third form of GnRH has also been suggested in other 

vertebrates, including humans (Sherwood et al., 1986; Montaner et al., 1998; Yahalom et 

al., 1999), its presence has not been demonstrated yet. 
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ABSTRACT 

 Teleosts comprise approximately 50 per cent of all vertebrates’ species 

and, due to the large variety and different adaptive features found in this 

group, many studies have been conducted to better understand important 

events in life from these animals. Among the various studies, we highlight 

those related to reproductive physiology and neuroendocrinology, which 

are directed to obtain in-depth knowledge of different neurohormones that 

trigger most relevant processes involved in reproduction. Accordingly, there 

is a great interest in knowing the different brain areas where 

neurohormones acting on the endocrine control of reproduction are 

produced and where these neurohormones are released. It should be noted 

that although the overall pattern of organization of the brain is similar in all 

fish, there is a considerable variation in the topology of many brain regions 

from one species to another and the amplitude of this variation increases 

with the evolutionary distance separating these species. Thus, around one 

hundred and thirty nuclei have been described in the catfish brain, which 

are distributed in four main region that are from rostral to caudal: 

telencephalon, diencephalon, mesencephalon and rhombencephalon. 

Although we have observed important similarities between the brain of 

catfish and other teleosts, we have also noticed some differences in the 

characteristics and placement of several nuclei in relation to other teleosts, 

or even when compared to the brain of species of the same Order, the 

Siluriformes. 
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INTRODUCTION 

 

TELEOSTS represent a large group within the vertebrates, being the oldest within the 

subphylum Vertebrata, which is included in the Phylum Chordata (Hieckman, et al., 2004). 

In fact, with approximately 28,000 species currently recognized, they account for around 50% 

of species of Vertebrates (Nelson, 2006). This large group can be divided into three extant 

Classes Agnatha (jawless fish), Chondrichthyes (cartilaginous fishes), and Osteichthyes (bony 

fish). Currently, bony fishes are divided into two other subclasses: the Sarcopterygii (fleshy 

finned fishes, ancestors of tetrapods) and Actinopterygii (ray finned fishes). The latter one, 

represents the majority of finfish and has been the largest and most predominant group since 

the Paleozoic era. Within this group, the most representative are the teleosts (Teleostei), with 

over 23,000 living species (Nelson, 2006). 

As for any class of vertebrates, the development of neuroendocrinology in fish has been 

tightly dependent on anatomo-functional studies aiming at identifying brain regions 

potentially implicated in neuroendocrine regulation of pituitary functions and at tracing the 

neuronal systems participating in those regulations. However, despite the high diversity in 

teleost group, detailed and complete cytoarchitectonic studies of the brain have been 

accomplished only in a few species. Among the studies providing detailed cytoarchitectonic 

analysis of different brain regions, many of them have been focused in the telencephalon. The 

distribution and location of the different telencephalic nuclei were studied in several species 

such as Anguilla japonica (Mukuda & Ando, 2003), Dicentrarchus labrax (Cerdá-

Reverter, 2001a), Sparus aurata (Muñoz-Cueto et al., 2001), Carassius auratus (Morita & 

Finger, 1987; Rupp, B. et al, 1996), Oncorhynchus mykiss (Nieuwenhyus et al., 1998), 

Danio rerio (Wullimann et al., 1996) and Ictalurus punctatus (Bass, 1981) (for review see 

Northcutt & Davis, 1983; Northcutt, 2008). Apart from the telencephalon, the 

cytoarchitecture of the diencephalon has also been investigated in osteoglossoform (Butler & 

Saidel, 1991), clupeomorph (Butler & Northcutt, 1993) and perciform (Muñoz-Cueto et al., 

2001, Cerdá-Reverter, 2001b; Fernald & Shelton, 1985) species. Additionally, detailed 

cytoarchitectonic studies for several species of fish have already been published, providing 

complete brain atlases for the electric fish, Apteronotus leptorhynchus (Gymnodontiformes; 

Maler et al, 1991), the swordtail fish, Xiphophorus helleri (Cyprinodontiformes; Anken & 

Rahmann, 1994), zebra fish, Danio rerio (Cypriniformes Wullimann et al, 1996) and 



 

gilthead seabream, Sparus aurata (Perciformes; Muñoz-Cueto et al, 2001), as well as a great 

number of partial brains atlases, as those of goldfish, Carassius auratus (Cypriniformes; 

Peter & Gill, 1975), the killifish, Fundulus heteroclitus (Cyprinodontiformes; Peter et al, 

1975), and two salmonids, the rainbow trout, Oncorhynchus mykiss (Bilard & Peter, 1982) 

and the Atlantic salmon, Salmo salar (Peter et al, 1991). 

Another reason to approach these cytoarchitectonic studies is that the brain of fish can 

vary considerably between groups and/or species depending upon several factors, including 

the environment and the ecological niche occupied by the species, among others. During 

evolution, these factors have exerted a selective pressure, favoring individuals better adapted 

to different environmental conditions (Ito et al., 2007, Kotrschal et al, 1998; Eastman & 

Lanoo, 1995; Northcutt, 2008; Trajano, 1994). As a result, and compared with other 

vertebrates, fish have a greater diversification in the brain morphology (Kotrschal et al., 

1998). This diversity might be, at least in part, related to the high sensory modality that fish 

need in their aquatic habitat, due to the physicochemical properties of water (Atema et al., 

1988). Interestingly, in addition to sight, hearing and olfaction, fish exhibit a sensory diversity 

because the existence of mechanoreceptors (lateral line and barbels), chemoreceptors (taste 

buds) and electroreceptors (e.g. in Gymnodontiformes) (Brandstätter & Kotrschal, 1989, 

1990). Moreover, neurogenesis in fish continues throughout life, being this allometry a 

putative factor that would cause morphological changes in the fish brain (Brandstätter & 

Kotrschal, 1989, 1990), and therefore, that would be on the basis for such variety in brain 

morphology. 
 

 

 

 

 



 

METHODOLOGICAL CONSIDERATIONS 

 

Animals 

The specimens used in this study (n=7) were obtained from induced artificial 

reproduction (Caneppele, 2009) at the Hydrobiology and Aquaculture Station of the Energy 

Company of São Paulo (CESP). The animals were acclimated in rectangular tanks (72L, at a 

temperature of 29°C) from hatching to the 100 day post-hatching (dph). During the sampling, 

it were desensitized with benzocaine (ethyl p-aminobenzoate) (1g/10L H20) and placed in a 

fixing solution (acetic Bouin) for 24 hours. It should be emphasized here that the procedures 

followed in this study were according to the protocol 072/2008 of the Animal Ethics 

Committee from the Institute of Biosciences of the University of São Paulo. 

 

Histology 

According to routine histological techniques, animals were transferred to ethanol 700 

GL after 24 hours of fixation. The samples were dehydrated by several soaking in 95% 

ethanol and absolute ethanol, clarified in xylene (dimethylbenzene) and finally, embedded in 

paraffin. Serial coronal sections (5μm-thick) were made with a rotary microtome and stained 

with cresyl violet (Gabe, 1968). The images were analyzed on an Olympus BH-2 

photomicroscope and Adobe Photoshop CS5.5® was used for treatment of images. The 

different cell groups were identified according to the following criteria: 1) characteristic size, 

shape and intensity of the cell body; 2) packing density and distribution pattern of the cell 

bodies; 3) neuropil surrounding cell groups, and 4) consistency of cell groups in both 

hemispheres and different brains. 

 

 

 

 

 

 

 

 



BRAINS SUBDIVISIONS AND NOMENCLATURE 

 

 

Lateral views of Steindachneridion parahybae* brain are shown in Figure 1, in which the 

left brain hemisphere is presented. As occurs in other actinopterigyans fish, in the catfish 

brain we have recognized four main areas: telencephalon, diencephalon, mesencephalon, and 

rhombencephalon (including the metencephalic cerebellum and the myelencephalon) 

(Nieuwenhuys, 1982). In turn, these areas can be subdivided into different regions, zones and 

nuclei, as presented in Table I. 

As in other teleosts, the telencephalon (Tel) of S. parahybae shows in its rostral region a 

pair of olfactory bulbs (OB), followed by the caudal telencephalic hemispheres. However, 

catfish OB are separated from the cerebrum by a medium olfactory tract (OTM), which is 

evident from 22 days post-hatching (dph) of development, and exhibits a growth proportional 

to the size of the animal after 88 dph. This separation between the OB and the telencephalic 

hemispheres is common in other silurid species (Plotosus lineatus, Ictalurus punctatus, 

Silurus asotus, Clarias gariepinus, Pimelodella transitory, P. kronei, Oxydoras sifontesi, 

Ariopsis seemanni) and also in other fish Orders, such as Cypriniformes (Carassius auratus, 

Cyprinus carpio), Osteoglossiformes (Xenomystus sp., Gnathonemus sp.) and Gymnotiformes 

(Eigenmannia sp) (Bass, 1981; Trajano, 1994; Saidel & Butler, 1991; Wullimann et al, 

1996; Kotrschal et al, 1998; Butler, 2000; Dubois et al, 2001; Ito et al, 2007; Chávez-

Aponte et al, 2009; Londoño & Giraldo, 2010). In addition, as it is showed in these studies, 

other feature of the siluriform brain is the well-developed cerebellum, which is emitted 

rostrally to cover the mesencephalon and part of the telencephalon, as it is recognized 

anatomically (Fig. 1) or in histological coronal sections. 

With slight differences, the diencephalon of our catfish species is similar to that 

observed in other teleosts. Nevertheless, some areas such as the cell masses of the migrated 

nuclei of the posterior tubercle were grouped differently from that observed, for example, in 

Ictalurus punctatus (Striedter, 1990), although this study has served as the main reference. 

The diencephalon of catfish is organized in nine main areas: (1) preoptic area; (2) 

hypothalamus; (3) epithalamus; (4) ventral thalamus; (5) dorsal thalamus; (6) posterior 

(*) Both “catfish” and “surubim” common names were eventually used to refer to the fish species studied in this 

Atlas – Steindachneridion parahybae. When referring to another catfish species, the name used was 

“Siluriformes”, “silurids”, “catfish species” or similar, but never “catfish” as a single word. 

 



tubercle; (7) synencephalon; (8) pretectum and (9) accessory optic nuclei. More caudally, the 

midbrain is composed of the mesencenphalic tectum and tegmentum. The bilateral lobes of 

the tectum are bridged dorsally by the tectal commissure and are composed of the optic 

tectum and the longitudinal torus, which are located caudal to the habenular commissure and 

the finger-shaped habenular structures. In turn, the mesencephalic tegmentum is a complex 

region that in catfish has been organized into different zones - medial, central and lateral 

zones - each of them exhibiting several subdivisions. The rhombencephalon of catfish 

comprises a metencephalic prominent structure, the cerebellum, which is subdivided into the 

valvula of the cerebellum, the corpus of the cerebellum and the vestibulolateral lobe. Finally, 

we have considered four main regions in the rest of the catfish rhombencephalon: (1) reticular 

formation, (2) octavolateral area, (3) somatomotor and visceromotor area and (4) other nuclei. 

Many nomenclatures have been used in literature for naming the different cell masses in 

fish brain, but in order to be consistent and avoid confusion, we have used the more accepted 

nomenclature for fish neuroanatomical studies. Thus, for the description of the telencephalic 

cell nuclei in S. parahybae, were followed the nomenclatures according to Northcutt and 

Braford (1980), Bass (1981), Northcutt and Davis (1983), Cerdá-Reverter et al. (2001a) 

and Muñoz-Cueto et al. (2001). For the diencephalon, we have followed classification as in 

Braford and Northcutt, (1983), Butler and Northcutt (1993) and Cerdá-Reverter et al. 

(2001b) with additional elaborations by Striedter (1990). And finally, for the description of 

the mesencephalon and rhombencephalon, we were based mainly in studies performed by 

McCormick (1982), Nieuwenhuys (1982), Finger and Tong (1984), Wulliman and 

Northcutt (1988), Finger and Kanwal (1992), Kanwal and Finger (1997) and Cerdá-

Reverter et al. (2008). 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – Drawing of the catfish (Steindachneridion parahybae) and its brain. A) Drawing of a juvenile catfish 

of 100 days post-fertilization; B-D) Lateral views of the catfish brain showing the levels where coronal sections 

were made and illustrated in figures presented in this report. The figures indicate the planes of sections presented 

for the telencephalon (B), diencephalon (C), midbrain and hindbrain (D), respectively. Scale bar: A) 1 cm; B-D) 

2mm. The abbreviations used are show in Table 1. 
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TABLE I 
Organization of the brain areas of the catfish 

(Steindachneridion parahybae). 
 

 

 

 

 

 

 

 

 

 

 

 



1. TELENCEPHALON (Tel) 

 

1.1. OLFACTORY BULBS (OB) 

Internal cellular layer of the olfactory bulbs (ICL) 

Secondary olfactory fiber layer of the olfactory bulbs (SOF) 

External cellular layer of the olfactory bulbs (ECL) 

Glomerular layer of the olfactory bulbs (GL) 

Olfactory nerve fiber layer of the olfactory bulbs (OLN) 

 

1.2. CEREBRAL HEMISPHERES  

Dorsal Area (D) 

medial part (Dm) 

medial subdivision (Dmm) 

dorsal subdivision (Dmd) 

caudal subdivision (Dmc) 

central part (Dc) 

subdivision 1 (Dc1) 

subdivision 2 (Dc2) 

dorsal part (Dd) 

lateral part (Dl) 

dorsal subdivision (Dld) 

ventral subdivision (Dlv) 

posterior subdivision (Dlp) 

posterior part (Dp) 

taenia nucleus (NT) 

Ventral Area (V) 

central part (Vc) 

dorsal part (Vd) 

lateral part (Vl) 

ventral part (Vv) 

supracommissural part (Vs) 

postcommissural part (Vp) 

intermedial part (Vi) 

entopeduncular nucleus (E) 

lateral septal organ (LSO) 

 

2. DIENCEPHALON (Die) 

2.1. PREOPTIC AREA (POA) 

Parvocellular preoptic nucleus (NPO) 



2. DIENCEPHALON (Die), continued 

 

parvocellular part (NPOpc) 

magnocellular part (NPOmc) 

gigantocellular part (NPOgc) 

Anterior periventricular nucleus (NAPv) 

Suprachiasmatic nucleus (NSC) 

Posterior periventricular nucleus (NPPv) 

 

2.2. HYPOTHALAMUS 

Medial tuberal zone 

lateral tuberal nucleus (NLT) 

central part (NLTc) 

dorsal part (NLTd) 

inferior part (NLTi) 

medial part (NLTm) 

ventral part (NLTv) 

anterior tuberal nucleus (NAT) 

nucleus of the lateral recess (NRL) 

dorsal part (NRLd) 

ventral part (NRLv) 

nucleus of the posterior recess (NRP) 

Lateral or inferior zone 

central nucleus of the inferior lobe (NCLI) 

diffuse nucleus of the inferior lobe (NDLI) 

lateral part of the nucleus of the lateral recess (NRLl) 

posterior part of the nucleus of the lateral recess (NRLp) 

 

2.3 EPITHALAMUS 

Habenular nucleus (Ha) 

ventral part (Hav) 

dorsal part (Had) 

Epiphysis (Ep) 

 

2.4. VENTRAL THALAMUS 

Ventromedial thalamic nucleus (VM)  

Ventrolateral thalamic nucleus (VL) 

Intermediate thalamic nucleus (I) 

 

2.5. DORSAL THALAMUS 



2. DIENCEPHALON (Die), continued 

 

Anterior thalamic nucleus (A)  

Central posterior thalamic nucleus (CP) 

Dorsal posterior thalamic nucleus (DP) 

 

2.6. POSTERIOR TUBERCLE 

Periventricular nuclei 

periventricular nucleus of the posterior tubercle (TPp) 

paraventricular organ (PVO) 

nucleus of the paraventricular organ (nPVO) 

posterior tuberal nucleus (NPT) 

Migrated nuclei 

preglomerular nuclear complex 

preglomerular anterior nucleus (NPGa) 

preglomerular lateral nucleus (NPGl) 

anterior part of the lateral preglomerular nucleus (NPGla) 

dorsal part of the lateral preglomerular nucleus (NPGld) 

ventral part of the lateral preglomerular nucleus (NPGlv) 

preglomerular medial nucleus (NPGm) 

supraglomerular nuclear complex 

supraglomerular nucleus (SPG) 

subglomerular nuclear complex 

subglomerular nucleus (SG) 

caudomedial nuclei 

preglomerular commissural nucleus (NPGc) 

mammillary bodies (CM) 

outlying nuclei 

nucleus of the lateral torus (TLa) 

posterior thalamic nucleus (PT) 

lateral thalamic nucleus (LT) 

lobobulbar nucleus (LB) 

 

2.7. SYNENCEPHALON 

Periventricular pretectal nucleus 

ventral part (PPv) 

dorsal part (PPd) 

Paracommissural nucleus (NP) 

Nucleus of the medial longitudinal fascicle (nMLF) 

Subcommissural organ (SCO) 



2. DIENCEPHALON (Die), continued 

 

Medial pretoral nucleus (MPN) 

 

2.8. PRETECTUM 

Central pretectal nucleus (NPC) 

Electrosensory nucleus (NES) 

 

2.9. ACCESSORY OPTIC NUCLEI 

Dorsal accessory optic nucleus (DAO) 

Ventral accessory optic nucleus (VAO) 

 

 

3. MESENCEPHALON (Mes) 

 

3.1. MESENCEPHALIC TECTUM 

Optic tectum (OT) 

superficial white and gray zone (SWGZ) 

central zone (CZ) 

deep white zone (DWZ) 

periventricular gray zone (PGZ) 

Longitudinal torus (TLo) 

 

3.2. MESENCEPHALIC TEGMENTUM 

Medial zone  

oculomotor nerve nucleus (nIII) 

secondary gustatory nucleus (NGS) 

Central zone  

lateral nucleus of the valvula (NLV) 

anterior part (nLVa) 

posterior part (nLVp) 

dorsal posterior tegmental nucleus (DPTN) 

isthmic nucleus (NI) 

nucleus of the locus coeruleus (LC) 

perilemniscular nucleus 

medial part (PLm) 

lateral part (PLl) 

Lateral zone  

semicircular torus (TS) 



3. MESENCEPHALON (Mes), continued 

 

central part (TSc) 

ventral part (TSv) 

lateral part (TSl) 

 

4. RHOMBENCEPHALON  
 

4.1. CEREBELLUM 

Corpus of the Cerebellum (CCe) 

molecular layer (M) 

granular layer (G) 

Purkinje cells (P) 

Valvula of the Cerebellum (VCe) 

molecular layer (M) 

granular layer (G) 

Vestibulateral Lobes (LV) 

granular eminence (EG) 

caudal lobe (LoC) 

medial part of the caudal lobe (LoCm) 

eurydendroid cells of the caudal lobe (LoCe) 

 

The rest of the rhombencephalon: 

 

4.2. RETICULAR FORMATION 

Median zone 

superior nucleus of the raphe (SR) 

Medial zone 

nucleus of reticular formation (RF) 

Lateral zone 

lateral reticular nucleus (RL) 

 

4.3. OCTAVOLATERAL AREA 

Octaval nerve nuclei 

anterior octaval nucleus (AON) 

descending octaval nucleus (DON) 

magnocellular nucleus (MAG) 

tangential nucleus (T) 

posterior octaval nucleus (PO) 

Lateral line nerve nuclei 



4. RHOMBENCEPHALON, continued 

 

medial octavolateral nucleus (MON) 

Molecular layer of the electrosensory lateral line lobe and nucleus medialis (m) 

 

4.4. SOMATOMOTOR AND VISCEROMOTOR NUCLEI 

Trochlear nucleus (nIV) 

Trigeminal nerve motor nucleus (Vm) 

Facial nerve motor nucleus (VIIm) 

Vagal nerve motor nucleus (Xm) 

 

4.5. OTHER NUCLEI  

Interpeduncular nucleus (IP) 

Electrosensory lateral line lobe (ELL) 

Facial lobe (FL) 

Granular cells associated with medial auditory nucleus (g aud) 

