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Ariidae (Siluriformes), widely distributed in world tropical shelves, includes 150-

200 species, one third endemic to the New World. Males practice mouthbrooding of eggs 

and embryos. To study the phylogeny of neotropical ariids, a morphological matrix [26 

species (three outgroup, 23 ingroup), 56 characters] was used. The strict consensus tree of 

12 parsimonious trees is 85 steps long. Ariidae includes two subfamilies. Galeichthyinae 

includes one species endemic to the eastern Pacific, Galeichthys peruvianus. Ariinae has 

three New World lineages. Notarius includes seven species in the western Atlantic, 

Colombia to southern Brasil, and seven in the eastern Pacific, Baja California to Peru. 

Cathorops has two lineages, a monotypic for C. dasycephalus, from eastern Pacific, and 

other for the rest. There are six species of Cathorops in western Atlantic and seven in 

eastern Pacific. The tribe Ariopsini, 24 species, is defined by two states from the otolith. 

The tribe is divided in two unities. The first includes Bagre, four species, and 

Occidentarius platypogon, endemic to the eastern Pacific. Western Atlantic Bagre are 

known from Massachussetts to Brasil; the eastern Pacific species go from California to 

Peru. The other ariopsin unity includes Ariopsis, five species, and Sciades, six species. 

Ariopsis ranges in western Atlantic from Massachussetts to Venezuela and in eastern 

Pacific from Mexico to Peru. Sciades includes five western Atlantic species, Colombia 

to Brasil, and one eastern Pacific species, Mexico to Peru. The freshwater genus 

Potamarius, four species, three from western Atlantic rivers and one from Ecuadorian 

rivers, is the sister taxa to Ariopsis. Genidens, four western Atlantic species, Brasil to 

Tierra del Fuego, is related to ariopsins. The hypothesis for Bagre produced with the 
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morphological matrix coincides with the topology from morphometric techniques; three 

phylogenetic hypotheses found with molecular techniques were different. Bagre 

pinnimaculatus is the sister species to B. bagre, both are the most derived species; B. 

marinus is the most generalized species. Other transisthmian speciation events were 

found within the genera Notarius, Cathorops, and Ariopsis. In the New World three 

lineages have independently returned to freshwaters. Some New World ariid lineages 

show tendency to occur mainly in marine waters. 
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INTRODUCTION 

Otophysian fishes include four orders and at least 55 families of teleosts widely 

distributed and diversified in world freshwaters (Nelson, 1994; Fink and Fink, 1996). 

Only two families of the catfish order Siluriformes are well represented in marine waters 

(Baras and Laleye, 2003): Plotosidae, the eeltail or tandan catfishes, restricted to the 

Indian and western Pacific oceans, and Ariidae, the sea catfishes. Ariids are widespread 

in the tropical and subtropical continental shelves of the Atlantic, Indian and Pacific 

oceans; they inhabit mainly brackish estuaries and lagoons, coastal rivers, and totally 

marine environments. 

Regan (1911), in his pioneering systematic study of catfishes, stated the family 

Ariidae to be primitive. Mo (1991) and de Pinna (1993) considered the sea catfishes 

monophyletic based on nine osteological characteristics, mainly from the neurocranium 

and the branchiocranium. Marceniuk (2003), who stated that several Old and New World 

clades lack the synapomorphies presented by Mo (1991) and de Pinna (1993), 

encountered a previously unreported synapomorphy for the ariids from the branchial 

skeleton. Also, de Oliveira et al. (2002) reported on two myological peculiarities of the 

sea catfishes that may be synapomorphies of the ariids. Nevertheless, all the sea catfishes 

studied so far also share a highly derived character, male mouthbrooding of eggs and 

embryos. 