Inferior olive (IO) 

Medial auditory nucleus of medulla (MAN) 

Mauthner cells (Mc) 

nucleus praeminentialis (PE) 

dorsal part (PEd) 

ventral part (PEv) 

Vagal lobe (VL) 

Spinal trigeminal nerve (nST) 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 
ABBREVIATION 

LIST 
Abbreviations used in this study 



ABBREVIATION LIST 

  

2G secondary gustatory nucleus and tracts 

A anterior thalamic nucleus 

ac anterior commissure 

AON anterior octaval nucleus 

BC brachium conjunctivum 

CCe corpus of the cerebellum 

CM mammillary bodies 

CP central posterior thalamic nucleus 

CZ central zone of the optic tectum 

D dorsal part of the telencephalon 

DAO dorsal accessory optic nucleus 

Dc1 central part of the dorsal telencephalon - subdivision 1 

Dc2 central part of the dorsal telencephalon - subdivision 2 

Dd dorsal part of the dorsal telencephalon 

Die diencephalon 

Dl lateral part of the dorsal telencephalon 

Dld dorsal division of the lateral part of the dorsal telencephalon 

Dlp posterior division of the lateral part of the dorsal telencephalon 

Dlv ventral division of the lateral part of the dorsal telencephalon 

Dm  medial part of the dorsal telencephalon 

Dmc central division of the medial part of the dorsal telencephalon 

Dmd dorsal division of the medial part of the dorsal telencephalon 

Dmm medial division of the medial part of the dorsal telencephalon 

DON descending octaval nucleus 

Dp posterior part of the dorsal telencephalon 

DP dorsal posterior thalamic nucleus 

DPTN    dorsal posterior tegmental nucleus 

DWZ deep white zone of the optic tectum 

E entopeduncular nucleus 

ECL external cellular layer of the olfactory bulbs  

EG granular eminence 



ELL electrosensory lateral line lobe 

FL facial lobe 

FR retroflex fascicle  

G granular layer of the cerebellum 

g aud granule cells associated with medial auditory nucleus 

GL glomerular cellular layer of the olfactory bulbs  

Ha  habenula 

HaCo habenular commissure 

Had dorsal habenular nucleus 

Hav ventral habenular nucleus 

I intermediate thalamic nucleus 

IAF internal arcuate fibers 

ICL internal cellular layer of the olfactory bulbs  

IL inferior lobe of the hypothalamus 

IO inferior olive nucleus 

IP interpeduncular nucleus 

LB lobobulbar nucleus  

LC nucleus of the locus coeruleus 

LFB lateral forebrain bundle 

LL lateral lemniscus 

LLn  nucleus of the lateral lemniscus  

LoC  caudal lobe 

LoCe eurydendroid cells of the caudal lobe 

LoCm  pars medialis of the caudal lobe 

LSO lateral forebrain bundle 

LT lateral thalamic nucleus 

M molecular layer of the cerebellum 

m molecular layer of the electrosensory lateral line lobe and medial nucleus 

MAG magnocellular octaval nucleus 

MAN medial auditory nucleus of the medulla 

Mc Mauthner cells 

MO medulla oblongata 

MON medial octavolateral nucleus 



MOT medial olfactory tract 

MPN medial pretoral nucleus 

NAPv anterior periventricular nucleus 

NAT anterior tuberal nucleus 

NCLI central nucleus of the inferior lobe 

NDLI dorsal nucleus of the inferior lobe 

NES electrosensory nucleus  

NGS secondary gustatory nucleus 

NI isthmic nucleus  

nIII  oculomotor nerve nucleus 

nIV  trochlear nerve nucleus 

NLT lateral tuberal nucleus 

NLTc central part of the lateral tuberal nucleus 

NLTd dorsal part of the lateral tuberal nucleus 

NLTi intermediate part of the lateral tuberal nucleus 

NLTm medial part of the lateral tuberal nucleus 

NLTv ventral part of the lateral tuberal nucleus 

nLV lateral nucleus of the valvula 

nLVa  lateral nucleus of the valvula, anterior part 

nLVp lateral nucleus of the valvula, posterior part 

nMLF nucleus of the medial longitudinal fascicle 

NP paracommissural nucleus 

NPC central pretectal nucleus 

NPGa anterior preglomerular nucleus 

NPGc commissural preglomerular nucleus 

NPGld dorsal part of the lateral preglomerular nucleus 

NPGlv ventral part of the lateral preglomerular nucleus 

NPGm medial preglomerular nucleus 

NPO parvocellular preoptic nucleus 

NPOgc gigantocellular part of the parvocellular preoptic nucleus 

NPOmc magnocellular part of the parvocellular preoptic nucleus 

NPOpc parvocellular part of the parvocellular preoptic nucleus 

NPPv posterior periventricular nucleus 



NPT posterior tuberal nucleus 

nPVO nucleus of the paraventricular organ 

NRL nucleus of the lateral recess 

NRLd dorsal part of the nucleus of the lateral recess 

NRLl lateral part of the nucleus of the lateral recess 

NRLv ventral part of the nucleus of the lateral recess 

NRP nucleus of the posterior recess 

NSC suprachiasmatic nucleus  

nST  spinal trigeminal nucleus 

NT nucleus taenia 

OB olfactory bulb 

OC optic chiasm 

OLN olfactory nerve layer of the olfactory bulbs  

ON olfactory nerve 

OT optic tectum 

P Purkinje cells 

PCo  posterior commissure 

PEd  nucleus praeminentialis, dorsal part 

PEv  nucleus praeminentialis, ventral part  

PGZ periventricular gray zone of the optic tectum 

PIT pituitary 

PLl perilemniscular nucleus, lateral part 

PLm perilemniscular nucleus, medial part 

PO posterior octaval nucleus 

POA preoptic area 

PPd dorsal periventricular pretectal nucleus 

PPv ventral periventricular pretectal nucleus 

PS  pineal stalk 

PT posterior thalamic nucleus 

PVO paraventricular organ 

RF reticular formation 

RL lateral reticular nucleus 

SCO subcommissural organ 



Se sulcus externus 

SG subglomerular nucleus 

Sl sulcus limitans 

SOF secondary olfactory layer of the olfactory bulbs  

SPG supraglomerular nucleus 

SR superior nucleus of the raphe 

SV vascular sac  

SWGZ superficial white and gray zone of the optic tectum 

Sy sulcus ipsilyformis 

T tangential nucleus 

TEG tegmentum of the midbrain 

Tel telencephalon 

TLa  nucleus of the lateral torus  

TLo  nucleus of the longitudinal torus  

TPp periventricular nucleus of the posterior tubercle 

TSc central part of the semicircular torus  

TSl lateral part of the semicircular torus  

TSv ventral part of the semicircular torus  

TTB tectum bulbar tract 

TV trigeminal nerve 

V ventral part of the telencephalon 

VAO ventral accessory optic nucleus 

Vc central nucleus of the ventral telencephalon 

VCe valvula of the cerebellum 

Vd dorsal nucleus of the ventral telencephalon 

Vi intermediate nucleus of the ventral telencephalon 

VII facial nerve 

VIIm facial nerve nucleus 

Vl lateral nucleus of the ventral telencephalon 

VL ventrolateral thalamic nucleus 

VLo vagal lobe 

VM ventromedial thalamic nucleus 

Vm trigeminal nerve motor nucleus 



Vp postcommissural nucleus of the ventral telencephalon 

Vs supracommissural nucleus of the ventral telencephalon 

Vv ventral nucleus of the ventral telencephalon 

X vagal nerve 

Xm  vagal nerve motor nucleus 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1. THE TELENCEPHALON 

 
 

A cytoarchitectonic analysis of the catfish 

(Steindachneridion parahybae) 

telencephalon, performed by using cresyl 

violet-stained serial transverse section is 

presented in this chapter. Although the main 

brain areas have comparable patterns of 

organization among teleost fish, the 

topological morphology of the brain, as well 

as the precise distribution of the 

telencephalic cell masses may vary among 

different teleost groups, or even among 

species of the same Order or Genus. The 

telencephalon of S. parahybae is composed 

of 25 nuclei, which are distributed in three 

main brain zones: paired of olfactory bulbs, 

dorsal telencephalon and ventral 

telencephalon. The olfactory bulbs are 

subdivided into five layers from the outer to 

the inner part: olfactory nerve fiber layer, 

glomerular layer, external cellular layer, 

secondary olfactory fiber layer and the 

internal cellular layer. The dorsal 

telencephalon is formed by eleven cell 

masses, which can be organized into five 

major zones: medial part, central part, 

dorsal part, lateral part and posterior part. 

The nucleus taenia is also found in the dorsal 

telencephalon, but in the caudal portion. We 

have recognized nine main cell masses in the 

ventral telencephalon: central, dorsal, 

lateral, supracommissural and post-

commissural nuclei, as well as four migrated 

cell masses: lateral, intermediate, central 

and entopeduncular nuclei. This study will be 

very useful for deepen into the knowledge of 

the regulation of reproduction in this species, 

because it represents an important tool for 

the precise localization of the neuro-

endocrine brain areas participating in the 

control of this and other relevant 

physiological processes. 

 

 

 

1.1. Olfactory bulbs 

The catfish olfactory bulbs (OB) are paired and well developed structures that lie in the most 

rostral pole of the forebrain. They appear attached to the telencephalon via a fiber tracts that 

connect with the respective cerebral hemispheres (Fig. 1). The OB are organized into five 

concentric cell layers, arranged in a centripetal manner, but not entirely uniform along the 

length of this structure. From the periphery to the inner part, we have recognized different 

layers: (1) a layer composed of fibers coming from the olfactory rosettes of the nasal cavity, 

the olfactory nerve fiber layer of the olfactory bulbs (OLN) (Plate 1A-C, Fig. 2A-B), which 

surrounds the olfactory bulbs, and becomes thinner as the OB become greater; (2) OLN is 

covering an easily distinguishable glomerular layer (GL) due its appearance, which present a 

homogeneous texture that permeates the OB substantially along their entire length (Plate 1B-

C, Fig. 2B); (3) the external layer of the olfactory bulbs (ECL) is characterized by the 



 

presence of mitral cells of varying sizes, but with remarkably few very large cells; although 

this layer is not very thick, it is surrounding the entire OB, being more evident in cross 

sections at the mid rostro-caudal level of the OB (Plate 1B-C, Fig. 2B-C); (4) another nerve 

fiber layer that constitutes the OB is the secondary olfactory fiber layer (SOF) (Plate1B-C, 

Fig. 2B-C), which lies among the ECL and (5) the internal cellular layer of the olfactory 

bulbs (ICL), which represents the central layer of OB and it is easily recognized in 

histological sections because the presence of a compact group of intensely-stained cells (Plate 

1B-C, Fig. 2B-C). 

 

1.2. Telencephalic hemispheres 

 

Dorsal telencephalon 

The dorsal telencephalon (D) of S. parahybae has been subdivided into six main areas: medial 

(Dm), dorsal (Dd), lateral (Dl), central (Dc), posterior (Dp) and nucleus taenia (NT), as 

presented in Table I. The most rostral pole of Tel is represented by two distinct cell mass, 

Dm and Dl, disposed in medial and lateral region, respectively (Plate 2D). The Dm is 

characterized by the presence of small to medium sized rounded cells, which exhibit a 

uniform distribution and an intense staining, while Dl has smaller cells and occupies a minor 

area compared to Dm. As we progress from rostral to caudal in the telencephalon, we 

observed the emergence of Dm and Dl subdivisions, which can be identified taking into 

account some criteria such as the packing density of cells, their size, the intensity of staining 

and some regions of neuropil between cell masses. Thus, in Dm we recognize medial (Dmm) 

and dorsal (Dmd) subdivisions, while the most rostral subdivisions of Dl are dorsal (Dld) and 

ventral (Dlv) ones (Plate 2E, Fig. 2A). Dmm adopts a medial position in the medial zone of 

the dorsal Tel. This cell mass is characterized by the presence of rounded and intensely 

staining cells that appear densely packed in a periventricular position. In turn, Dmd occupies 

the dorsal part of the dorsomedial telencephalon. This nucleus represents a large telencephalic 

cell mass that extends over much of the rostrocaudal extension of the Tel, although its shows 

a gradual decrease in size according to the emergence of the different subdivisions of the 

ventral telencephalon (Plates 2-4). The cells of Dmd are higher in size and appear more 

loosely distributed than those of Dmm (Fig. 3A). 

Placed ventrolaterally to the dorsal telencephalon, Dlv cells are easily recognized by its 

characteristic rounded shape and small size (Fig. 3D), being more densely packed and slightly 

smaller than those located more dorsally within the Dmd (Plate 2E, Fig. 3A, 3E). The Dld, 



 

which contains cells similar to those of Dlv, is delimited dorsally from Dmd by the sulcus 

ipsilyformis (Sy) and ventrally by Dlp. This latter nucleus has medium-sized cells, and a 

histologically visible delineation (Fig. 3F), being limited dorsally by another cell mass, the 

dorsal nucleus of the dorsal telencephalon (Dd) (Fig. 3F). This nucleus occupies 

progressively the place left by Dld and is bounded dorsomedially by Dmd, from which 

appears delimited by the Sy (Plate 4I). Another major sulcus that can be recognized in the 

telencephalic hemispheres is the sulcus externus (Se), which strongly marks the boundary 

between the dorsal and ventral region of the telencephalon (Plate 4J). 

In the central zone of the dorsal telencephalon, we identified the Dc, which has been 

divided into two parts that appear very close to one another. These subdivisions are located in 

the ventral (Dc1) and dorsomedial (Dc2) area of the dorsocentral telencephalon (Plate 3G). 

Composed of medium-sized rounded cells, Dc1 is distinguished from other nuclei because it 

presents a characteristic arrangement of cells in clusters, keeping a boundary with them (Plate 

3G, Fig. 3B). Dc1 is limited laterally and dorsally by Dlv and Dmd, respectively, while Dmm 

and Dmd bound Dc2 medially and dorsally, respectively (Plate 3G-I; Fig. 3B, D, C). At the 

rostral pole, Dc1 and Dc2 are joined, being difficult to establish their boundaries (Plate 3G), 

but at the caudal pole both cells masses appear clearly segregated (Plates 3H, 4I). In addition, 

Dc2 represents the subdivision that reaches the most caudal positions, where it is bounded 

dorsally by the caudal subdivision of the dorsomedial telencephalon (Dmc) and medially by 

the supracommissural (Vs), and postcommissural (Vp) parts of the ventral telencephalon 

(Plates 4J, 5K-L, 6M-N).  

Caudally, in the medial zone of the dorsal telencephalon, we have been identified a cell 

mass that we have named as Dmc (Plate 4J), which is initially located between Dmm and 

Dmd and occupies progressively a more dorsal position as Dmm and Dmd disappear. The 

Dmc cells present a medium size and can be easily identified because they are more intensely 

stained in relation to Dmm and Dmd cells (Plates 2K; Fig. 3G). This nucleus reaches the 

caudal region of the dorsal telencephalon, where it is bounded laterally by Dlp (Plates 5L, 

6M-N) and subsequently by the posterior part of the dorsal telencephalon (Dp, Plate 7O). 

The Dp appear shortly after Dlv disappears, being limited dorsally by Dlp. This is a large cell 

mass that extends up to the end of the dorsal telencephalon, which can be differentiated from 

Dlv because the former exhibits slightly larger and more intensely stained cells (Plates 5-8). 

Finally, the nucleus taenia (NT) is the most caudal cell mass that we have observed in the 

dorsal telencephalon, with dorsal and ventral delimitation by neuropil. The NT always 



 

occupies a ventral position in relation to Dp, and its cells, which were highly stained in 

comparison to those of Dp, showed a layered arrangement (Plate 7P). 

 

Ventral telencephalon  

The ventral telencephalon (V) of S. parahybae has a lower number of cell masses compared 

to the dorsal telencephalon. We have subdivided the ventral telencephalon into eight nuclei: 

dorsal (Vd), ventral (Vv), central (Vc), lateral (Vl), intermediate (Vi), supracommissural (Vs), 

postcommissural (Vp) and entopeduncular nucleus (E), as shown in Table 1. In addition, we 

have recognized a lateral septal organ (LSO). The most rostral cell mass that we have 

identified in V is the dorsal nucleus (Vd), composed of densely packed cells with intense 

staining of the soma (Plate 3, Fig. 4A). A sulcus although initially smooth, marks the 

transition from D and V in the medial zone of the telencephalon, the sulcus limitans (Sl) 

(Plate 3H). As indicated above, the ventro-lateral limit between D and V is marked by the 

sulcus externus (Se) (Plate 4J). Vd cells occupy the rostral pole of V, bordered dorsally by 

Dmm and laterally by Dc1 (Plate 3). In caudal positions, Vd moves laterally and its 

periventricular placement is occupied by the supracommissural cell mass of the ventral 

telencephalon (Vs), which contains thickly grouped cells but separated by neuropil that 

delimits Vs from Vd (Fig. 4B). The Vs is bounded dorso-medially by Dmm, as occurs with 

Vd in this position, but it is laterally delimited by Dc2 (Plate 4I). In the ventromedial 

periventricular surface of telencephalon arises a very densely packed and stained nucleus, the 

ventral nucleus of the ventral part of the telencephalon (Vv), which shows smaller cells when 

compared to those present in Vd and Vs (Plate 4I; Fig. 4C). The Vv is a cell mass that 

extends for almost the whole extent of the V, starting ventro-caudal to the Vd and reaching in 

its caudal pole up to the anterior commissure (ac). As in other teleosts, S. parahybae exhibits 

a group of intensely stained and compressed ependymal cells, located in the medial-dorsal 

region of Vv and associated to the ventricular wall, which appears similar to the lateral septal 

organ (LSO) described in birds (Baylé et al, 1974; Kuenzel & Mansson, 1988; Muñoz-

Cueto et al, 2001; Cerdá-Reverter, et al., 2001a) (Plate 4; Fig. 4C). 

Two cellular masses migrated laterally have been classified in the ventral forebrain 

region that precedes the anterior commissure of catfish. Rostrally, medium-sized scattered 

neurons, arranged in clusters in the lateral region of the V, were characterized in the lateral 

nucleus of the ventral telencephalon (Vl) (Plate 4I; Fig. 4D). This cell mass is bordered 

rostrally by Dl and, as it moves caudally, is progressively bounded by Dp. Vl is also delimited 

by Se, which remains as its lateral border along the whole telencephalic extent (Fig. 2J). 



 

Dorsally to the Vl, with neurons larger and more intensely stained, lies the central part of the 

ventral telencephalon (Vc) (Plate 4J; Fig. 4D). This nucleus is a relatively small cell mass in 

extension when compared with those present in the V, being noticed until the rostral pole of 

the anterior commissure in catfish (Plate 5K). 

According to its name, dorsally and after the appearance of the anterior commissure, we 

have identified a postcommissural nucleus (Vp) composed of medium-sized neurons, loosely 

distributed and intensely stained (Plate 5L; Fig. 4F). Rostrally, Vp is bounded dorsally and 

ventrally by Vs and Vv, respectively (Plate 5L), being delimited caudally on its dorsal aspect 

by Dmc and ventrally by the most rostral neurons from the preoptic area. The caudal portion 

of Vp, as well as the intermediate nucleus of the ventral telencephalon (Vi), marks the 

transition between the telencephalon and diencephalon (Plate 8). The Vi arises in the 

postcommissural region of the telencephalon. It adopts a lateral position in the ventral 

telencephalon and can be distinguished from the Vl because it represents a small cell mass 

arranged in clusters (Fig. 4E). Dorsally Vi is bordered by neurons of the Dp, cells of the NT 

bound it laterally and, further caudal, its cells are located dorsally to the fibers of the lateral 

forebrain bundle (LFB) (Plates 7P, 8Q; Fig. 4E). Also in this region, we found the 

entopeduncular nucleus (E). This nucleus is composed of densely packed and darkly stained 

small cells, which behave a dorsal migration from the ventral surface of the brain so that in its 

final position these cells appear in the ventral border of the LFB (Plate 8Q; Fig. 4E). 



 

 

 

 

 

 

 

Fig. 2. Photomicrographs of transverse (coronal) sections of catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different layers of the olfactory bulbs. A) 

Section at the level of the Plate 1A. B) Section at the level of the Plate 1C. C) Section at the level of Plate 1B. 

Scale bar: A and C: 20μm, B: 35 μm. For abbreviations, see the list of abbreviations (on the beginning of this 

Atlas) and Table I. 

 



 

 
 

Fig. 3. Photomicrographs of transverse (coronal) sections of catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different nuclei of the dorsal telencephalon. 

Scale bar: A: 35 μm, B-G: 17 μm. For abbreviations, see the list of abbreviations (on the beginning of this Atlas) 

and Table I. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Photomicrographs 

of transverse (coronal) 

sections of catfish brain  

(Steindachneridion 

parahybae) stained with 

cresyl-violet showing at 

higher magnification the 

different nuclei of the 

ventral telencephalon. 

Scale bar: A-E: 17μm, F: 

34μm. For abbreviations, 

see the list of 

abbreviations (on the 

beginning of this Atlas) 

and Table 1. 



 

 2. THE DIENCEPHALON  
 

 

Morphologically, the organization of 

different diencephalic cell masses of catfish – 

Steindachneridion parahybae, do not differ 

too much from that observed for the majority 

of teleost fish described so far. However, the 

diencephalon is one of the most complex 

regions of the brain and the comparison has 

been difficult because of the lack of 

consistency in the nomenclatures used for the 

description of different cell masses. 

Therefore, in this study we follow the 

nomenclatures more commonly accepted, 

adopting predominantly the organization of 

the diencephalic areas described by 

Bradford and Northcutt (1983), Striedter 

(1990) and Cerdá-Reverter (2001b). 

Accordingly, for the diencephalon of catfish 

– S. parahybae - we have identified more 

than 50 cell masses organized in nine main 

areas: (1) preoptic area; (2) hypothalamus; 

(3) epithalamus; (4) dorsal thalamus (5) 

ventral thalamus (6) posterior tubercle (7) 

synencephalon; (8) pretectum and (9) 

accessory optic nuclei. 

 

 

2.1. Preoptic area 

As in other teleost fish, the onset of the preoptic area (POA) in juvenile catfish is marked by 

the rostral pole of the anterior commissure (ac), being limited dorsocaudally by the ventral 

thalamus, ventrocaudally by the hypothalamus and ventrally by the optic chiasm (OC) 

(Bradford & Northcutt, 1983; Muñoz-Cueto et al, 2001). The catfish preoptic area can be 

subdivided into four main nuclei: (1) parvocellular preoptic nucleus (NPO); (2) anterior 

periventricular nucleus (NAPv); (3) suprachiasmatic nucleus (NSC) and (4) posterior 

periventricular nucleus NPPv (Table I). 

 

Parvocellular preoptic nucleus (NPO) 

The NPO in catfish is divided, from rostral to caudal region, in three main subnuclei: 

parvocellular or anterior part (NPOpc), magnocellular part (NPOmc) and gigantocellular part 

(NPOgc) (Plates 9, 10, 11E). The parvocellular part of the parvocellular preoptic nucleus 

shows rounded and strongly stained cells, small in size, and is characterized by its condensed 

appearance along the preoptic recess, (Fig. 5A). The cells of NPOpc are bordering the ventral 

zone of the third ventricle, forming a cell mass that initially occupies a large area, but it 

reduces its size as we progress caudally in the POA (Plates 9, 10). Slightly caudal to the onset 



 

of NPOpc, and just dorsal to it, appears the magnocellular part of the parvocellular preoptic 

nucleus (NPOmc, Plates 9B, 10C). This nucleus contains medium-sized to large cells that 

appear more loosely distributed in clusters and exhibit a paler coloration in relation to NPOpc 

cells (Fig. 5A). The NPOmc is replaced caudally by the cells of the gigantocellular part of the 

parvocellular preoptic nucleus (NPOgc, Plates 10D, 11E). The NPOgc is characterized by the 

presence of lower number of cells, which are rounded in shape and exhibit slighter coloration 

and larger size than those present in NPOmc. These NPOgc cells appear scattered and isolated 

or in clusters of up to 3-4 cells (Fig. 5C). In our study, the extent of NPOgc coincides in 

transverse sections with the onset of the posterior commissure (PCO) and subcommissural 

organ (SCO), and its caudal pole is also coincident with the end of these structures (Plate 

10D, 11E). 

 

Anterior periventricular nucleus (NAPv) 

The anterior periventricular nucleus (NAPv) surges at the caudal pole of NPOpc 

replacing it in the ventral periventricular zone of the POA (Plate 10D). It is composed of 

intensely stained cells, small in size and rounded in shape, densely packed in the 

periventricular zone and more loosely distributed in the lateral region of the nucleus (Plate 

10D; Fig. 5B). The NAPv in catfish do not represent a large cell mass, being its rostral pole 

coincident with the onset of the optic tectum (OT) and the longitudinal torus (TLo), and its 

caudal border with the end of the posterior commissure and the development of the 

characteristic "C-shape" of the OT (Plates 10D, 11E). NPOgc cells limit the NAPv dorsally, 

while it is bounded ventrally by the cells of the suprachiasmatic nucleus (Plates 10D, 11E). 

 

Suprachiasmatic nucleus (NSC) 

The suprachiasmatic nucleus (NSC) starts at the end of the optic chiasm and contains 

rounded, ovoid and bipolar cells, slightly larger and with a lighter stained that the neighboring 

cells from NAPv (Plates 10D, 11E, Fig. 5B). This nucleus is located in the ventromedial 

region of the rostral diencephalon and its cells display different arrangements: scattered, in 

pairs and triplets or in the form of clusters with many cells (Fig. 5B). Rostrally, the cell mass 

of NSC is visualized separately on both hemispheres but, as it progresses caudally, these 

bilateral cell masses are joined in the midline, adopting a compact appearance (Plates 10D, 

11E).  

 

 



 

Posterior periventricular nucleus (NPPv) 

The posterior periventricular nucleus (NPPv) represents the most caudal cell mass from 

the preoptic area and marks the limit between posterior tubercle and periventricular 

hypothalamic cell masses (Plate 11F). This small nucleus occupies the place left by the NAPv 

and its rounded and ovoid cells are more loosely distributed and larger in size than those of 

NAPv, being some of them darkly stained (Fig. 5D).  

 

2.2. Hypothalamus 

In catfish, the hypothalamus is formed by several cell masses that encompass a great part of 

the ventral diencephalon, including two paired lobes visible macroscopically. We classify the 

hypothalamus of surubim into two main areas: (1) the medial tuberal zone and (2) lateral (or 

inferior) zone - also called as inferior lobes of the hypothalamus (IL) (Plates 11-16). 

 

Medial tuberal zone of the hypothalamus 

The medial tuberal zone consists of distinct cellular masses that arise just ventrocaudal to the 

preoptic area, surrounding the periventricular region of the third ventricle. This tuberal zone is 

organized into four main nuclei, some of them exhibiting different subnuclei: (1) lateral 

tuberal nucleus (NLT), (2) anterior tuberal nucleus (NAT), (3) nucleus of the lateral recess 

(NRL) and (4) nucleus of the posterior recess (NRP)(Table I, Plates 11-14). 

The lateral tuberal nucleus of the medial hypothalamus can be subdivided, in catfish, 

into five main parts: dorsal (NLTd), ventral (NLTv), medial (NLTm), intermediate (NLTi) 

and caudal (NLTc). The NLTd comprises small and rounded cells with intense staining, 

which are arranged in a compressed column along the periventricular wall of the rostral 

hypothalamus (Plates 11F-12G, Fig. 6B). The location of this cell mass in catfish can be 

delineated by using two marked invaginations of the ventricular wall as references (Plate 

12G, Fig. 6B). Below the NLTd is located NLTv, whose cells present similar characteristics 

to those of NLTd, and extend ventrally joining the right and left hemispheres (Plates 11F, 

12G; Figs. 6B, C). However, its small to medium-sized cells appear organized in columns 

narrower than those of NLTd (Figs. 6B). The cells of NLTm, unlike the cells of NLTd and 

NLTv, have a scattered distribution in the neuropil, and can be observed as single, pairs or 

triplets of cells. This cell mass is tiny in extension and, if compared with other cell masses of 

the NLT, it has a few number of cells (Fig. 6C). 

Caudally in NLT and below the lateral recess arise the cells of NLTi, with intensely 

stained rounded cells that adopt a more compact arrangement in the periventricular zone and a 



 

more scattered distribution in the lateral part of the nucleus (Plates 12H, 13I-J; Fig. 6A). As 

we progress caudally in the medial tuberal region, the NLTi gives rise to the caudal part of the 

lateral tuberal nucleus (NLTc) (Plate 14), which shows smaller rounded and fusiform cells 

that exhibits a more intense staining than NLTi cells and a very crowded arrangement (Figs. 

6D, 7A). 

The anterior tuberal nucleus (NAT) represents one of the first cell masses that arise in 

medial tuberal region. The NAT is formed by a few pale stained cells, which appear laterally 

and in close contact with the cells of the NLTd and dorsally to NLTm cells (Plate 11F, 12G). 

These medium sized cells show a rounded shape, and are located immediately caudolaterally 

to the cells of the anterior periventricular region (Fig. 6C). This cell mass ends caudally just 

when mediolaterally directed extensions of the lateral recess are evident in the tuberal 

hypothalamus and the nucleus of the lateral recess arises (Plate 12H). 

We have found along the catfish lateral recess some clusters of tightly packed cells that 

have been ascribed to three different nuclei: dorsal (NRLd), ventral (NRLv) and lateral 

(NRLl) nuclei of the lateral recess. Although the three cell masses are considered as 

belonging to the same nucleus, the latter subdivision will be described within the lateral or 

inferior hypothalamic zone because its anatomical position (Table I). The cells of the NRLd 

have intensely stained small to medium-sized cell body, which are rounded or ellipsoid in 

shape (Plate 12H; Fig. 6A). Although forming a compact cell mass, the NRLd cells are more 

loosely distributed than those that appear bordering the ventromedial zone of the rostral lateral 

recess (Plate 12H, 13I; Fig. 6A). These latter cells belong to the NRLv, which is 

characterized by the presence of densely packed, darkly stained rounded cells, slightly smaller 

in size than those of NRLd (Fig. 6A). 

The most caudal cell mass appearing in the medial tuberal zone is the nucleus of the 

posterior recess (NRP). This cells mass is easily recognized because its cells, small in size 

and darkly stained, appear tightly packed as a columnar thickening of the ependymal cell 

layer around the laterally directed diverticula of the posterior recess (Plate 14K; Fig. 6D). 

The thickness of this column of cells is higher in the dorsal pole of NRP in relation to the 

ventral border (Plate 14K; Fig. 6D).  

 

 

Lateral – or inferior - zone of the hypothalamus 

The lateral zone or inferior lobe of the hypothalamus (IL) is a paired and lobular structure that 

protrudes in the ventral forebrain and occupies a large part of the ventral diencephalon (Fig. 



 

1). In catfish, this area has been organized into four main cellular groups: (1) the lateral part 

of the nucleus of the lateral recess (NRLl), (2) posterior part of the nucleus of the lateral 

recess (NRLp), (3) diffuse nucleus of the inferior lobe of the hypothalamus (NDLI) and (4) 

the central nucleus of the inferior lobe of the hypothalamus (NCLI) as shown in Table I. 

As indicated above, although the nucleus of the lateral recess in catfish is a part of the 

medial tuberal zone, we have considered the lateral and posterior regions of this nucleus as 

part of IL zone because they are present within this lobe in almost all their extent (Plates 11F-

15). The NRLl can be observed before the opening of the lateral recess in catfish as a 

compact cell mass distinguishable because the presence of cells larger than those of NRLd 

and NRLv, with rounded cell body displaying intensely stained cytoplasm (Plate 11F, Figs. 

6A, D, 7A, E). Rostrally, the NRLl cells exhibit a more scattered organization, adopting 

caudally a more packed appearance around the lateral recess. Furthermore, close to the lateral 

recess, the NRLl cells appear smaller and more intensely stained. At the caudal pole of the 

inferior lobe, these cells appear more loosely arranged around the lateral recess, composing 

the posterior region of the nucleus of the lateral recess (NRLp), whose cells have a less 

rounded shape than those from NRLl, but similar staining features (Plate 16I). 

The cellular masses that actually represent the pair of inferior lobes of the hypothalamus 

from catfish are organized into two different nuclei: the diffuse (NDLI) and the central 

(NCLI) nuclei of the hypothalamic inferior lobes. The NDLI cells are medium-sized, rounded 

to ovoid in shape, and exhibit a light staining along the whole rostrocaudal length of the lobe 

(Figs. 7A, B). These cells are distributed regularly in small clusters or isolated all over the 

inferior lobes. Rostrally, these cells are organized in small clusters that occupy the 

ventrolateral part of catfish brain (Plate 12) and caudally NDLI cells fill the entire lobe until 

it disappearance (Plate 16I; Fig. 7B). 

As the NDLI, the central nucleus of the inferior lobe of hypothalamus (NCLI) is a large 

cell mass when compared with other nuclei of the catfish brain. It arises just caudal and 

laterally to the opening of the posterior recess and can be viewed by almost the entire length 

of IL (Plate 14L, 15, 16). The cells of NCLI can be distinguished because they are more 

heterogeneous in size (from small to large) shape (rounded, ovoid and polygonal) and staining 

(from pale to darkly staining) when compared to NDLI cells and appear more loosely 

arranged within a profuse neuropil (Plates 14L, 15, 16; Fig. 7C). 

 

 

 



 

2.3. Epithalamus 

The epithalamus of catfish is composed of the habenula, the habenular commissure, and 

the epiphysis. The habenula (Ha) is a paired finger-shaped structure connected bilaterally 

through the habenular commissure (HaCo) (Plate 9B). No apparent asymmetry was found 

between left and right habenula. Rostrally, the Ha is apparently an even cell mass without 

subdivisions; however, in the caudal zone, two different subnuclei can be discerned: (1) the 

dorsal part of the habenular nucleus (Had), and (2) the ventral part of the habenular nucleus 

(Hav) (Plate 10C). The dorsal habenular nucleus contains intensely labeled cells of small size 

that appear arranged in many clusters separated from each other by neuropil-rich zones (Fig. 

8D). In turn, the ventral habenular nucleus is composed of cells slightly smaller, more 

intensely stained and more densely packed than those of Had (Fig. 8E). This feature is 

observed up to the caudal end of the habenula, before being replaced by the posterior 

commissure and the subcommissural organ (Plate 10D). 

 

2.4. Ventral thalamus 

The ventral thalamic region of catfish surges in the rostrodorsal pole of the diencephalon, 

replacing the caudal nuclei of the telencephalon and coinciding with the onset of the optic 

tectum (Plate 9B). The ventral thalamus is organized into three cell masses: (1) ventromedial 

thalamic nucleus (VM), (2) ventrolateral thalamic nucleus (VL), and (3) intermediate 

thalamic nucleus (I). 

Rostrally, the cells of VM and VL seem merged (VL + VM), but caudally they form 

two definite and well-segregated clusters. The ventromedial nucleus is located in the 

periventricular region of the rostral thalamus and consists predominantly of rounded medium-

sized cells, but a few large neurons can also be found; in some regions of the nucleus its cells 

appear scattered but normally they form clusters of neurons (Fig. 8A). The ventrolateral 

region, located laterally to VM, is composed of neurons predominantly rounded (with some 

fusiform cells), larger and more intensely stained than those of VM, which appear aggregated 

in condensed clusters (Plates 9B-11E; Fig. 8A). Although they maintain their anatomical 

disposition, i.e., VM in the periventricular zone and VL remaining in its lateral position, 

caudally the VM cells appear more grouped and the VL cells assume a more dispersed pattern 

(Plates 10D, 11E).  

The intermediate thalamic nucleus (I) starts immediately below the ventral region of the 

habenular nucleus and above to ventromedial thalamic nuclei, occupying at its rostral pole a 

periventricular position (Plate 10C). Their cells are small and densely packed, have a rounded 



 

shape and exhibit a strong staining (Fig. 8A). At its caudal end, the intermediate thalamic 

nucleus is displaced laterally by the anterior nucleus of the dorsal thalamus (Plate 11E). 

 

2.5. Dorsal thalamus 

The dorsal thalamus in catfish appears as a cluster of cells extending laterally from the 

ventricle, which appear organized in three main nuclei: (1) anterior thalamic nucleus, (2) 

central posterior thalamic nucleus, and (3) dorsal posterior thalamic. In the dorsal thalamus, 

the first nucleus to appear is the anterior thalamic nucleus (A), which occupies the 

periventricular position and displaces laterally the intermediate nucleus of the ventral 

thalamus (Plate 11E). It contains intensely stained cells of varying sizes (from small to 

medium size) and shapes (rounded or fusiform) (Plate 11E; Fig. 8B). Caudally, the anterior 

thalamic nucleus is replaced by the dorsal posterior thalamic nucleus (DP), which represents a 

much more prominent cell mass formed by small and medium-sized neurons, with moderate 

staining, that extended mediolaterally below the retroflex fascicle (Plate 11F; Fig. 8C, D). 

Also, within the dorsal thalamus, the neurons of the central posterior thalamic nucleus (CP) 

appear just ventrally to the DP. The CP is typically differentiated by the presence of bipolar 

neurons clearly visualized for its intense staining. This nucleus exhibits loosely distributed 

cells in the periventricular zone and a more compact arrangement in its lateral aspect (Fig. 

8C, F). The DP and CP can be delineated clearly because the presence of a stronger labeling 

in cells from the latter and the existence of a neuropil-rich area that separates both cell masses 

(Fig. 8F). In addition, the DP reaches more caudal levels than the CP (Plate 12G).  

 

2.6. Posterior tubercle 

The posterior tubercle of catfish is a complex diencephalic area, which in this study was 

organized into two main groups of nuclei: (1) cell masses that are located in the 

periventricular region and (2) migrated nuclei (Plates 11-16). 

 

 

Periventricular nuclei 

The periventricular area of the posterior tubercle comprises: (1) the periventricular nucleus of 

the posterior tubercle (TPp), (2) the paraventricular organ (PVO), (3) the nucleus of the 

paraventricular organ (nPVO) and (4) the posterior tuberal nucleus (NPT). 

The cells of TPp show variability in size (from small to medium-sized cells, with few 

large neurons), and intense staining (Fig. 8C); it represents a cell mass that, despite its 



 

dispersed cells arrangement, is bounded by neuropil forming a triangular-shaped cell mass, 

whose base is given by the ventricular wall (Plate 12G). Just below this cell masses, we 

found a compact group of intensely stained ependymal cells that forms a columnar structure 

termed paraventricular organ (PVO). These small cells form a thick band along the 

ventricular surface (Fig. 8C, Plate 12G,H, 13I). The nucleus of the paraventricular organ 

(nPVO) lies lateral to PVO and is composed of few neurons with moderate staining that 

appear distributed in a dispersed way within the nucleus, maintaining its disposition around 

the PVO for almost its entire length (Plate 12; Fig. 8C). Finally, the most caudal cell group 

displayed in the periventricular region is the posterior tuberal nucleus (NPT). This cell mass 

can be discerned caudal to NRLd in a dorsal position in relation to the posterior opening of 

the lateral recess, reaching up to the caudal end of the posterior recess (Plates 13J, 14K). Its 

cells, rounded in shape or slightly flattened and intensely stained, are organized in large 

clusters although some isolated cells from this nucleus can eventually be mixed with cells of 

the NRP (see in Fig. 6D).  

 

Migrated nuclei 

The region described as migrated nuclei represents one of the most complex regions in the 

catfish diencephalon, and contains the highest number of cell masses of the posterior tubercle. 

These cell masses were organized into five major groups: (1) preglomerular complex (NPG), 

(2) supraglomerular nucleus (SG), (3) subglomerular nucleus (SPG), (4) caudomedial nuclei 

and (5) outlying nuclei. 

The preglomerular nuclei form a set of different cell masses, interspersed within a 

profuse neuropil; they occupy different regions from the lateral to the medial part of the 

diencephalon. As a result they have been named according to their location as: anterior 

preglomerular nucleus (NPGa), lateral preglomerular nucleus (NPGl) and medial 

preglomerular nucleus (NPGm). 