The relationships of the ariids to the other catfish families is also under debate 

(see Diogo, 2003, for a review of different siluriform hypotheses of relationships). 
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According to Lundberg (1993), Ariidae is the most basal lineage of the Arioid clade, 

which includes also the coastal marine Eocene fossil material from Camden (Arkansas) 

called "titanoglanis", the African squakers or upside-down catfishes, Mochokidae (180 

species), and the neotropical thorny or talking catfishes, Doradidae (90 species), and the 

driftwood catfishes, Auchenipteridae (72 species). Such relationship, based on six 

synapomorphies, was not supported by de Pinna (1993), who considered Ariidae to be the 

sister group of the African widehead catfishes, Claroteidae (65 species), and that clade 

the sister group to the glass catfishes, Schilbidae (50 species), plus the shark catfishes, 

Pangasiidae (26 species), both from the Old World. However, in a later work de Pinna 

(1998) adopted a pragmatic view, accepting a Doradoid clade, including Mochokidae, 

Doradidae, and Auchenipteridae, plus the African electric catfishes, Malapteruridae (20 

species), the Asian Pangasiidae, and the African and Asian Schilbeidae. Such a clade is 

defined by the presence of an elastic spring mechanism associated with the Weberian 

complex; however, the condition may not be homologous in all those families. 

Hardman (2002), based on mitochondrial and nuclear evidence, proposed that the 

ariids are closely related to the North American endemic bullhead catfishes, Ictaluridae 

(44 species), and to, in a lesser degree, the Doradoids sensu de Pinna (1998). Diogo et al. 

(2002) discussed four derived states from the cephalic region muscles shared by ariids, 

claroteids, and the armorheads or Chinese catfishes, Cranoglanididae (three species). 

Marceniuk (2003) backed the de Pinna (1993) hypothesis of a close relationship between 

the ariids and the claroteids and between those families and the schilbids and the 

pangasiids. Marceniuk (2003) based this hypothesis on four bony characters from the 
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branchiocranium; however, he considered the armorhead catfishes more closely related to 

the bullhead catfishes than to the ariids or claroteids. Diogo (2004) did a fairly complete 

analysis of the phylogeny of the siluriforms based on morphological information. He 

concluded that the ariids are the sister group to the widehead catfishes, and that this clade 

and the African Austroglanididae (three species) are the sister clade of the armorheads 

and the bullhead catfishes together. Finally, following Diogo (2004), those five families 

and the glass and shark catfishes form a monophyletic group within the siluriforms. 

In the last decades several authors have attempted to solve the intrafamiliar 

relationships of the ariids on a regional or global basis (Kailola, 1991, 2004; Betancur-R., 

2003; Marceniuk, 2003). However, a clear and consistent view of the subfamilies and the 

genera of ariids is still lacking. The number of valid world species is also uncertain and 

recent estimates range from 120 to 200 (Acero, 2003; Marceniuk, 2003; Teugels, 2003). 

The systematics and taxonomy of many New World ariids is still unresolved, and most 

genera and species are in urgent need of definition; the number of valid American species 

is probably not very far from the 54 listed in chapter 3 of this dissertation. 

The objectives of this work are present a systematic scheme for the New World ariids, 

comparing it to those recently proposed by Betancur-R. (2003) and Marceniuk (2003), 

define all the valid tropical New World supraspecific and specific taxa of ariids, discuss 

the biogeography and the adaptations of ariids to the different environments where they 

occur, study the morphometric systematics of the neotropical genus Bagre, in order to 

establish an evolutionary paradigm for neotropical ariids, and to discuss the importance 

of mouthbrooding as a derived, synapomorphic state of the sea catfishes. 
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CHAPTER 1. PHYLOGENETIC INFERENCE 

In the last decades several studies of the anatomy, mainly the skeleton, of the 

catfishes have been undertaken (Arratia, 1987; Schaefer, 1990; de Pinna, 1992; Friel, 

1994; Bombusch, 1995; de Pinna and Vari, 1995; Bockmann, 1998; Reis, 1998; Shibatta, 

1998; Ferraris and Vari, 1999; Fisch-Muller, 1999). Some studies have dealt with the sea 

catfishes, mainly from the neotropics (Higuchi, 1982; Marceniuk, 1997, 2003), from Asia 

(Tolentino and Clemente, 1953; Tilak, 1965; Rao and Lakshmi, 1984), and from 

Australia/New Guinea (Kailola, 1990, 2004). Most of those v^orks had the final goal of 

gathering information to propose adequate phylogenetic hypotheses of the family; 

however, the systematic status of most supraspecific clades of ariids is still unresolved. 

This chapter analyzes the osteology and some external features of the New World sea 

catfishes, comparing them to members of other catfish clades, as well as to some Old 

World ariids. The resulting phylogenetic hypothesis is compared to those recently 

proposed by other researchers. It is used, as well, to organize the systematic of the New 

World sea catfish taxa and to discuss their biogeography and evolution. 