The anterior preglomerular nucleus appears in the rostral pole of the posterior tubercle, 

in the ventral surface of the diencephalon, and lateral to the rostral hypothalamic cells masses 

(Plate 11F). The NPGa exhibits small and medium-sized cells that resemble those of the 

NDLI but appear much more densely packed and more darkly stained (Figure 9C). The 

lateral preglomerular nucleus (NPGl) arises slightly rostral to NPGa and dorsolaterally to it 

(Plate 10). This nucleus forms a bulge in the lateral part of the rostral pole of the inferior 

lobes and contains small, medium-sized and large cell distributed in clusters, (Plates 11E,F, 

12G; Figs. 9A, B). Rostrally it is characterized by the presence of a single cell mass with 



 

small and medium-sized cells, exhibiting a relatively intense staining. These cells are grouped 

in clusters that may have few or many cells per cluster. As it progresses caudally, a sulcus 

present in the ventrolateral surface of the brain, as well as a neuropil-rich region devoid of 

cells, mark the separation of this cell mass into two different subnuclei: (1) dorsal part and (2) 

the ventral part of the lateral preglomerular nucleus (NPGld and NPGlv, respectively) (Plate 

10D). The dorsal part of the NPGl keeps the features described before, however, the ventral 

part presents most uniformly grouped cells, higher in size than those of NPGld (Fig. 9A, B). 

When the cells of NDLI arise, both NPGld and NPGlv nuclei move slightly towards the 

central region of the inferior lobes, exhibiting a gradual reduction in size until they disappear 

(Plate 12). At the caudal pole of NPLl arises the medial preglomerular nucleus (NPGm), 

which occupies a central position in the ventral part of each brain hemisphere (Plate 12G). 

This migrated nucleus is characterized by its rounded to ovoid faintly stained cells (Fig. 9G). 

Rostrally, the NPGm is bounded laterally by the cells of the posterior thalamic nucleus, and 

dorsally by the cells of the supraglomerular nucleus (Plate 12G,H, 13I,J). Caudally, the cells 

of the commissural preglomerular nucleus limit NPGm cells ventrally, before being replaced 

by the neurons of the subglomerular nucleus (Plates 13J, 14K). 

Two distinct cell masses can be observed surrounding the caudal pole of the 

preglomerular nuclear complex, in the central region of the posterior diencephalon: the 

supraglomerular nucleus (SPG) and subglomerular nucleus (SG). The first cell mass to appear 

is the supraglomerular nucleus, which arises laterally to TPp (Plate 12H). The SPG shows 

intensely stained cells dispersed into a glomerular neuropil (Fig. 9F). These cells, rounded, 

elongated and poligonal in shape, also exhibit some heterogeneity in size ranging from small 

to medium size, but a few dispersed large neurons can also be found within SPG (Fig. 9F). 

The SG starts more caudally than SPG, at the posterior margin of the NPGm and medially to 

LT (Plate 13J). This nucleus contains small to medium cells, with rounded or fusiform 

shapes, that appear in some case arranged in cord-like structures (Figure 9G). Caudally, both 

SPG and SG end just rostral to the onset of the lobobulbar nucleus (Plates 14L, 15M).  

The caudomedial nuclei are represented by two cell masses that emerges close to the 

midline, in the caudal posterior tubercle: the commissural preglomerular nucleus (NPGc) and 

the mammillary bodies (CM). The most rostral cells of NPGc arise ventromedially to NPGm 

in the central part of the brain, and near to the horizontal commissure (Plates 13I,J). These 

cells migrate medially from their rostral position to reach the midline, just above the 

mammillary bodies, in the caudal pole of the nucleus (Plates 14, 15, 16I). It is composed of 

intensely stained granular cells that are evenly distributed within the cell mass (Plate 15; Fig. 



 

9D). The mammillary bodies are paired midline cell masses that surge in the ventral-posterior 

diencephalon of catfish, just caudal to the NLTc and the posterior recess (Plates 14L, 15M). 

These large and rounded structures lie below to NPGc, and are composed of small tightly 

packed granular cells in the central region, which resemble those of the nucleus of the 

posterior recess, and an abundant neuropil in the periphery (Plates 15M,N, 16I; Fig 9D). The 

mammillary bodies on catfish represent the point of anlage of the pituitary (PIT), which is 

attached to the brain via a long neurohypophysary stalk that exits between the two lobes of the 

CM (Plates 15M,N, 16I). The pituitary gland in catfish is positioned much more caudal when 

compared to other teleost fish.  

We have also considered in the posterior tubercle four outlying nuclei: the lateral torus 

(TLa), the posterior thalamic nucleus (PT), the lateral thalamic nucleus (LT) and the 

lobobulbar nucleus (LB). The TLa is located laterally in the caudal diencephalon, ventral to 

the midbrain tegmentum and the optic tectum and dorsal to the inferior lobe of the 

hypothalamus (Plates 14, 15). The TLa cells, which are emitted medially form a marked 

sulcus present in the lateral region of the inferior lobes, show a similar aspect than those of 

NDLI (rounded shape, small to medium size, moderate staining) and appear separated from 

NDLI cells by a profuse neuropil (Fig. 7A, D). The posterior thalamic nucleus lies between 

the preglomerular nuclear complex and the diffuse nucleus of the inferior lobe (Plates 12, 13). 

The PT is composed of medium-sized cells that exhibit an intense staining and appear 

grouped in clusters of up to 10 neurons (Fig. 9E). Further caudal, it is bounded medially by 

two other migrated cell masses from the posterior tubercle (SPG and SG), and its place is 

occupied by the lateral thalamic nucleus (Plates 13I, J). The lateral thalamic nucleus arises 

just caudal to the PT in the lateral margin of the posterior tubercle, being replaced caudally by 

the central nucleus of the inferior lobe (Plates 13J, 14K, L). This cell mass is bounded by the 

SPG and SG in its dorsomedial pole and by the diffuse nucleus of the inferior lobe in its 

ventrolateral border (Plate 13J, 14K; Fig. 9G). The LT is formed by rounded medium-sized 

cells that appear aggregated in the center of the nucleus but adopt a more dispersed 

arrangement in the periphery (Fig. 9G). The lobobulbar nucleus (LB) represents the most 

caudal migrated nucleus from the posterior tubercle, lying dorsally to the central nucleus of 

the hypothalamic inferior lobes (Plates 15M, N, 16I). The LB contains small rounded cells 

but its main characteristic is the presence of large and giant fusiform and bipolar neurons 

(Fig. 10D). These cells exhibit an intense staining and are found in the same transverse plane 

than the mammillary bodies (Plates 15M, N, 16I). 

 



 

2.7. Synencephalon 

Although some authors use the term “Synencephalon” (Syn) in different ways and classify 

pretectal nuclei and the optical accessories nuclei as part of this diencephalic area, in this 

study we will follow the nomenclature of other authors that consider these regions in a 

separate way (see Braford & Northcutt, 1983, Striedter, 1990). The organization adopted 

for this study is presented in Table I and considers the synencephalon as a transition area 

between the caudal diencephalon proper and the rostral mesencephalon. The synencephalon in 

catfish starts rostrally at the transverse level where the posterior commissure arises, its 

beginning being marked by the appearance of a compressed longitudinal fibrous tract, the 

retroflex fascicle (FR) (Plate 10D). It extends laterally and caudally along the dorsal border 

of the caudal diencephalon, and ends at the onset of the mesencephalic tegmentum (Plates 

14K, L). The synencephalon of catfish is organized into five major cellular masses: (1) the 

subcommissural organ (SCO) (2) the periventricular pretectal nuclei (PPd and PPv), (3) the 

paracommissural nucleus (NP), (4) the nucleus of the medial longitudinal fascicle (nMLF), 

and (5) the medial pretoral nucleus (MPN) (Table I). 

The subcommissural organ (SCO) surges caudally to the habenula, in the ventral margin 

of the posterior commissure (Plate 10). It is composed of densely packed and darkly stained 

small cells that appear arranged as a compact column in the dorsal roof of the 3rd ventricle 

(Plate 10D). The periventricular pretectum occupy the rostromedial part of the synencephalon 

and lie around the retroflex fascicle (FR) (Plates 10D to 12 G). In catfish, as in other teleost 

fish, the periventricular pretectum can be divided into dorsal (PPd) and ventral (PPv) 

periventricular nuclei. The PPd cells arise more rostrally in the synencephalon, and borders 

the dorsal and dorsolateral margins of the FR (Plates 10D-12G). It is bounded medially by 

the posterior commissure, dorsally by the paracommissural nucleus, laterally by the central 

pretectal nucleus and ventrally by PPd. Its small to medium-sized neurons are rounded, 

triangular and polygonal in shape and show a moderate staining, lacking a compact grouping 

(Fig. 8C). In turn, the PPv lies ventral and ventrolateral to the FR and presents smaller, more 

rounded and compact cells (Plates 10D-12G; Fig. 8B, C). In its rostral pole, the PPv limits 

ventrally with the anterior and intermediate thalamic nuclei, but further caudal the dorsal 

posterior thalamic nucleus represents its ventral border. Dorsally to PPd, we found the 

paracommissural nucleus (NP), which arises in the dorsal surface of the brain at the same 

transverse level than the posterior commissure and the longitudinal torus, laterally and 

ventrally to them, respectively. (Plate 10D). It is possible to observe abundant fibers from the 

posterior commissure that are coursing medially through the NP (Fig. 10A). The NP presents 



 

small to medium-sized cells, with intense staining and arranged mediolaterally in clusters 

containing numerous cells (Fig. 10A). Lateral to the NP starts the medial pretoral nucleus 

(MPN), which arises in the dorso-lateral surface of the brain, close to the rostral pole of the 

semicircular torus (Plates 11F, 12G, H). This nucleus exhibits rounded, triangular and 

polygonal neurons, with small to medium size, and intensely stained, which appear more 

packed next to the tectal ventricle, but showed a more scattered distribution in the periphery 

of the nucleus (Fig. 10E). 

The periventricular pretectal nuclei is replaced caudally by the cell mass of the medial 

longitudinal fascicle (nMLF) that covers the medial-dorsal region of the caudal 

synencephalon and reach until the onset of the midbrain tegmentum (Plates 12-14). The 

nMLF shows darkly stained cells with sizes ranging from small to large, interspersed within a 

fibrous neuropil (Fig. 10F). Some of the neurons present in nMLF represent the largest and 

most intensely stained neurons of the diencephalon, most of them located close to the medial 

periventricular walls (Plates 12-14; Fig. 10F). 

 

2.8. Pretectum and Accessory preoptic nuclei 

The dorsolateral region of the diencephalon of catfish is occupied by the pretectum and the 

accessory preoptic nuclei, lying medially to the rostral margin of the optic tectum (Plates 10-

12). Two cell masses form the pretectum of catfish: (1) the central pretectal nucleus (NPC) 

and (2) the electrosensory nucleus (NES). The NPC has cells from small size, with intense 

staining, that form sparse clusters in the dorsolateral region of the diencephalon. This large 

pretectal cell mass begins laterally to the paracommissural nucleus and its cells initially lie 

medial to the optic tectum (Plate 10D, Fig. 10E). Further caudal, this nucleus is bordered 

laterally by the cells of the semicircular torus (TS) (Plate 12). The cell mass of the 

electrosensory nucleus from catfish is located just below the NPC, and laterally to the 

thalamic cell masses. It has an ellipsoid or rounded shape in transverse sections, with a 

profuse neuropil in the center of the nucleus, being neurons concentrated in the periphery 

(Fig. 10B). The NES exhibits intensely stained cells, with a rounded shape and different sizes, 

containing predominantly medium-sized neurons (Plate 11; Fig. 10B). 

The accessory optic nuclei of surubim contain two conspicuous cell masses: (1) the 

dorsal accessory optic nucleus (DAO) and (2) the ventral accessory optic nucleus (VAO). The 

dorsal accessory optic nucleus begins in the ventral margin of the rostral optic tectum, 

keeping constant its location along its entire length (Plate 10D-11F). Its cells have a rounded 

and bipolar aspect, with intense coloration with cresyl violet and appear arranged to form a 



 

uniform and compact cell group (Fig. 10B). In turn, the ventral accessory optic nucleus lies 

laterally to the ventrolateral thalamic nucleus, moving gradually to the lateral part of the brain 

(Plates 10D, 11E). The VAO neurons show similar characteristics in shape and staining than 

those of DAO but adopt a more compact arrangement and have smaller size (Fig. 10C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Fig. 5. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different nuclei of the preoptic area. 

Section at the level of (A) Plate 9B, (B) Plate 10D, (C) Plate 10D and (D) Plate 11F. Scale bar: A = 50 μm, B = 

17μm and C and D = 7 μm. For abbreviations, see the list of abbreviations (on the beginning of this Atlas) and 

Table 1. 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Photomicrographs 

of transverse sections of the 

catfish brain 

(Steindachneridion parahybae) 

stained with cresyl-violet 

showing at higher 

magnification the different 

nuclei of the medial tuberal 

zone of the hypothalamus. 

Section at the level of (A) 

Plate 13I, (B) Plate 12G, (C) 

Plate 11F and (D) Plate 14K. 

Scale bar = 17 μm. For 

abbreviations, see the list of 

abbreviations (on the 

beginning of this Atlas) and 

Table 1. 

 



 

 

Fig. 7. Photomicrographs of transverse sections of catfish brain (Steindachneridion parahybae) stained 

with cresyl-violet showing at higher magnification the lateral torus and the nuclei of the inferior lobe of 

the hypothalamus. Sections at the level of Plate 15. Scale bar: A = 70 μm, B-E = 17 μm. For abbreviations, 

see the list of abbreviations (on the beginning of this Atlas) and Table 1. 

 

 



 

 

 

Fig. 8. Photomicrographs of transverse sections of catfish brain (Steindachneridion parahybae) stained 

with cresyl-violet showing at higher magnification the different nuclei of the epithalamus, thalamus and 

posterior tubercle. A-B) ventral thalamus. C-D) habenular nuclei. E) dorsal thalamus. F) posterior tubercle.  

Sections at the level of (A) Plate 10C, (B) Plate 11E, (C) slightly rostral to Plate 11F, (D and E) Plate 10C, (F) 

Plate 11F. Scale bar: A, D, E and F = 17μm, B= 50 μm and C = 34μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and Table 1. 

 

 

 



 

 

Fig. 9. Photomicrographs of transverses sections of catfish brain (Steindachneridion parahybae) stained 

with cresyl-violet showing at higher magnification the different migrated nuclei of posterior tubercle. 

Sections at the level of (A-C) Plate 11F, (D) Plate 15N, (E) Plate 12G, (F) Plate 14K and (G) Plate 13J. Scale 

bar = 17 μm. For abbreviations, see the list of abbreviations (on the beginning of this Atlas) and Table 1. 

 



 

 

 

 

 

Fig. 10. Photomicrographs of transverse sections of catfish brain (Steindachneridion parahybae) stained 

with cresyl-violet showing at higher magnification different posterior tubercle, synencephalic, pretectal 

and accessory optic nuclei. Sections at the level of (A) Plate 11F, (B) Plate 11F, (C) Plate 11E, (D) Plate 15N, 

(E) Plate 12G and (F) Plate 13I. Scale bar: A, B, C, E, F = 17 μm and D = 25 μm. For abbreviations, see the list 

of abbreviations (on the beginning of this Atlas) and Table 1. 

 

 



3. THE MESENCEPHALON 

 
 

The mesencephalon (or midbrain) in catfish 

– Steindachneridion parahybae - is formed 

by both mesencephalic tectum and the 

tegmentum. The mesencephalic tectum is 

composed of a pair of optic lobes, distributed 

bilaterally in the brain, and the longitudinal 

torus, arising caudally to the habenula and 

dorsal to the posterior commissure. The 

mesencephalic tegmentum is composed of at 

least twelve-cell mass, which were organized 

into three different zones: medial, central 

and lateral, each one with particular 

subdivision, and mainly distributed in the 

dorso-medial and dorso-lateral regions of 

the brain. The brain areas reported in this 

study seem to have a similar pattern or 

organization to that observed in different 

silurids, being most differences noticed in the 

location of some nuclei distributed along of 

the brain. 

 

 

3.1. Mesencephalic tectum  

 

Optic tectum 

The optic tectum (OT) of surubim is formed by bilateral pair of lobes that have its onset in the 

caudal pole of the telencephalic hemispheres and extends up to the rostral margin of the 

rhombencephalon (Plates 10-19). The cytoarchitecture of the optic tectum shows a laminar 

organization that, from external to internal direction, permit us to recognized four different 

layers or zones (Table I): (1) superficial white and gray zone (SWGZ), (2) central zone (CZ), 

(3) deep white zone (DWZ) and (4) the periventricular gray zone (PGZ)(Fig. 11A). 

The superficial white and gray zone represents the most external layer from the OT and 

is formed by numerous fibers and neuropil that extends up from dorsal to ventral in the outer 

region of the OT. The SWGZ shows a conspicuous neuropil layer, in which neurons processes 

are disposed centripetally. In the ventral part of SWGZ a dense bundle of axons forms a 

prominent fiber layer, which is thicker in the medial and dorsal part of the OT, but is 

decreasing gradually in width in the lateral region. More deeply in the SWGZ another 

neuropil layer is evident, being thinner compared to the first layer. The SWGZ displays also a 

few rounded cells, being also possible to recognize some ovoid and pyramidal cells slightly 

stained (Figs. 11A, B). 



The central zone of the optic tectum lies just internally to the superficial white and gray 

zone (Fig. 11A). In catfish, the central zone represents the thickest layer of the OT, and 

although difficult to delineate in some parts, three different lamina can be identified in this 

layer: external, middle and internal laminas, the external and internal ones containing more 

neurons and the middle one being richer in neuropil (Fig. 11A). The CZ is characterized by 

the presence of fibers disposed horizontally in whole extent of the optic tectum (Fig. 11A). 

Mainly small and some large neurons are seen in CZ, presenting a few and dispersed fusiform 

cells with smooth staining (Figs. 11A,C). Large and darkly stained cells from CZ appear 

more concentrated in the external and internal laminas of the layer (Fig. 11A). The deep white 

zone (DWZ) is placed between the CZ and the periventricular gray zone of the optic tectum 

(Fig. 11A). It is a zone characterized by the presence of a distinct fiber layer, presenting few 

ovoid cells of medium size and pale staining. Eventually, the fibers of DWZ can be 

superficially mixed with the cells of periventricular gray zone (Fig. 11A, D). Finally, the most 

internal layer in the optic tectum corresponds to the periventricular gray zone (PGZ). This 

layer can be clearly identified in the optic tectum because it presents small and rounded 

tightly packed cells, forming a compressed cell layer observed all over the extension of the 

OT (Fig. 11A). The PGZ neurons display a dark staining in cells bodies, with a granular 

aspect, that border an internal layer of ependymal cells, which form the periventricular wall 

(Fig. 11D Some large blood vessels are seen in the PGZ, besides fascicles that seems to run 

from the semicircular torus to the optic tectum (Fig. 11A). 

 

Longitudinal torus  

The longitudinal torus (TLo) from catfish is a paired structure that lies attached to the optic 

tectum. At its rostral pole, this paired structure is large and appears positioned medially in the 

tectal ventricle and dorsally to the posterior commissure (Plates 10D-11), being displaced 

laterally and reducing considerably its size in the caudal border as the valvula of the 

cerebellum arises (Plate 17A). The cells of the longitudinal torus are small, exhibit a dark 

staining and appear firmly packed resembling those of the PGZ. These cells adopt a laminar 

arrangement in the central part of TLo while the dorsal border is fibrous and appears almost 

devoid of cells (Plates 11-12, Fig. 11E). In addition, some medium cell bodies can be seen 

dorsally in this structure. 