METHODS 

A large part of material used in this study was obtained as loans or in donations 

from different museums and institutes. The main collaborating institutions were Museo 

de Historia Natural Marina, Instituto de Investigaciones Marinas y Costeras, Santa Marta, 

Colombia (INVEMAR-PEC); Museo de Historia Natural, Instituto de Ciencias Naturales, 

Universidad Nacional de Colombia, Bogota, Colombia (MHN-ICN); Archaeology 
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Laboratory, Smithsonian Tropical Research Institute (STRI), Panama; Fish Collection, 

University of Arizona, Tucson; National Museum of Natural History (NMNH), 

Washington, DC; Illinois Natural History Survey (INHS), Urbana-Champaign; Academy 

of Natural Sciences of Philadelphia (ANSP), Philadelphia; California Academy of 

Sciences (CAS), San Francisco; Museum d'Histoire Naturelle (MHNG), Ville de 

Geneve, Switzerland; British Museum of Natural History (BMNH), London, England; 

Museum National d'Histoire Naturelle (MNHN), Paris, France; Museum of Comparative 

Zoology (MCZ), Harvard University, Cambridge, Massachussetts; Tulane University, 

Museum of Natural History (TU), New Orleans, Louisiana; Scripps Institution of 

Oceanography, University of California (SIO), San Diego, California; Royal Belgian 

Institute of Natural Sciences, Brussels, Belgium; Universidade de Sao Paulo (USP), Sao 

Paulo, Brasil; Fundacion La Salle de Ciencias Naturales, Caracas, Venezuela. Additional 

material was obtained in Colombian, Panamian, and Venezuelan markets, and on board 

of shrimp trawlers on the Pacific coast of Panama. Table 1 presents the examined 

material, the museum where they are deposited, and the collecting locations. Country 

codes follow the standards of ISO-3166 (http://www.iso.ch/iso/en/ISOOnline.frontpage). 

Three species of three different families of the order Siluriformes were used as the 

outgroup: Heptapteridae (Rhamdia sp.), Auchenipteridae (Trachelyopterus insignis) and 

Doradidae (Doraops zuloagai). The last two families are included in the group of the 

neotropical doradoids, which are related to the sea catfishes according to some 

morphological and molecular studies (Lundberg, 1993; de Pirma, 1998; Hardman, 2002); 

heptaterids are the most distant outgroup. One or two specimens of each species were 

http://www.iso.ch/iso/en/ISOOnline.frontpage
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Studied, depending on availability. A total of 56 parsimony informative characters and 26 

species (23 from the ingroup and three from the outgroup) were included in the matrix 

(Table 2). The characters used were taken from bony components of the neurocranium, 

the branchiocranium, the Weberian complex, and the appendicular skeleton, as well as 

some external ones. 

Specimens were skeletonized following the technique described by Caillet et al. 

(1986). Bone terminology follows mainly Higuchi (1982), Rao and Lakshmi (1984), Mo 

(1991), Rojo (1991), and Arratia (2003a, 2003b). Lapillus otolith structures were 

identified following a combination of the terminologies and orientations proposed by 

Nolf (1976) and Higuchi (1982). Some characters are based on those previously proposed 

by Higuchi (1982), Kailola (1991, 2004), and Marceniuk (1997). Images were taken 

using a scanner or a digital camera. Some counts and measurements were generally taken 

on all specimens examined; they were: gill rakers on the first arch (GRl), gill rakers on 

the anterior part of the first arch (GRl A), gill rakers on the posterior part of the first arch 

(GRIP), gill rakers on the second arch (GR2), gill rakers on the anterior part of the 

second arch (GR2A), gill rakers on the posterior part of the second arch (GR2P), pectoral 

fm rays (Pc), anal fm rays (AF), total length (TL), standard length (SL), and head length 

(HL). 