 

 

 



 3.2. Mesencephalic tegmentum 

In catfish, the mesencephalic tegmentum is located caudally to the synencephalon and has its 

caudal margin is bordered by the hindbrain, being located ventral-medially to the optic tectum 

and dorsally to the inferior lobes of the hypothalamus. We recognized three main areas (and 

its respective subdivisions) within the mesencephalic tegmentum: (1) Medial Zone, 

composed of the oculomotor nucleus (nIII), and secondary gustatory nucleus (NGS); (2) 

Central zone, consisting of the lateral nucleus of the valvula (nLV) - in turn subdivided into 

anterior and posterior parts, nLVa and nLVp, respectively -, dorsal posterior tegmental 

nucleus, isthmic nucleus (NI), nucleus of the locus coeruleus (LC), perilemniscular nucleus 

(PL) - subdivided into medial and lateral parts, PLm and PLl, respectively -, and (3) Lateral 

Zone, represented by the semicircular torus and its subdivisions, central, ventral and lateral 

parts (TSc, TSv and TSl, respectively) (Table I). 

 

Medial Zone 

Located in the dorsomedial area of the midbrain, the oculomotor nucleus (nIII) arises just 

caudal to the synencephalic nucleus of the medial longitudinal fascicle (Plate 17B) and has its 

cells embedded between oculomotor nerve fibers. The cells of nIII display small to medium 

sizes, although some large neurons can also be recognized (Fig. 12A). These cells exhibit 

intense staining and have predominantly rounded shape, although some slightly flattened 

neurons can be found (Fig. 12A). 

The secondary gustatory nucleus (NGS) is a large cell mass located in the medial zone 

of the mesencephalon, and extending laterally from the fourth ventricle. The NGS is initially 

situated near the fourth ventricle, bordered medially by the fibers of the brachium 

conjunctivum and bounded dorsally by the cerebellum (Plate 18D); in its caudal margin the 

NGS is located dorso-laterally to the nucleus of the reticular formation (RF), lateral to the 

granule cells associated with medial auditory nucleus (g aud) and ventral to the granular 

eminence from the cerebellum (Plates 18D-21 I). The NGS cells present a strong staining and 

variable sizes and shapes, with cells from small to large (but predominantly large cells), and 

rounded to ovoid for most of them, but with few slightly elongated neurons (Fig. 12E). The 

cells of NGS are more abundant in the periphery of the nucleus, being the more interne region 

rich in neuropil (Plates 19, 20). Additionally, the brachium conjunctivum (BC) is a 

condensed vertical tract, bordered laterally by the secondary gustatory nucleus and extended 

from the place where the granular eminence stars (Plate 18D; Fig. 19E). Rostrally, the BC 

appears in contact with the wall of the fourth ventricle and further caudal is bordered by 



granule cells associated with medial auditory nucleus (g aud), which replaces it to adopt a 

periventricular disposition (Plate 19; Fig. 19E). Apart from their granular characteristics, g 

aud cells are round and small, with a strong coloration, appearing densely packed in clusters 

composed of many cells (see Fig. 19E). 

 

Central Zone 

The lateral nucleus of the valvula (nLV) is a dense cell mass, which initially lies in the region 

of the dorsal mesencephalon, medially to the semicircular torus, at the caudal end of the 

longitudinal torus (Plate 17A). Further caudally, its cells are embedded in the posterior pole 

of the valvula of the cerebellum (Plate 17B). As indicated above, the lateral nucleus of the 

valvula of catfish is divided into two parts: (1) the anterior (nLVa) and (2) the posterior 

(nLVp) parts. The nLVa is bordered laterally by the cells of the part central of the semicircular 

torus and medially by the cells of the nMLF (Plate 17A). Slightly caudal, it lies lateroventral 

to the dorsal posterior tegmental nucleus (Plate 17B). The nLVa displays rounded cells of 

small size and very intense staining arranged in dense clusters (Fig. 13A), while the posterior 

part of the lateral nucleus of the valvula (nLVp) also shown small granular cells darkly 

stained, although, arranged in clusters of cells less densely packed and infiltrated by neuropil 

(Fig. 13B, C). Both nLV subdivisions have some of their cells intermixed with fibers exiting 

form the dorsal posterior tegmental nucleus (DPTN), being these projections much more 

evident between nLVp and DPTN (Plate 17B; Fig. 13C). The DPTN contains small-sized 

cells that border the lateral apex of the fourth ventricle (Plate 17B) and are arranged much 

more loosely than those of the nLV (Fig. 13C). 

In the caudal part of the mesencephalon we have identified the three remaining nuclei of 

the central part of the tegmentum. The isthmic nucleus (NI) is placed medially to the caudal 

semicircular torus and is surrounded by fibers of the lateral lemniscus (Plate 19E). In catfish, 

it is a tiny cell mass, presenting few small neurons strongly stained and arranged in cluster, 

although it is also possible to recognize some scattered cells (Fig. 13D). The perilemniscular 

nucleus (PL) in catfish has been subdivided into lateral and medial parts. The lateral part of 

the perilemniscular nucleus (PLl) is formed by neurons exhibiting strong staining, varying 

from small to medium sizes (but presenting predominantly small neurons), which are 

scattered dorsolaterally to the lateral lemniscus, between the cells of NGS and TSv (Plate 

18D; Fig. 12C). In turn, the medial part of the perilemniscular nucleus (PLm) arises slightly 

rostral, medially to the lateral lemniscus, and also presents small neurons, but stained less 

intensely than those of PLl (Plate 17B; Fig. 12D). Its cells appear arranged in strips or rods in 



the dorsal margin of the nucleus, although some neurons scattered within a conspicuous 

neuropil can also be observed (Fig. 12D). Both lateral and medial parts of the perilemniscular 

nucleus present neurons with rounded, ellipsoid and triangular in shape (Fig. 12C, D). The 

nucleus of the locus of coeruleus (LC) is one of the most distinguishable nuclei of the 

mesencephalon due to the presence of very large, rounded neurons very intensely stained 

arranged in clusters (Fig. 17B). The cells of the LC appear in the caudal margin of the 

tegmentum, lying above the reticular formation (Plate 19F), and extend until the end of the 

optic tectum (Plate 20G). 

 

Lateral Zone 

The lateral zone of the mesencephalic tegmentum of catfish is occupied by the semicircular 

torus, which represents a prominent group of cell masses that surges just caudal to the onset 

of the optic tectum and ventromedially to it (at level of the Plate 11F), being covered by the 

optic lobes in its total extension (Plates 17-19). As indicated above, we divided the 

semicircular torus in three regions, TSl, TSc and TSv, described below (Fig. 14A; Table I). 

Rostrally in the mesencephalic tegmentum, the lateral part of the semicircular torus 

(TSl) is located covering the dorsal area of the semicircular torus lining the tectal ventricle 

(Plate 17A). Further caudal, the TSl migrates laterally in the tegmentum, being replaced 

partially by the cells of the central part of the semicircular torus (Plates 17B, 18C,D; Fig. 

14A). Ventrally to both TSl and TSc lies the ventral part of the semicircular torus (Plate 

17B), which seems to migrate slightly medial from its ventro-lateral position to cover the 

ventral part of the TSc, remaining in this position until the end of this cell mass (Plates 17-

19). The lateral part of the semicircular torus (TSl) is composed of rounded cells, clustered 

regularly within the nucleus, which show a small size and exhibit moderate staining (Fig. 

14B). The central part of the semicircular torus (TSc) possesses cells of different sizes 

(ranging from small to medium size, some of them slightly larger than those of TSl and TSv) 

and shapes (from rounded to oval). These cells are intensely stained with cresyl violet and 

appear scattered homogeneously all over the nucleus (Fig. 14C). The ventral part of the 

semicircular torus (TSv) present small and rounded neurons, slightly stained, and more 

loosely distributed than those of TSl and TSc (Plates 17-19; Fig. 14D).  

 

 

 

 



 

 

 

 

 

Fig. 11. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different structures of the mesencephalic 

tectum. Sections at the level of (A-D) slightly rostral to the Plate 12H and (E) Plate 13I. Scale bar: A = 35 μm, 

B-D = 7 μm and E = 17μm. For abbreviations, see the list of abbreviations (on the beginning of this Atlas) and 

Table I. 

 

 

 

 

 



 

Fig. 12. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different cell masses of the medial zone of 

the mesencephalic tegmentum and the perilemniscular nuclei. Sections at the level of (A) Plate 17B, (B) 

Plate 18C, (C) Plate 17B, (D) Plate 18D and (E) Plate 19E. Scale bar = 17 μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and Table I. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
Fig. 13. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different nuclei of the central zone of the 

mesencephalic tegmentum. Sections at the level of (A) Plate 17B, (B) Plate 18C, (C) Plate 17B, (D) Plate 

18D and (E) Plate 19E. Scale bar = 17μm. For abbreviations, see the list of abbreviations (on the beginning of 

this Atlas) and Table I. 
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Fig. 14. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the cell masses of the lateral zone of the 

mesencephalic tegmentum. Sections at the level of Plate 17B. Scale bar: A = 34 μm, B-D = 17 μm. For 

abbreviations, see the list of abbreviations (on the beginning of this Atlas) and Table 1. 

 

 

 

 

 

 

 



 

4. THE RHOMBENCEPHALON 
 

 

The rhombencephalon or hindbrain is the 

most caudal part of brain, being limited 

rostrally by the tegmentum of the 

mesencephalon and caudally by the spinal 

cord. This region presents a variety of areas 

and nuclei and, as in other studies (e.g. 

Muñoz-Cueto, et al. 2001; Cerda-Reverter et 

al., 2008), we have divided the 

rhombencephalon into the following areas: 

the cerebellum and the rest of the 

rhombencephalon.  

 

4.1. Cerebellum 

The Siluriformes shares a notable feature among them, the great development of the 

cerebellum. As in other teleost fish, the cerebellum of catfish Steindachneridion parahybae is 

divided into three different regions that are presented in Table I: (1) corpus of the cerebellum, 

(2) valvula of the cerebellum, and (3) vestibulateral lobe (Nieuwenhuys, 1982; Finger, 

1983). The corpus of the cerebellum from Siluriformes is a large lobe that covers a great 

surface of the brain, and in some species, as in our catfish species, this lobe is extended (from 

caudal to rostral) over the dorsal mesencephalon, the dorsal diencephalon and the caudal 

portion of the telencephalic hemispheres. Below the corpus of the cerebellum we found a 

protuberant structure that rostrally is separated from it but caudally is joined ventrally to it. 

This structure is the valvula of the cerebellum, which is present between the corpus of the 

cerebellum and the tectal ventricle, and is replaced caudally by the vestibulolateral lobe.  

 

Corpus of the cerebellum 

The corpus of the cerebellum (CCe) of catfish is still observed rostrally at the caudal pole of 

the telencephalic hemispheres, at level of the Plate 9, ending where arises the granular 

eminence, at level of the Plate 18. The CCe is composed by three cell layers, which are the 

granular layer, the molecular layer and the Purkinje cells layer (Fig. 15A). The granular layer 

of the cerebellum (G) occupies the central layer of the CCe and is composed of densely 

packed small cells with a dark staining (Fig 15A, C). The granular layer of CCe is separated 

from the molecular layer by scattered and large Purkinje cells (P). These cells have been 

reported in different teleosts as neurons exhibiting abundant ramifications of its main dendrite 

(Butler, 2000) but only their oval-shaped and strongly stained perykarya can be seen using 

cresyl violet staining (Plates 9-18; Fig. 15B). In addition, some Purkinje cells interspersed in 



 

the granular layer can be recognized (Fig. 15E). The molecular layer of the corpus of the 

cerebellum is a thick layer of neuropil that surrounds the CCe and presents round, fusiform 

and triangular cells sparsely distributed between the neuronal processes (Fig. 15C). 

 

Valvula of the cerebellum 

The valvula of the cerebellum (VCe) appears rostrally in the medial part of the tectal ventricle 

(Plate 12G), and displaces progressively the longitudinal torus to more lateral positions 

(Plates 12H-14, 17A). In the anterior pole, two separated lobes that only contained the 

molecular layer can be observed (Plates 12H, 13I). However, slightly caudal becomes also 

evident a granular layer in the ventrolateral surface of the VCe, with its characteristic small, 

densely packed and darkly stained cells (Plates 13J-15N, 17A,B). Further caudal, the VCe 

joins to CCe and the mesencephalic tegmentum (Plate 17B), before being replaced by the 

granular eminence and the cell masses from the central zone of the mesencephalic tegmentum 

(Plates 18C, D). 

 

Vestibulateral lobe 

As in other teleost fish, the vestibulolateral lobe (LV) of catfish can be divided into two main 

structures: a paired granular eminence (EG) and the caudal lobe (LoC). The EG is initially 

observed at level of the Plate 18C and disappears at level of the Plate 21I. The EG is a 

compact cell mass formed by rounded and granular cells similar to those of the granular layer 

of CCe and VCe (Fig. 15E). The cells of EG appear initially interspersed with those of the 

granular layer of the CCe being difficult to delineate their limits (Plates 18D, 19E). Further 

caudal, the cells of G lie above the EG cells and show a slightly more condensed aggregation 

than those of EG (Plates 19F, 20G,H; Fig. 15E), and at the posterior pole only the granule 

cells of EG are observed (Plate 21I). Although two discrete cell masses have been reported in 

the EG of Ictalurus punctatus based on immunohistochemical experiments (Finger & Tong, 

1984), we cannot recognized two different subnuclei in the EG by using histological sections 

and cresyl violet staining (Plates 20, 21I).  

The caudal lobe (LoC) is an extension of the CCe, starting just caudal to the granular 

eminence and exhibiting a similar aspect than the molecular layer of the cerebellum (Plate 

21J). The medial part of the caudal lobe (LoCm) becomes evident slightly caudal to the 

rostral margin of LoC (Plate 21K), and is characterized by the presence of small and 

medium-sized cells, with granular aspect, arranged in dense clusters and forming horizontal 

bands in transverse sections (Plate 21K; Fig. 16A,C). The ventral area of the LoC is occupied 



 

by the eurydendroid cells (LoCe), rounded to ovoid in shape, which exhibit a paler staining 

and a higher size than those of LoCm (Fig. 16A, B). These cells form a band oriented from 

the dorsolateral to the ventromedial surface of the lobe (Fig. 16A, B). The caudal limit of LoC 

is coincident with the rostral pole of the facial lobes (Plates 21K, 22L). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  

 

Fig. 15. Photomicrographs of 

transverse sections of the catfish 

brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at 

higher magnification the different 

areas of the corpus and valvula of the 

cerebellum. Section at the level of (A-

D) Plate 14L and (E) Plate 20G. Scale 

bar: A = 70 μm, B-D = 17 μm and E = 

35 μm. For abbreviations, see the list of 

abbreviations (on the beginning of this 

Atlas) and Table 1. 

 

 



 

 

 

 

 

Fig. 16. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different parts of the caudal lobe. 

Sections at the level of Plate 21K. Scale bar: A = 70 μm, B, C = 17 μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and Table 1. 
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The rest of the Rhombencephalon 

 

The rest of the rhombencephalon 

corresponds to the myelencephalon or 

medulla oblongata, which is the most caudal 

part of brain, being limited rostrally by the 

tegmentum of the mesencephalon and 

caudally by the spinal cord. This region 

presents a variety of areas and nuclei and, as 

in other studies (e.g. Muñoz-Cueto, et al. 

2001; Cerda-Reverter et al., 2008), we have 

divided the rest of the rhombencephalon in 

the following areas: reticular formation, 

octavolateral area, somatomotor and 

visceromotor nuclei and other nuclei. 

Additionally, the catfish rhombencephalon is 

the area that presents the cranial nerves, and 

in different teleost fish has represented the 

target of abundant neurophysiological 

studies. 

 

4.2. Reticular formation 

As in other teleost fish, the reticular formation in catfish present three different zones: (1) the 

median zone, occupied by the superior nucleus of the raphe, (2) the medial zone, containing 

the nucleus of the reticular formation and (3) the lateral zone, including the lateral reticular 

nucleus. 

 

Median Zone 

The median zone of the reticular formation in catfish lies in the middle of the 

rhombencephalon and can be viewed in transverse sections from the Plate 18D to 21I. This 

rhombencephalic zone is occupied by the superior nucleus of the raphe (SR), which starts 

caudal to the end of the trochlear nerve (Plates 18C, D). In its rostral pole, the SR lies in the 

dorsal part of the median zone, bordered in its dorsal part by a compact layer of ependymal 

cells, and lining the wall of the forth ventricle (Plate 18D). Further caudal, as the 

interpeduncular nucleus disappears, the SR cells displace ventrally and occupy the central 

zone of the rhombencephalon (Fig. 17A). The cells from the dorsal pole of SR are rounded 

and small in size, but more ventrally in the midline we found small cells interspersed with 

clusters of larger cells, more intensely stained and with more variable shapes, i.e., rounded, 

ovoid, pyramidal and fusiform (Fig. 17A). The caudal margin of SR is coincident with the 

end of the inferior lobes of the hypothalamus (Plate 21I). 

 

Medial Zone 

At the transverse level where SR arises, and more lateral to it (Plate 18), we also observe the 

onset of the nucleus of the reticular formation (RF). This nucleus occupies a large area in the 

median rhombencephalon, increasing in width from rostral to caudal poles (compare Plates 



 

18 and 19-22). It also has a wide rostrocaudal extension reaching caudally the spinal cord 

(Plate 24). The cells of the nucleus of the reticular formation are intensely stained with cresyl 

violet, varying considerably in shape (ovoid, pyramidal, bipolar and round) and size (small to 

large). The RF neurons appear scattered all over the nucleus, but in some regions some cell 

clusters can be observed (Fig. 17B). Although some studies (Nieuwenhuys & Oey, 1983; 

Cerdá-Reverter et al., 2008) divide the median zone of the reticular formation in three 

different cells masses, superior, medial and inferior reticular nuclei, such division was not 

clear in our catfish species and, therefore, we have assigned all these cells to a single nucleus 

of the reticular formation. Some other cell masses can be observed embedded in the RF; 

rostrally, we observed the large cells of the nucleus of the locus coeruleus (Plate 19F, Fig. 

17B) and further caudal, the giant Mauthner’s cells (Plate 22L, Fig. 19I). 

 

Lateral zone 

The lateral zone of the reticular formation is occupied by the lateral nucleus of the reticular 

formation (RL), which represents one of the most caudal cell masses from the catfish 

rhombencephalon (Plate 24T). This nucleus contains few and poorly stained scattered 

neurons, with variable sizes and shapes (rounded, ovoid and pyramidal) that lie in the lateral 

surface of the hindbrain (Fig. 17C). 

 

4.3. Octavolateral Area 

The octavolateral area of catfish comprises the octaval nerve nuclei, lateral line nerve nucleus, 

the molecular layer of the electrosensory lateral line lobe and the medial nucleus.  

 The octaval nerve nuclei are represented by five main cell masses: (1) the anterior 

octaval nucleus (AON), (2) the descending octaval nucleus (DON), (3) the magnocellular 

nucleus (MAG), (4) the tangential nucleus (T) and (5) the posterior octaval nucleus (PO). The 

organization of this area is presented in Table I. The anterior octaval nucleus (AON) is the 

most rostral nucleus of the octavolateral area. It appears ventrolaterally to the caudal lobe, and 

is bounded ventrally by the trigeminal nerve (TV) and dorsally by the cells of the medial 

octavolateral nucleus (Plates 21J, K). This cells mass is relatively small in rostrocaudal 

extension, and its neurons, which show an intense staining and a rounded or ovoid cell body, 

appear scattered within the nucleus (Fig18A). In its caudal border, the AON is ventro-laterally 

bounded by the fibers of trigeminal and facial nerves, being replaced by the cells of the 

descending octaval nucleus (DON) (Plates 21K, 22L).  



 

The DON begins as a small cell mass, surrounded by three rhombencephalic nuclei 

(MAN, MON and m), adopting further caudal a larger size between the facial lobe and the 

ventrolateral surface, and ending in the lateral portion of the posterior hindbrain (Plates 22L-

24S). Other rhombencephalic cell masses surrounding the DON are the magnocellular nucleus 

(ventrolaterally), the tangential nucleus (ventrally), the facial lobe (dorsomedially) and the 

posterior octaval nucleus (dorsally) (Plates 23O, P, Q, 24R, S). The cells of the DON vary in 

size between small and medium-sized, and exhibit an intense staining, being disposed 

scattered although the cell density is higher than in AON (Fig. 18B).  

The MAG is formed by large neurons, with strong staining and diverse shapes ranging 

from rounded and ovoid to polygonal. Small fusiform cells can also be recognized in this cell 

mass (Fig. 18D). The cells of MAG appear embedded in a profuse neuropil and are bounded 

rostrally by the fibers of the trigeminal nerve (ventromedially) and more caudally by the 

fibers of the vagal nerve (ventrolaterally), being covered dorsally by the DON (Plate 22N, 

23O). The tangential nucleus (T) is found in the ventrolateral border of the caudal 

rhombencephalon, at the entering of the vagal nerve (Plates 23P, Q). The T is a small 

nucleus, presenting few cells (between teen and twelve neurons) varying from medium to 

large sizes. Its neurons show a slight staining and exhibit ovoid shapes, although round cells 

can also be recognized (Fig. 18E). 

In the posterior part of the rhombencephalon, at the caudal pole of the facial lobe and 

lateral to it, arises the posterior octaval nucleus (PO). This nucleus contains densely packed 

and intensely stained cells, round and ovoid in shape (Fig. 18F). It occupies the dorso-lateral 

margin of the brainstem, and is bordered dorsally by the molecular area of the electrosensory 

lateral line lobe and nucleus medialis (m) and ventrally by the DON (Plate 24). The m arises 

ventral to the posterior end of the eurydendroid cells of the caudal lobe, lateral to the rostral 

margin of the facial lobe and dorsal to the octavolateral nerve nuclei (Plate 21K). This 

nucleus represents a continuum with the molecular layer of the cerebellar components, and 

has been reported in other teleost fish as the cerebellar crest (Muñoz-Cueto et al, 2001). As 

the molecular layer of this metencephalic structure, the m presents some round and slightly 

stained cells, interspersed in a dense layer of neuropil and fibers (Fig. 18F, 19F).  

As in other teleost fish, the medial octavolateral nucleus (MON) of catfish can be 

considered as a lateral line nerve nucleus. This nucleus starts laterally under the large area 

occupied by the LoC (Plate 21J), bordered laterally by the ELL and extending caudally in the 

rhombencephalon up to the onset of the vagal lobe (Plate 23). The MON presents small and 

rounded cells of medium size, with intense staining and uniformly scattered within the 



 

nucleus (Fig. 18G). Additionally, some cells of MON may be observed mixed with cells of 

adjacent  nuclei. 

 

4.4. Somatomotor and Visceromotor nuclei 

In catfish, one somatomotor and three visceromotor nuclei had been identified in the 

rhombencephalon. These nuclei are, from rostral to caudal, the trochlear nucleus (nIV), the 

trigeminal nerve motor nucleus (Vm), facial nerve motor nucleus (VIIm) and vagal nerve 

motor nucleus (Xm). 

Caudally to oculomotor nucleus lies a cell mass that also presents some neurons 

surrounded by fibers, in this case from the trochlear nerve. This is the nucleus of the trochlear 

nerve (nIV), with cells of small to medium size and granular aspect, highly stained, and 

distributed loosely within the nucleus (Plate 18C; Fig. 12B). The rostral border of the 

trigeminal nerve motor nucleus (Vm) is coincident with the caudal pole of the inferior lobes 

and the onset of the facial lobe. It arises in the ventrolateral border of the rhombencephalon 

and is bordered by the cells of the reticular formation (medially) and the fibers of the 

secondary gustatory tract (2G) (laterally) (Plate 21J). Rostrally, the Vm presents an ovoid 

shape, and migrates progressively in a dorsomedial direction, assuming caudally an elliptical 

form (Plate 21K, 22L,M). It is composed of round and ovoid neurons, although fusiform 

neurons can also be observed (Fig. 19A). These medium-sized and large cells show strong 

staining and are grouped rather condensed (Fig. 19A). 

The facial nerve motor nucleus (VIIm) starts at the same transverse level than the 

tangential nucleus, slightly rostral to the onset of the vagal lobe (Plate 23P). The VIIm lies 

lateral to RF, and its neurons present a variable shape (ovoid, round and fusiform) and size 

(from small to medium-sized cells) (Fig. 19B). These cells are intensely stained, although less 

labeled than those of Vm, and appear distributed slightly more aggregated than Vm neurons 

(Fig. 19B). Finally, the vagal nerve motor nucleus (Xm) is placed close to the midline, 

ventrally to the vagal lobe, and bordering dorsally the caudal reticular formation (Plate 24R, 

24S). The cells of the Xm are interspersed with other vagal cells that vary considerable in size 

(from small to large) and shape (round, pyramidal and fusiform) but can be distinguished 

from those of the vagal lobe because of their larger size and stronger staining (Fig. 19C). 

 

4.5. Other nuclei 

The remaining nuclei of the rhombencephalon in catfish will be considered in this item. They 

are organized, from rostral to caudal, in into eight nuclei: granular cells associated to medial 



 

auditory nucleus (g aud), preemential nucleus (PE), medial auditory nucleus of the medulla 

(MAN), electrosensory lateral line lobe (ELL), cells of Mauthner (Mc), cells of the facial lobe 

(FL), cells of the vagal lobe (VL) and inferior olive (IO). 

The preemential nucleus in catfish in predominantly located in the lateral part of the 

rhombencephalon, and have been divided in two nuclei, both the dorsal and ventral part of the 

preemential nucleus (PEd and PEv, respectively). The PEd is observed initially bordered in 

its dorsal part by EG, in ventral and medial is surrounded by the nuclei of the mesencephalon 

(Plate 18D), seeming to migrate laterally, forming a slight protuberance in the lateral 

rhombencephalon (Plate 20). The PEv can be observed just after the final protion of the optic 

tectum (Plate 20G), located just below to PEd. Although the PEd and PEv present similar 

feature, as a strongly staining of cells, with a predominantly round shape (fusiform neurons 

can be recognized) and a condensed arrangement, two main difference between the 

subdivision of PE can be observed: (1) the moment of appearance of these nuclei and (2) the 

limitation of one another, that form two macroscopically and microscopically notable nuclei 

(Plate 21I; Fig. 19D). In its final position, the PEd is observed bordered dorsal by the 

trigeminal nerve (TN) (Plate 21; Fig. 19D). 

The MAN is observed after the g aud, making border with the ventricular wall during 

all its extension (Plates 21J-22M). The cells of MAN are distributed in a scattered form, 

presenting round and ovoid neurons that vary from small to medium-sizes, with a slight 

staining (Fig. C). Caudally, MAN is ventrally bordered by the internal arcuate fiber, which 

comprise a set of fibers that is observed crossing both, left and right hemispheres of the 

rhombencephalon (Plate 22L). In the same histological cross-section of the emergence of 

MAN, the ELL is observed located in the lateral of the rhombencephalon. The cells of the 

ELL are from small to medium-sizes, with a not very strong staining, but most evident than to 

MAN (Fig. 19F). Its cells can be viewed at the moment of the emergence of the vagal lobe 

cells. 

The giant cells of Mauthner, in catfish, appear below to IAF and dorsal to RM (Plate 

22L). As in another teleost fish, the Mc represent the largest neurons of the brain, and in 

catfish, these cells have a medial-lateral extent of 149µm (Fig. 19I). In teleosts, these cells 

send descending projections to the spinal cord (Oka et al, 1986; Prasada Rao et al, 1987, 

1993; Behrend & Donicht, 1990). 

In the caudal brainstem, the cells of the facial lobe appears between the final part of the 

caudal lobe and the MAN (Plate 21K). From rostral to caudal, the FL have a considerable 

increase of its size (Plates 22L-23Q), decreasing sharply at level of the Plate 24R. The cells 



 

of FL present a homogeneous size (small) and distribution, with a medium staining. Located 

medially to FL, is the vagal lobe, which appear between the dorsal and ventral 

rhombencephalon (Plate 23Q). The cells of VL are arranged of a scattered way, present 

various shape (round, ovoid and fusiform) and sizes (from small to large), with a strong 

staining (Fig. 19C). Further, caudally, the cells of VL occupy the entire medial vertical wall 

in the rhombencephalon (Plate 24). 

Finally, the last one nucleus reported in the brain of catfish, is the inferior olive. The 

few cells of IO are distributed along the ventral surface of rhombencephalon below of the 

nucleus of reticular formation (Plate 24T). Its cells are poorly stained, presenting a small size 

grouped in the basal rhombencephalon (Fig. 19G). This nucleus have been reported as present 

in all actinopterygians (Nieuwenhuys & Pouwels, 1983). Additionally, in teleost it has been 

observed that the IO projects to the VCe (Wulliman & Northcutt, 1989; Ito & Yoshimoto, 

1990) and the CCe (Finger, 1978; Ito et al, 1982; Wulliman & Northcutt, 1988; Ito & 

Yoshimoto, 1990). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
Fig. 17. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the raphe and reticular formation nuclei. 

Sections at the level of (A) Plate 19F, (B) Plate 20G, (C) Plate 24T. Scale bar = 17μm. For abbreviations, see the 

list of abbreviations (on the beginning of this Atlas) and Table I. 

 

 



 

 

 

 

 

Fig. 18. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the different nuclei of the octavolateral area. 

Sections at the level of (A) Plate 21J; (B) Plate 23Q, (C) Plate 22L, (D) Plate 22N, (E) Plate 23P, (F) Plate 24R 

and (G) Plate 21K. Scale bar = 17 μm. For abbreviations, see the list of abbreviations (on the beginning of this 

Atlas) and Table 1. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. Photomicrographs of transverse sections of the catfish brain (Steindachneridion parahybae) 

stained with cresyl-violet showing at higher magnification the visceromotor and other rhombencephalic 

nuclei. (A) Plate 22L and (B) Plate 22P, (C) Plate 24R, (D) Plate 21I, (E) Plate 19E, (F) Plate 22M, (G) Plate 

24T, (H) Plate 22M and (I) 22L. Each picture presents a scale bar of 17μm, with exception of the picture D, 

which presents a scale bar of 70 μm. For abbreviations, see the list of abbreviations (on the beginning of this 

Atlas) and Table 1. 
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DISCUSSION 

 

Telencephalon 

As observed in other species of catfish, the brain of S. parahybae is very similarly, especially 

with regard to brain hemispheres compared to another catfish species: Pimelodella kronei and 

P. transient (Trajano, 1994), Clarias gariepinus (Dubois et al., 2001), Oxydoras sifontesi 

(Chavez-Aponte et al., 2009), Ariopsis seemanni (Londoño & Giraldo, 2010). Accordingly, 

when compared with other teleosts (Kotrschal et al, 1998; Ito et al, 2007), we highlight the 

presence of an extended medium elongated olfactory tract in S. parahybae, which separates 

the pair of olfactory bulbs from the telencephalon hemispheres. The presence of this 

elongation is reported for other species, as goldfish (Carassius), mormyrids (Gnathonemus) 

(Nieuwenhuys et al, 1998). In this context, the medium olfactory tract is not observed in 

Perciformes species, for example, its OB is attached to the telencephalon hemispheres (called 

sessile olfactory bulb), (Kotrschal et al. 1998; Cerdá-Reverter, 2001a; Muñoz-Cueto et al, 

2001; Mukuda & Ando, 2003, Burmeister et al, 2009). 

Although the animals used in this study were juveniles, preliminary analyses of the 

brain in adults of catfish show slight hypertrophy in the lateral telencephalon but with a very 

similar arrangement of the brain cytoarchitecture (Honji, 2011). Nevertheless, when 

compared to Ictalurus punctatus, it can be observed a similar division of the brain areas 

according to a more general position of the nuclei (Bass, 1981). For example, in the present 

study, the dorsal area of the telencephalon was divided into six main areas (Dm, Dc, Dd, Dl, 

Dp, NT, as in Table I), the same division has been used in I. punctatus, however these areas 

have received a different subdivision (Bass, 1981). This author named the Dm without 

subdivisions for all extension of the telencephalon, and three subdivisions for the Dc, while 

for S. parahybae we have classified the Dm in three subdivisions (Dmm, Dmd and Dmc) and 

the Dc in two different cell masses (Dc1 and Dc2). Moreover, the posterior part of the dorsal 

telencephalon (Dp) in catfish is represented by only one cell mass, while in I. punctatus have 

been recognized the rostral and caudal parts (named by the author as DPr and DPc).  

Among the teleost fish studied so far, the telencephalon subdivisions are reported with a 

very similar compartmentalization, changing in the size of the cell mass or ever in the number 

of subdivision, as observed in different species: Anguilla japonica (Mukuda & Ando, 2003), 

Dicentrarchus labrax (Cerdá-Reverter, 2001a), Sparus aurata (Muñoz-Cueto et al., 2001), 

Carassius auratus (Morita & Finger, 1987; Rupp, B. et al, 1996), Oncorhynchus mykiss 



 

(Nieuwenhyus et al., 1998), Danio rerio (Wullimann et al., 1996) and Ictalurus punctatus 

(Bass, 1981) (for review see Northcutt & Davis, 1983; Northcutt, 2008). However, the 

dorsal part of the telencephalon seems to show the major particularity among the species, and 

can vary inside a same Order, Genre or among the same species (Trajano, 1994; Ito et al., 

2007). Several studies in different teleost fish indicate that the dorsal part of telencephalon 

remains with no clear reasons for its subdivision, maybe the different names vary because of 

the nomenclature used. Additionally, several cells masses can be different in relation to 

subdivisions of the same area, or even considering the position of an area with the same 

features but that lies in a different portion of the dorsal telencephalon. In contrast, the ventral 

part of the telencephalon seems to be conserved in almost all teleost species studied so far, 

presenting a few variations about the nomenclature or feature (Northcutt & Braford, 1983; 

Murukami et al, 1983; Cerdá-Reverter et al, 2001a; Northcutt, 2006). 

Studies in a catfish species – Clarias gariepinus - point the olfactory bulb as an 

important structure related to embryological development of the endocrine system, like the 

GnRH, which has its origin in the olfactory placode, migrating through the ventral 

telencephalon reaching on pituitary gland (Dubois et al, 2001). Previous studies performed in 

animals of the same group used in this Atlas have demonstrated the presence of 

immunoreactive neurons for cfGAP and its fibers since the olfactory bulb (in the external cell 

layer of the OB) into different regions of the ventral telencephalon (see the nomenclature of 

GnRH and details about the experiment in the Chapter II). 

About the projections of the olfactory bulb, Braford & Northcutt (1983), suggest that 

in ray-finned fish with simply organized telencephalon, the olfactory projections seem to be 

restricted to the medial, i.e. the topological lateral part. While in teleost fish, the dorsal 

telencephalic projections terminate in the Dp, which supposedly secondarily migrated to a 

lateral position, and they are even also widely spread to all ventral regions of the 

telencephalon (von Bartheld et al, 1984; Levine & Deither, 1985). 

 

Diencephalon 

The diencephalon is the most complex area in teleosts. Different authors use several terms to 

classify the diencephalic regions, however, in this study we have used mainly the 

nomenclature proposed by Bradford and Northcutt, (1983) and Muñoz-Cueto et al, (2001). 

Among the teleost fish, the diencephalic cytoarchitecture has been studied in all of the four 

main teleost radiations: Osteoglossomorpha, Elopomorpha, Clupeomorpha and Euteleostei. 

Even, a great number of these studies were performed in two groups of euteleosts: the 



 

ostariophysans and percomorphs (Peter & Gill, 1975; Peter et al., 1975; Braford and 

Northcutt, 1983; Ito et al., 1984; Fernald and Shelton, 1985; Murakami et al., 1986a, 

1896b, 1986c; Gómez-Segade and Anadón, 1988; Northcutt and Wullimann, 1988). 

Although the preoptic area (POA) have been included as a part of the telencephalon in 

channel catfish - Ictalurus punctatus (Bass, 1981), posterior studies with this species have 

described the POA in the diencephalon (Striedter, 1990), and this classification has been 

used in the present study. The POA in catfish is very similar to observed in channel catfish, 

changing mainly in the position of some nuclei in the brain. We have observed that in juvenile 

catfish both, the gigantocellular and magnocellular part of the parvocellular preoptic nucleus 

(NPOgc and NPOmc, respectively), cannot been strongly recognized, although we found 

differences between them. In turn, if observed in goldfish (Carassius) or gilthead seabream 

(Sparus aurata), these regions present more distinguishable cells than catfish, which present a 

larger-size features, more evident than that (Braford & Northcutt, 1983; Muñoz-Cueto et 

al, 2001). On the other hand, this difference of cell-sizes of the NPOgc and NPOmc seems to 

vary seasonally in both teleosts species, the shore rockling (Gaidropsarus mediterraneus) and 

the Mediterranean rainbow wrasse (Coris julis) (Gómez-Segade et al, 1986). 

The simplest pattern of hypothalamic organization have been described in Polypterus. 

In Polypterus, hypothalamic portion of the third ventricle is only a strait structure, and the 

walls of the hypothalamus just show a dorsal, ventral and caudal periventricular nucleus. In 

neopterygians, the medial-rostral and caudal portion of the third ventricle are more expanded 

laterally and originates the lateral and posterior recesses, respectively. As observed in 

Polypterus, the hypothalamus walls in neopterygians also present the dorsal, ventral and 

caudal periventricular nucleus, but the walls are thickest if compared to Polypterus and they 

are further characterized by the presence of numerous migrated nucleus (Rupp & Northcutt, 

1998). In Lepsosteus, only two migrated nuclei have been described: (1) a small diffuse 

nucleus located in the lateral surface of the inferior lobe, and (2) a more medially located, a 

smaller central nucleus, both of which are cytoarchitectonically conservative in comparison 

with other neopterygians species (Braford and Northcutt, 1983; Northcutt and Butler, 

1993).  

As observed in other teleosts, the hypothalamic walls in of the third ventricle in S. 

parahybae are even more expanded; both the diffuse and the central nucleus of the inferior 

lobe are larger, moreover, a lateral hypothalamic nucleus as well as ventral, lateral and 

anterior tuberal nuclei are present (Braford and Northcutt, 1983). A similar pattern of the 

hypothalamus, observed in juvenile catfish in this study, have been described for adult 



 

females of this species, during the reproductive cycle, showing a difference just related to the 

relative size of the IL, which in adults seems to be more bulky than in juveniles (Honji, 

2011). 

Previous analyses allow to infer the presence of GnRH1 in the hypothalamus of 

juveniles catfish (see in the Chapter II), with fibers of GnRH1 extending through the inferior 

lobe of the hypothalamus, reaching the PIT and bordering the walls of the lateral recess. It is 

also observed its fibers in the thalamus. The distribution of the GnRH forms and its roles in 

the brain of fish is widely studied in the literature (Zohar et al, 2010). 

The dorsal and ventral thalamus in catfish have a very similar (but not the same) 

organization and features described in several fish, as Carassius auratus (Braford & 

Northcutt, 1983), Haplochromis burtoni (Fernald & Shelton, 1985), Lepomis cyanellus 

(Northcutt & Butler, 1991), Dicentrarchus labrax (Cerdá-Reverter et al, 2001b) and 

Sparus auratus (Muñoz-Cueto et al, 2001). Although in catfish we adopted the main 

nomenclature used above, the thalamus in juvenile catfish present a slight similarity if 

compared with both species, I. punctatus and Pantodon buchholzi, in which the ventromedial 

nucleus of the thalamus (VM) have been described with two portions, the caudal and rostral 

part (Striedter, 1990a; Butler & Saidel, 1991). Nevertheless, it is recognized as a different 

grouping of VM in catfish, because this arrangement is not clear enough for admit that are 

indeed a subdivision in this nucleus that could be called as rostral and caudal portions. 

Additionally, as for any of the previous experimental studies of ictalurid catfishes (Fraley & 

Sharma, 1986; Babu & Prasada Rao, 1988; Striedter, 1990a) and the fresh water butterfly 

(Butler & Saidel, 1991), in the VM of catfish the nucleus of the thalamic eminence (nTE) 

was not described, which is reported in different Orders of teleosts, as Perciformes - Sparus 

auratus (Muñoz-Cueto et al, 2001) and Cypriniformes – Carassius auratus (Braford & 

Northcutt, 1983). 

The posterior tubercle in catfish has a similar arrangement compared to other teleosts. 

We suggest that the difference observed in catfish may be related to the age of the animals. In 

ictalurid fish studies, comparing the differences of the posterior tubercle between juveniles 

and adults there is a different organization of this area (Striedter, 1991; Kanwal et al, 1988). 

By the way, the preglomerular nuclei of Ictalurus punctatus and Steindachneridion parahybae 

present a very similar feature, differing in the relative position in the brain, lying more 

caudally in catfish than in channel catfish.  

As opposed to catfish, in channel catfish it is observed that the appearance of the TLa 

and the PIT is so rostral. Beyond these nuclei, in catfish, the CM is visualized at the end of 



 

PIT, while in channel catfish the emergence of the CM is viewed after the point where the PIT 

is attached to hypothalamus. Its visualization in channel catfish occurs just after the first 

appearance of the vascular sac, seeming to migrate from central to periventricular area of the 

diencephalon (Striedter, 1990). The pattern observed in catfish is also not common if 

compared with other teleost species, as Salmo gardineri (Billard & Peter, 1982), Sparus 

aurata (Muñoz-Cueto et al, 2001), Dicentrarchus labrax (Cerdá-Reverter et al, 2001b), 

Anguilla japonica (Mukuda & Ando, 2003). Additionally, the mammillary bodies (CM) of 

catfish seem to be associated with the PIT through a peduncle, and for this reason we believe 

that this nucleus is found near to beginning of this gland (see in Chapter II). 

Many studies performed in several teleosts fishes have been revealed that the 

preglomerular nuclei are of particular interest, as they receive ascending auditory, 

electrosensory, gustatory, mechanosensory lateral line, and tectal inputs and project to the 

dorsal telencephalic area (Ito & Vanegas, 1983; Ito et al, 1986; Murakami et al, 1986a; 

Kanwal et al, l988; Wullimann, l988; Striedter, 1990b; Wullimann & Northcutt, 1990). 

The synencephalon is very variable due to the complex organization of this area. In 

catfish, this region, as described by other authors, is considered as a transition between the 

diencephalon proper and the mesencephalon (Braford & Northcutt, 1983; Wulliman and 

Northcutt, 1988; Puelles & Rubestein, 1993). Striedter (1990) divides the synencephalon 

as a periventricular portion and a more lateral pretectal portion, while Braford & Northcutt 

(1983) classify these same portion as synencephalon and the reminder portion of the 

pretectum, respectively. In turn, we have used the references above, but adopting the 

subdivision present in Table II, dividing the synencephalon in PP, NP, nMLF, SCO and 

MPN, whereas the pretectum is composed by the CPN and NES. 

In the present study, in the pretectum of catfish two pretectal nuclei were described, 

however in Sparus auratus (Muñoz-Cueto et al, 2001) and Dicentrarchus labrax (Cerdá-

Reverter et al, 2001b) five pretectal nucleus are described. On the other hands, in channel 

catfish it is reported only one pretectal nucleus (Striedter, 1990). The nucleus reported in 

channel catfish is the electrosensorius nucleus (NES). Its nucleus is recognized in the catfish 

Corydoras paleatus (Miller, 1940), but it is not described in the electric catfish, Malapterurus 

etetricus (Ebbeson & O’Donnel, 1980). Although the catfish is not known as an electric 

catfish, we have recognized the NES with agreement to proposed by Striedter (1989; 1990), 

who suggest a homology to the nucleus with the same name in gymnotoid electric fish – 

Eigenmannia (Carr et al, 1981; Keller et al, 1980). As in Ictalurids, the NES in catfish is a 

remarkable nucleus, with strong staining, but not larger than in gymnotoid electric fish. 



 

In the diencephalon of catfish, we have recognized two accessory preoptic nuclei – the 

dorsal accessory preoptic nucleus (DAO) and ventral accessory preoptic nucleus (VAO). The 

features as well as the relative location in the brain is similar to described for other teleost fish 

(Northcutt & Wulliman, 1988; Striedter, 1990a; Butler and Northcutt, 1993; Muñoz-

Cueto et al, 2001; Cerdá-Reverter et al, 2001b). Compared to other teleost, the VAO is a 

relative small nucleus in Carassius auratus (Wulliman & Northcutt, 1988) and, as in 

channel catfish (Striedter, 1990) the VAO in S. parahybae can be even smaller. The dorsal 

and ventral accessory optic nuclei have been described as recipients of retinofugal projections 

and as the origin of corpopetal projections, and in Lepomis and Carassius projects to the 

valvula of the cerebellum (Northcutt & Wulliman, 1988; Wulliman & Northcutt, 1988; 

Wulliman & Northcutt, 1989). 

 

Mesencephalon 

The mesencephalon of Steindachneridion parahybae can be compared to another teleost fish, 

differing in some features as size, number of nuclei and relative position of this nucleus. Here, 

we divided the mesencephalon of catfish in two great areas: (1) the mesencephalic tectum and 

(2) the mesencephalic tegmentum, as in the Table I. 

The mesencephalic tectum of catfish is composed by the optic tectum (OT) and the 

longitudinal torus (TLo). The last, is described here as a densely packed with small neurons 

that resemble the small granule cells of the cerebellum. In teleosts, this structure receives an 

input from the valvula of the cerebellum and telencephalic input via tegmental and 

preglomerular nuclei, and projects to the optic tectum (Ito & Kishida, 1978; Northmore et 

al, 1983; Wulliman & Roth, 1994). The optic tectum in catfish have a similar proportional 

size if compared to channel catfish (Striedter, 1990), while it seems proportionally smaller 

when compared to Dicentrarchus labrax (Cerdá-Reverter et al, 2001b), Sparus auratus 

(Muñoz-Cueto et al, 2001), Salmo gardineri (Billard & Peter, 1982, Northcutt & Davis, 

1983) and Lepomis cyanellus (Northcutt & Davis, 1983). The organization of layers of the 

optic tectum described in catfish is very similar to reported by Muñoz-Cueto et al. (2001). 

However, these authors present a more detailed description of the superficial white gray zone 

(SWGZ) of the optic tectum in gilthead seabream than we did for the catfish, because SWGZ 

in catfish is not so clear. Interestingly, in Anguilla japonica, in the optic tectum there was 

recognized only one condensed layer reported as somata, corresponding to the preglomerular 

gray zone of the optic tectum (Mukuda & Ando, 2003). These authors have not describe the 



 

fibrous layers present in the optic tectum for A. japonica, possibly viewable in the cross-

section on their study. 

Although the role of the optic tectum is widely studied in fish, so far there are no 

evidences studies showing the minimal function to this structure in Steindachneridion 

parahybae. Nevertheless, it is known that the importance of tectum in a teleost fish can be 

shown by damaging it. Complete removal (ablation) can make the animal effectively blind. 

Damage to the tectum in teleosts also results in losses that go beyond blindness, being 

impaired in their ability to swim using non-visual senses, bumping into objects in a way that 

eyeless fish would not, because the tectum holds other sensory modalities besides vision 

(Jacobson and Gaze 1964; Springer et al, 1977; Maximov et al. 2005; Damjanovic et al. 

2009a, 2009b). 

Also in this sense, experiments performed in Carassius auratus have demonstrated the 

importance of the optic tectum and their implication if these lobes are partial or entirely 

removed. In studies performed in Carassius, five visually mediated behaviors were evaluated 

following the removal (ablation) of one or both lobes of the optic tectum, being observed that 

three of the behaviors disappeared following tectal removal: (1) optomotor response 

(swimming with the stripes in a rotating striped drum), (2) food pellet localization and (3) 

shadow-induced deceleration of respiration. Still in the same experiments, two of the 

behaviors persisted following tectal removal: (1) optokinetic nystagmus (eyes movements 

with the stripes in a rotating striped drum) and (2) dorsal light reflex (tilting of the vertical 

axis toward the brighter of two laterally placed lights) (Springer et al, 1977). 

While the mesencephalic tectum predominantly receives visual input and in ray-finned 

fish has an associated, medially lying structure, the mesencephalic tegmentum contains a 

variety of cranial nerves and other nuclei, and receives predominantly auditory and lateral line 

inputs (Butler, 2000). The mesencephalic tegmentum in catfish have been divided into three 

main areas also previously reported in other teleosts, including different Orders (Butler, 2000, 

Cerdá-Reverter et al, 2001b; Muñoz-Cueto et al, 2001; Mukuda & Ando, 2003) (the 

organization of the mesencephalic tegmentum in catfish can be seen in Table I). 

A mesencephalic area that is very studied in the field of neurophysiology is the torus 

semicircular (TS). As observed in catfish, the torus semicircular is generally formed by three 

parts – a lateral, central and ventral part. The central nucleus is reported as relaying auditory 

inputs to multiple sites, including the anterior tuberal nucleus of the hypothalamus and the 

anterior nucleus of the thalamus (Echteler, 1984). In neuroendocrinology studies, 



 

immunohistochemistry assay was made in adult females of Steindachneridion parahybae, 

recognizing GnRH2-neurons in the lateral part of the TS (Honji, 2011). 

On the other hand, although similar topography, the TS presents different sizes that can 

vary among species. For example, in passively electrosensory teleosts as ictalurid catfish and 

notopterid xenomystines (knifefishes), the TS is large and present a medial acoustic relay 

zone, a lateral electrosensory relay zone and a mechanosensory relay zone in the intermediate 

position (Knudsen, 1977 and 1978; Finger, 1986; Braford, 1986). In gymnotoid (electric 

ells and knifefishes) and mormyrids fish, the torus semicircular is even larger, presenting 

somewhat difference, reflecting its independently achieved elaboration in these two fish 

groups (Bell et al, 1981; Bell & Szabo, 1986). 

 

Rhombencephalon 

Several studies about the fish brain have been made so far, and the topographic morphology 

reveals some particularity shared among groups of fish from the same Order, Genre, Family 

or even among species. About the features of cerebellum of catfish, the same characteristic 

has been reported in many catfish species, as Ictalurus punctatus (Bass, 1981; Striedter, 

1990), Pimelodella transitoria and Pimelodella kronei (Trajano, 1994), Clarias gariepinus 

(Dubois et al., 2001), Oxydoras sifontesi (Cháves-Aponte et al., 2009), Ariopsis seemanni 

(Londoño & Giraldo, 2010). While the catfish studied here are juveniles the presence of a 

developed cerebellum is observed also in adults of this species (Honji, 2011). 

The arrangement of the cerebellum cells is presented here as formed by the corpus of 

the cerebellum and the valvula of the cerebellum. Some author have included one more 

nucleus in the cerebellum, the crest of the cerebellum (Nieuwenhuys, 1982; Finger, 1983a; 

Muñoz-Cueto et al, 2001), however in catfish the structure that resembles the crest is the m 

(molecular layer of the electrosensory lateral line lobe and nucleus medialis). Efferent fibers 

coming from the corpus of the cerebellum run inside of the anterior mesencephalocerebellar 

tract and innervate regions of the longitudinal torus, while the posterior mesencephalon-

cerebellar tract fibers terminate in the lateral nucleus of the valvula, octaval nuclei and the 

inferior reticular formation (Finger, 1983b; Wulliman & Northcutt, 1988). 

The main outcome of this study has been the availability of a complete Atlas of the 

brain of catfish, which has been used to localize precisely the distribution of cells and fibers 

of the Gonadotropin-releasing hormone in the brain. This Atlas will also represent a valuable 

tool for future endocrine analyses, allowing the precise mapping of the different 



 

neurohormones in the brain of catfish, as well as for the study of neural connections among 

different brain areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

 

 

 

 

PLATES 
 

 

Detailed histological cross-section of the 

catfish (Steindachneridion parahybae) brain. 

 

 

 

 

  

 

 



 

 

 

 

THE 

TELENCEPHALON 
 

 

 

Sequences of cross-sections from rostral 

(Plate 1) to caudal part (Plate 8) of the 

brain of juvenile Steindachneridion 

parahybae. 

The photomicrographs on the left were stained with 

cresyl-violet; right schemes represent different cell 

masses in the telencephalon. The white arrows 

represent the main telencephalic sulcus (sulcus 

externus, ipsilyformes and lateralis). The position 

that each one cross-section can be viewed through 

the Fig. 1. Scale bar: 550μm. For abbreviations, see 

the list of abbreviations (on the beginning of this 

Atlas) and Table I. 
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Plate 6 
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Plate 8 



 

 

 

 

 

 

THE 

DIENCEPHALON 
 

 

 

Sequences of cross-sections from rostral 

(Plate 9) to caudal part (Plate 16) of the 

brain of juvenile Steindachneridion 

parahybae. 

The photomicrographs on the left were stained with 

cresyl-violet; right schemes represent different cell 

masses in the telencephalon. The position that each 

one cross-section can be viewed through the Fig. 1. 
Scale bar: 550μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and 

Table I. 
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THE 

MIDBRAIN*  

and HINDBRAIN** 
 

 

Sequences of cross-sections from rostral 

(Plate 17) to caudal part (Plate 24) of the 

brain of juvenile Steindachneridion 

parahybae. 

The photomicrographs on the left were stained with 

cresyl-violet; right schemes represent different cell 

masses in the mesencephalon, cerebellum and 

rhombencephalon. The position that each one cross-

section can be viewed through the Fig. 1. Scale bar: 

550μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and 

Table I. 
 

 

 

(*) Mesencephalon; (**) Cerebellum and Rhombencephalon 
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Plate 23 
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SCHEMES 
 

 

Detailed schemes of the catfish 

(Steindachneridion parahybae) brain.  

This part is to provide a use in the different 

analyses, i. e. immunohistochemistry, using 

also as a tool for different studies. 

 

 

 

 

 

 

 

 



 

 

 

 

 

THE 

TELENCEPHALON 
 

 

 

Sequences of cross-sections from rostral 

(Plate 1) to caudal part (Plate 8) of the 

brain of juvenile Steindachneridion 

parahybae. 

Schemes representing different cell masses in the 

telencephalon. The white arrows represent the main 

telencephalic sulcus (sulcus externus, ipsilyformes 

and lateralis). The position that each one cross-

section can be viewed through the Fig. 1. Scale bar: 

550μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and 

Table I. 

 

 

  

       SCHEMES             of 



 



 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
Scheme 1 



 

 
 

 

  
Scheme 2 



 

  

 
 

 
Scheme 3 



 

  

  

  

Scheme 4 



 

 

Scheme 5 



 

 

  

Scheme 6 



 

  

    

 

   

   

Scheme 7 
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THE 

DIENCEPHALON 
 

 

 

Sequences of cross-sections from rostral 

(Plate 9) to caudal part (Plate 16) of the 

brain of juvenile Steindachneridion 

parahybae. 

Schemes representing different cell masses in the 

diencephalon. The position that each one cross-

section can be viewed through the Fig. 1. Scale bar: 

550μm. For abbreviations, see the list of 

abbreviations (on the beginning of this Atlas) and 

the Table I. 
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THE 

MIDBRAIN*  

and HINDBRAIN** 
 

 

 

Sequences of cross-sections from rostral 

(Plate 17) to caudal part (Plate 24) of the 

brain of juvenile Steindachneridion 

parahybae. 

Schemes representing different cell masses in the 

mesencephalon, cerebellum and rhombencephalon. 

The position that each one cross-section can be 

viewed through the Fig. 1. Scale bar: 550μm. For 

abbreviations, see the list of abbreviations (on the 

beginning of this Atlas) and the Table I. 
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Studies related to the distribution, localization and roles of the different molecular forms of 

the Gonadotropin-Releasing Hormone (GnRH) in the brain of fish, allow to the better 

understanding of the reproductive biology of the species. Thus, in this study, we have 

analyzed the distribution of the cells expressing catfish GnRH form in the brain of juveniles of 

a native catfish species - Steindachneridion parahybae-, using specific antibodies to the 

corresponding GnRH-associated peptide (GAP), by immunohistochemical techniques. The 

animal used were juveniles with up to 100 days post-hatching. We have described 

immunoreactive neurons in the external cell layer of the olfactory bulbs, with several fibers-ir 

distributed along all extension of the bulbs, in different layers. In the telencephalon few 

neurons-ir were recognized in the caudal part of the medial dorsal telencephalon (Dmc), 

while several fiber-ir can be observed distributed along the periventricular wall in the ventral 

and dorsal part. Interesting, some cells containing catfishGAP were target in the limit of DP 

(dorsal posterior nuclei of the telencephalon) and Dmc. About the diencephalon, the preoptic 

area present some neurons-ir, involved in several fiber-ir, which extends to medial and 

inferior zone of the hypothalamus, into to reach the pituitary gland. A significant number of 

fiber-ir were observed in the inferior lobe of the hypothalamus, around the lateral recess 

nucleus. 

 
Key words: Fish brain; Endocrinology; GnRH; Teleost; Fish reproduction, 

Steindachneridion parahybae. 

 

 

 

 

 

 

 

 

 

 



 

 

In teleost fish, the reproduction is modulated by external stimuli such as temperature, 

photoperiod, rainfall, electrical conductivity. As a result of the reception and transduction of 

environmental signals, endogenous factors act regulating fish reproduction. Acting at the top 

of the hormonal cascade responsible for the reproductive process, we highlight the 

hypothalamic neurohormone GnRH (gonadotropin-releasing hormone). This is a main 

neurohormone involved in the reproductive process of teleost fish, present in several brain 

regions and is the responsible for the stimulation of pituitary cells to synthesize and release 

gonadotropins (FSH – follicle-stimulating hormone and LH-luteinizing hormone), that act 

directly on gonadal development e maturation. This complex system involving different 

hormones that act in the whole reproductive process, is also called Brain-Pituitary-Gonads 

axis (Figure 1) (Yamamoto, 2003; Zohar et al., 2010; Miranda et al, 2013). 

Although the number of neuroendocrine factors that have been related to the control of 

the reproductive process in fishes has been increasing progressively in the last two decades, in 

many cases detailed information does not exist describing when and how these effects are 

exerted, nor whether these effects can be generalized to all fish species. Initially it was 

considered that GnRH was released by one single population of hypophysiotrophic neurons 

that stimulated the secretion of pituitary gonadotropins, and that represented the principal 

factor setting off the hormonal cascade that controlled the reproductive axis. Since the 

pioneering studies of Bernard Breton and collaborators, who showed that GnRH stimulates 

the release of gonadotropins in the carp (Breton et al., 1972), and the studies of Nancy 

Sherwood, who characterised the first form of GnRH in fishes, the salmon GnRH (Sherwood 

et al., 1983), researches on the GnRH systems in fishes has attracted considerable attention. 

This interest is due in part to the practical applications of GnRH in aquaculture (Zohar & 

Mylonas, 2001), but also because teleosts are a phylogenetic group of great interest for 

understanding the evolution of genes and GnRH systems in vertebrates. As we shall see in the 

following sections, today we know that most vertebrates express two or three different forms 

of GnRH in different tissues; these forms can exert pleiotropic actions mediated by different 

types of receptors. Teleosts have played a crucial role in the establishment of these new 

concepts, which have enabled researchers to establish evolutionary models for how the 

functions of the different forms of GnRH have evolved (Gorbman & Sower, 2003; 

Lethimonier et al., 2004; Guilgur et al., 2006; Kah et al., 2007). 



 

It is known that GnRH is a decapeptide, present in fish in two or three different 

molecular forms, with different functions, being one of these functions the stimulation of 

synthesis and release of GtHs by the anterior pituitary (Zohar et al., 2010), a function related 

with the location of these GnRH forms in the brain. Thus, the distribution of neurons that 

synthesize the three paralogous forms of GnRH (GNRH1, GnRH2 and GnRH3 - for review to 

see Fernald & White, 1999) has been studied in different teleost species (Okubo & 

Nagahama, 2008). The different forms of GnRH have specific names (Table I). In addition, 

among the different terms used when referring to GnRH, traditionally it receives the name of 

the species in which GnRH was first isolated (e.g. cfGnRH, catfish GnRH, firstly isolated in a 

catfish). However, the current terminology and the one adopted in the present study is based 

on the location and function of this neurohormone in the brain (Fernald & White, 1999). 

Regarding the distribution of neurons that synthesize the three forms of GnRH - 

GnRH1, GnRH2 and GnRH3 (Table II) -, they have been studied in different teleost species 

and the three forms have survived throughout evolution (Okubo & Nagahama, 2008). In 

most teleosts, GnRH1 is mainly synthesized in the pre-optic area and almost exclusively 

released in the pituitary, while the GnRH2 and GnRH3 are produced in the mesencephalic 

tegumentum and the terminal nerve, respectively, and transported in many areas of the brain 

(Yamamoto et al., 1995). 

With respect to the embryological origin of the GnRH system in teleost fish, the 

appearance of GnRH neurons during the ontogeny is different: the neurons of GNRH1 and 

GnRH3 in teleosts have common origin in the olfactory placode, as reported for another 

vertebrates (González-Martínez et al., 2002, 2004; Kah et al., 2007). Abraham and 

collaborators (2008) -  studying zebrafish-, and Dubois et al (2001) - studying a catfish 

species -, suggest that the origin of the GNRH1 and GnRH3 occurs in the olfactory region, 

subsequently there is a migration of neurons through terminal nerve (TN) and ventral part of 

the telencephalon to the hypothalamic region. While GnRH2 has its origin in the 

synencephalon, migrating almost exclusively to the mesencephalic tegumentum (Yamamoto 

et al., 1995). 

 



 

 

Figure 1. Scheme of Brain-Pituitary-Gonads axis in female teleosts fish – Main pathways of 

synthesis of the sexual steroids and vitellogenin. (*) maturation of the ovaries, (**) final maturation 

and spawning. P450arom: Cytochrome aromatase P450, 20βHSD: 20β-hidroxysteroid 

dehydrogenase. Adapted of Melamed & Sherwood, 2005; Zohar et al., 2010. 

 

 



 

 

Table I. Amino acid sequences of vertebrates GnRH peptides. Different amino acids, compared with 

mammalian GnRH are showed with blue shading. In gray shading are showed the GnRH forms 

identified in fish (adapted from Honji, 2011). 

 

 



 

 

 

Considering theses information about GnRH, specifically the GnRH1 and its 

importance in the reproductive process of fish, the present study aims to analyze how the 

GnRH1 neurons are distributed in the S. parahybae brain during its initial development, 

studying animals up to 100 days post hatching. It is important to stand that for the mentioned 

above, the prior knowledge of brain regions and different brain nuclei involved in each 

process is essential for accurately affirm the location of different neurohormones in the brain, 

as detailed in the Atlas of catfish brain (Chapter I). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Animals 

The specimens used in this study were obtained from induced artificial reproduction 

(Caneppele, 2009) at the Hydrobiology and Aquaculture Station of the Energy Company of 

São Paulo (CESP). The animals were acclimated in rectangular tanks (72L, at a temperature 

of 29°C) from hatching to the 100 day post-hatching (dph), it were desensitized with 

benzocaine (ethyl p-aminobenzoate) (1g/10L H20) and placed in a fixing solution (acetic 

Bouin) for 24 hours. It should be emphasized here that the procedures followed in this study 

were according to the protocol 072/2008 of the Animal Ethics Committee from the Institute of 

Biosciences of the University of São Paulo. 

 

GnRH-Immunohistochemistry Analyses 
 

For immunohistochemistry analyses, three animals from forty-three and eighty-eight days 

after hatching (dah) were used. Obtained serial coronal sections (5μm-thick) were 

deparaffinized in xylene, rehydrated in increasing dilutions of ethanol (from 70% to 100%), 

and washed in PBS buffer (phosphate buffered saline, pH 7.4) for five minutes. Then the 

material was treated with hydrogen peroxide (10%) diluted in PBS for twenty minutes to 

block the activity of the endogenous peroxidase. After this step, the sections were again 

washed in PBS for five minutes, and performed a nonspecific blocking with non-fat powdered 

milk (5%) diluted in PBS for twenty minutes. Then the material was incubated overnight in a 

humid chamber (-4°C) with the primary antibody for catfishGAP (cfGAP) (GAP: GnRH-

Associated Peptide), diluted 1:500. After incubation, sections were washed in PBS for five 

minutes and incubated with biotinylated secondary antibody (DAKO kit®: System LSAB2 

HRP) for thirty minutes, then washed for five minutes with PBS and incubated for thirty 

minutes with streptavidin (Kit DAKO®:LSAB2 System, HRP). Finally, peroxidase activity was 

visualized with DAB Chromogenic solution (0.1% - 3,3-diaminobenzidine). Additionally, to 

confirm the specificity of the immunohistochemical reactions, to avoid false positives, a 

control was performed by omitting the primary antibody, and replacing it by PBS solution. 

After processing, the material was counter-stained with Mayer hematoxylin for three minutes 

and the slides were dehydrated, mounted and analyzed. 



 

 

A few cfGAP-immunoreactive neurons (ir) were found in the olfactory bulbs (OB) of S. 

parahybae between 43-88 dph, lying in the external cell layer (ECL) of the OB. Moreover, a 

number of immunoreactive cfGAP-fibers were found distributed through all layers of the OB 

(Figs. 2; 5A). cfGAP were also found in Tel-fibers, from the dorsal (D) to ventral (V) parts of 

telencephalon (Fig. 3). The cfGAP neurons were observed in dorsal regions of D (Figs. 3A 

(c)), these neurons-ir occurred in regions such as Dmc and Dp. In addition, some fibers-ir 

were found mainly in Dmc, but in Dc2 also (Fig. 3A (c). In these regions, there is a large 

number of fibers that are distributed throughout the telencephalon (Figs. 3; 5B, C). In the 

diencephalon, although less than in Tel, neurons-ir cfGAP were located in the preoptic area 

(Figs. 3a, b; 5C), anterior thalamic nucleus (A) (Figs. 3D; 5D), ventromedial thalamic 

nucleus (VM) (Figs. 3D; 5D) and throughout the hypothalamus, but presenting also a large 

amount of fibers-ir of cfGAP in the supracommissural organ (SCO) (Figs. 3D; 5D) and 

distributed along the inferior lobe of the hypothalamus (IL) (Figs. 4G, H; 5E). 

The mammillary body seems to be directly related to the pituitary gland in S. 

parahybae, once that showed strong staining of fiber-ir (Figs. 4A, B, E; 5F), which extends 

from the caudal part of the lateral tuberal nuclei (NLTc) (Figs. 4A; 5E), before starts the 

pituitary to its most posterior region. Since the most lateral NLT up along the pituitary stalk 

(Fig. 4 D), we can observe cfGAP numerous fibers-ir to cfGAP reaching the neurohypophysis 

(NH) (Fig. 4E), distributing for almost its entire length (Fig. 4F). In addition, beyond the 

fibers-ir we also observed neurons-ir cfGAP along the NLT and CM wall, which are different 

from other neurons-ir in this study, showing a fusiform-shape, with a stronger 

immunoreactive marking (Figs. 4A-E). 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Fig. 2 – Neurons and fibers cfGAP-immunoreactive (ir) in the olfactory bulbs (OB) of juvenile 

Steindachneridion parahybae, between 43 and 88 dah. A and B show a pair of OB with not marking 

(control by omission of the primary anti-body) and a pair of OB showing neurons and fibers-ir to cfGAP, 

respectively; C) localization of the neurons-ir to cfGAP in the ECL; D e E) represent the magnification of 

both, yellow and red arrows respectively in C, indicating the cfGAP neurons-ir (black arrows). The 

abbreviations are in the Abbreviation List, in Chapter I. Scale Bar: A e B = 100µm, C = 25µm, D e E = 

10µm. 



 

 

Fig. 3 – Neurons and fibers cfGAP-immunoreactive (ir) present in both, telencephalic and 

thalamic area of juvenile Steindachneridion parahybae, between 22 and 43 dah. a, b and c shows 

the magnification of the areas inside of the red squares present in A; B and C) neurons-ir and fiber-ir 

in the caudal part of the medial zone of the dorsal telencephalon; D) fibers-ir surround the areas of the 

thalamus. The black arrows indicate the presence of neurons of cfGAP-ir, while the white arrows 

indicate the fibers-ir. The abbreviations are in the Abbreviation List, in the Chapter I. Scale Bar: A = 

100µm, a and b = 10µm, c = 25µm, B = 10µm, C = 25µm e D = 100µm. 



 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 - Neurons and fibers 

cfGAP-immunoreactive (ir) 

present in the 

hypothalamic area of the 

juvenile of 

Steindachneridion 

parahybae, between 43 and 

88 dah. A) caudal part of the 

lateral tuberal zone, 

presenting neurons-ir to 

cfGAP as well as its fibers-ir; 

B and C) the mammillary 

body (CM) with not marking 

(control by omission of the 

primary anti-body) and the 

CM showing neurons and 

fibers-ir to cfGAP, 

respectively. D e E) neurons-

ir and fibers-ir to cfGAP in 

the central wall of the CM, 

reaching to pituitary through 

the pituitary stalk, showing a 

great amount of fibers-ir, 

also viewed F; G and H) 

presence of the fibers-ir in 

different regions of the 

inferior lobe of the 

hypothalamus. The black 

arrows indicate the neurons-

ir to cfGAP, while the white 

arrows indicate the fibers-ir. 

The abbreviations are in the 

Abbreviation List, in the 

Chapter I. Scale Bar: A-G = 

25µm, H = 10µm. 



 

 

Fig. 5 – Schemes of cross-section to brain of Steindachneridion parahybae, representing neurons 

and fibers cfGAP-immunoreactive (ir). Figures A, B, C, D, E and F correspond respectively to: Fig. 

2C, Fig. 3B, Fig. 3a-c, Fig. 3D, 4G and Fig. 4F. The black circles indicate the neurons-ir to cfGAP, 

while the irregular black lines indicate the fibers-ir. The abbreviations are in the Abbreviation List, in 

the Chapter I. Scale Bar = 550µm. 



 

 

Although, in this study, neurons and fiber containing cfGAP have been observed in 

olfactory bulbs, besides dorsal and ventral telencephalon, we consider the hypothalamic 

regions as the most abundant in fibers of cfGAP-ir. It is has been reported as one of the most 

important involved in the reproductive process, particularly regarding the innervation of 

pituitary and, in various species, it is reported as the main GnRH form in this region 

(Yamamoto et al., 1995; Fernald & White, 1999; Okubo & Nagahama, 2008;). In this 

context, supporting the literature, this study suggests that the hypothalamic region is heavily 

involved in the reproductive process since the initial development of catfish brain, being 

crucial to development of the GnRH-system (Zandbergen et al., 1995; Dubois et al., 2001; 

Dubois et al., 2002; Gonzalez-Martinez, 2004; Zohar et al., 2010; Honji, 2011; Gomes et 

al., 2013). Besides, distribution pattern of fiber-ir observed in this study is also reported as 

characteristic of GNRH1 neurons (Dubois et al., 2001; Sherwood & Adams, 2005; Kah et 

al., 2007; Okubo & Nagahama, 2008; Honji, 2011). 

In the present study the antibody used, cfGAP, unlike anti-cfGnRH, avoids unspecific 

markings among the different forms of GnRH in S. parahybae, since the similarity among 

them can cause this unspecificity. Besides that, it was observed that the cDNAs that encodes 

the GnRHs forms presenting associated peptides to each one GnRH, named GAP. Thus, 

GAPs are produced from the precursor molecules of GnRH, and are co-localized in neurons 

that express it. These PCGs provide greater specificity than the GnRH itself, because they are 

larger and specific polypeptides for each molecular form of GnRH, being a valuable tool in 

the identification and/or characterization of different GnRH molecular forms (Zohar et al, 

2010; Pandolfi et al. 2005; Dubois et al, 2002, 2001). 

The immunoreaction for neuron cfGAP-ir in the ventral region of Tel and Die, observed 

in S. parahybae juveniles, have also been reported in other teleosts (Zandbergen et al., 1995; 

Pandolfi et al. 2005; Zohar et al., 2010), as well as catfish (Dubois et al., 2001) including 

adult S. parahybae (Honji, 2011). However, we have observed some neuros cfGAP-ir in the 

limit between the Dmc and DC2, which were not described in adult S. parahybae (Honji, 

2011). On the other hands, similarly to observed in this study, the presence of GnRH in the 

posterior region of the medial and dorsal part of the dorsal telencephalon was reported for 

Astyanax altiparanae, nevertheless, described only as GnRH (Gomes et al., 2013).  

Additional studies are also necessary to elucidate the function of neurons-ir of cfGnRH 

in brain regions as Dmc and its fibers in the Dc of S. parahybae juveniles. In other catfish 



 

species the presence of the molecular form cfGnRH into two neuronal populations in the brain 

is known, being these populations found in the nerve terminal (TN) (Zandbergen et al., 

1995; Dubois et al., 2001) and ventral telencephalon and diencephalon (Vv, POA, IL and 

PIT) (Honji, 2011; Dubois et al. 2001; Zandbergen et al., 1995). In S. parahybae adult 

females, neurons-ir cfGAP have been identified along the ventral region of the telencephalon 

and in important areas of the diencephalon, especially in the hypothalamus, including fiber-ir 

of cfGAP in the pituitary (Honji, 2011). This author suggests that GNRH1 is responsible for 

the endocrine control of reproduction in S. parahybae, mainly in the release of GtHs in the 

pituitary, which can also be suggested in the present study by the presence of cfGAP fibers-ir 

that reach the pituitary gland. These findings show the importance of certain brain regions or 

steps in the reproductive process, even during the initial stages of the life cycle, suggesting the 

significance of studies in this area.  

We suggest that the GnRH system is set early in this species, considering that it was 

observed the presence of neurons-ir to cfGAP in animals between 23 and 43 dah. Clarias 

gariepinus (Siluriformes), as S. parahybae, has two different molecular forms of GnRH 

(cfGnRH and cGnRH-II). In this species the population of GnRH2 arose in the second week 

after hatching (wah), as well as neurons and fibers that appeared respectively at GnRH1 

ventral telencephalon and pituitary, also in the second week and subsequently in the preoptic 

area and ventral hypothalamus (between 4-6wah) (Dubois et al., 2001). Oncorhynchus nerka 

and O. keta, both Salmoniformes also have only two GnRH populations, GnRH2 and GnRH3, 

being the latter hypophysiotropic, and these forms were identified, respectively, at the 16 and 

19daf (Chiba et al., 1994; Parhar et al., 1995). In this sense, it is clear that the GnRH 

systems can arise at different moments during the embryological development according to 

the fish species. 

Thus, the data herein found allow to suggest that the nuclei identified here might be 

related to reproduction in S. parahybae, and the use of cfGAP is a valuable tool for accurate 

analysis of brain regions, also offering a support to cytoarchitectonic studies in fish, 

strengthening the understanding of reproductive physiology in S. parahybae. Beside the 

studies about GnRH in S. parahybae adult females, the location of the different GnRH forms 

during the ontogeny of this species is important for further studies on the development, roles 

and functions of GnRH in catfish physiology. 
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As was demonstrated in the Chapter I and Chapter II, several studies were carried out 

so far, trying to understand the numerous roles and integrative processes involving the 

different brain nuclei, besides to elucidate how these nuclei are involved in the general 

physiology and behavior of species. In this sense, the development of neuroendocrinology in 

fish has been strongly supported by studies of the functional anatomy, which has the main 

objective to identify various regions of the brain, potentially active in the neuroendocrine 

regulation of pituitary functions as well as the mapping of the neural systems participating in 

these processes. Summarizing, this study reveals that: 

 

 the gross morphology of S. parahybae brain is so similar at observed to the Order of 

Siluriformes fishes, which present a long olfactory tract that distance the olfactory 

bulb to telencephalic hemispheres, and a big cerebellum, that cover a great part of 

brain; 

 

 although the animals used here were juveniles, the cytoarchitecture is very similar to 

observed in adults from the same species and adult of another catfish species; 

 

 it was possible to performing a complete Atlas of brain of catfish and even to test the 

results of this Atlas in a neuroendocrine experiment in this species, being able to 

mapping precisely the brain area studied; 

 

 besides to serve for the future studies in S. parahybae, mainly about its reproductive 

physiology and conservation, this Atlas serves as a valuable tool for different fields, as 

neuroendocrinology, neurophysiology and comparative neuroanatomy. 
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hemos mirado menos que 400 portas, y además, una seguida de la otra, como mínimo 50 

veces... ¡¡¡Dios, qué pasada, qué pesado, pero que guay!!! (jajaja). Eres, sin duda, un 

profesor que tiene la preocupación de que el estudiante entienda de verdad lo que le estás 

enseñando. Dios, hasta ahora no sé explicar cómo alguien con tantas cosas que hacer puede 

haberse quedado tanto tiempo ayudándome en el microscopio… muchas veces hasta las 21h. 

Gracias por ser mi colaborador de la tesis y por su corrección, pues yo sé que es algo 

demasiado denso, y a veces pesado.  ¡Claro!, no puedo olvidarme de agradecerte lo por las 

conversaciones en la cafetería. Por los consejos y por todo que me has ayudado en España. 

Por supuesto no lo considero sólo por profesor, sino también amigo. Siempre estaremos en 

contacto, hablando de algo. ¡Gracias por todo! 

Quiero sin duda, dejar mis agradecimientos a las personas maravillosas del 

laboratorio de Chiqui: José Antonio (Tote, o Doctor House) – un verdadero investigador, 

muy inteligente, e muy amigo, pero deje de decir las palabrotas… jejeje; Patrícia Herrera (la 

Súper Madre) – eres una persona con mucho Brillo, que indudablemente has traído aún más 

brillo al mundo, ese brillo se llama Álvaro, la estrellita de Sanlúcar, mi sobrino guapísimo; 



 

Águeda Jimena (la enemiga del reloj) – independientemente del horario, a veces atrasada, 

siempre está lista para ayudar en todo que puede. Eres fantástica, muy amiga (aunque dices 

muchas veces la palabra “joder”… jajaja). Para ella, todos los días son de alegría, y las 

personas que están a su alrededor tienen la suerte de alegrarse también; Mairi - fue un 

verdadero placer conocerla, hemos hablado siempre de todo lo que se pueda pensar. Unas 

veces hablábamos en inglés, otras en español, pero la verdad es que siempre estábamos 

hablando. Hay una cosa en Mairi que algunas personas en el mundo actual no tienen, o, si lo 

tienen, esconden dentro de sí mismos: la sonrisa. De verdad, siempre, siempre y siempre, ella 

tenía una sonrisa para compartir con todos; Alba, mi hermana (hermanita)! ¡Una gran 

amiga y compi de piso! Fueron seis meses en su casa, donde aprendí muchas cosas en 

español que sin duda, me ayudaron en mi estancia allí. Además del español, aprendí muchas 

cosas con ella, pero la más terrible de todas fue el camino al Carrefour. Dios, nunca en mi 

vida olvidaré eso. ¡Allí es una pasada! ¡Alba eres fantástica, muchísimas gracias por su 

paciencia!!! 

Dejo ahora un “molto forte abbraccio” a las chicas italianas más especiales: 

Contanza, Illaria, Sarah. Si alguna vez tengo que describir a la gente de Italia, y estas son 

mi referencia, he de decir que l@s italian@s son fantástic@s. Muchas gracias por haber 

conocido a cada una de mis sorellas! 

Finalmente yo agradezco a las dos personas más especiales que conocí en España: 

Juan Juiz, siempre juntos nosotros bajábamos a la cafetería a desayunar (yo echo de menos 

a las napolitanas de jamón y queso), almorzar o a tomar un cafelito por la tarde. JU-ONE, es 

mi verdadero amigo en España, hasta hoy! ¡Quizás él pueda leer lo que escribo aquí! Y 

Maria, no tengo palabras para escribirte cuanto eres especial. En tu coche hemos conocido 

todo Cádiz, siempre yo, ella e Ju-One. ¡Salimos muchas veces a tomar fotos, y siempre riendo 

mucho! Pero, también agradezco a Maria por las grandes ayudas en el laboratorio, al 

criostato e todo lo demás. ¡Muchas gracias mi Súper Hermana! 

 

 

Obrigado! 

¡Gracias! 

Thanks!, 



 

 

 

 

 

 