This research is based on the principles of phylogenetic systematics, initially 

conceived by Hermig (1950, 1966) and developed later by Nelson and Platnick (1981), 

Wiley (1981), Wiley et al. (1991), and Kitching et al. (1998). Phylogenetic anaysis of the 

data matriz was developed using PAUP 4* (Swofford, 2001), following parsimony 
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criteria and the branch-and-bound algorithm. No character was weighted a priori and 

multistate characters were treated as unordered. The symbol ? is used in the matrix to 

code absent data or uncertain states. Autapomorphies for terminal taxa were not included 

in the phylogenetic analysis since they do not provide information and may generate 

variations when the consistency index is calculated (Yeates, 1992). Trees were rooted 

with the outgroup (Maddison et al., 1984). The strict consensus tree was computed in 

order to collapse the variations found in the different equally parsimonious topologies. 

Consistency (CI) and retention indexes (RI) were calculated to determine the amount of 

homoplasy in the data matrix (Archie, 1996). Bootstrap technique (Felsenstein, 1985; 

Hillis and Bull, 1993; Efron et al., 1996), with 10,000 pseudoreplicates, was used in order 

to measure the support for each one of the branches of the tree (Hillis and Bull, 1993). 

MacClade 4 (Maddison and Maddison, 2003) was used to make inferences about 

character evolution. 

RESULTS AND DISCUSSION 

The main bones of the neurocranium of a sea catfish are illustrated in Figures 1 

and 2, using the species Cathorops mapale as the example. 

CHARACTERS 

Lateral ethmoids. The lateral ethmoids are two endochondral or perichondral bones of 

the ethmoid region of the skull that have lateral wings going posterolaterally to the 

mesethmoid and ventrolaterally to the frontals (Rojo, 1991). In diplomystids they are 

overlapped by the frontals, with only a small part of the bones being observed dorsally 
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and laterally (Arratia, 2003a). The lateral ethmoids are also posteroventrally sutured with 

the orbitosphenoid and parasphenoid. The lateral ethmoids wings in diplomystids are 

projected in a relatively long and narrow process (Arratia, 2003a). In ariids the 

connection between the lateral ethmoids, which are well exposed and developed, and the 

frontals is made by two equal facets; this is considered derived for the siluriforms (Tilak, 

1965; Higuchi, 1982; Rao and Lakshmi, 1984). 

(1) Lateral ethmoids constitution (Figs. 3 and 4): 0 = Robust. 1 = Thin. 

(2) Anterior laminar expansion of the lateral ethmoids (Figs. 3 and 5): 0 = Absent or 

rudimentary. 1 = Developed. 

Mesethmoid. The mesethmoid, also part of the ethmoid region, is a bone of dermal and 

endochondral origin (Arratia, 2003a). However, Rojo (1991) rejected the use of this name 

for the bone he calls ethmoid, because it is not homologous to the mammalian 

mesethmoid. It is a flat, slightly broad bone in diplomystids (Arratia, 2003a), sutured 

dorsoposteriorly with the frontals and lateral ethmoids, ventrally with the vomer, and 

ventroposteriorly with the orbitosphenoid; the premaxillae are attached to the ventral 

surface of the mesethmoid. The ingroup species, except Galeichthys ater, differ from the 

outgroup species in the presence of a putatively derived state, a slightly rised crest of the 

mesethmoid. The fenestrae between the mesethmoid and the lateral etmoids or 

frontoethmoidal fossa (Rao and Lakshmi, 1984) is variously developed or absent in 

ariids. Authors do not agree on the systematic value of the different features of the 

mesethmoid in the ariids (Tilak, 1965; Higuchi, 1982; Marceniuk, 2003). 
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(3) Fenestrae between the mesethmoid and the lateral ethmoids (Fig. 3 and 4): 0 = 

Absent. 1 = Reduced. 2 = Developed. 

(4) Anterior elevation of the mesethmoid (Figs. 5 and 6): 0 = Absent. 1 = Present. 

Frontals. The frontals are two bones of dermal origin forming the cranial roof and the 

orbital region. Each frontal coimects lateroposteriorly with the parieto-supraoccipital, the 

sphenotic, and the pterotic, lateroanteriorly with the lateral ethmoid, anteriorly with the 

mesethmoid, and ventrally with the orbitosphenoid and the pterosphenoid. In ariids and 

doradids the lateral borders of the frontals are free, forming the upper margin of the orbits 

(Higuchi, 1982). In ariids, the frontals coimect with the posterior branches of the 

mesethmoid and with the external posterior branches of the lateral ethmoids through 

perfectly interdigitated processes. The extension and thickness of the anterior processes 

of the frontals is highly variable in ariids (Marceniuk, 2003). Shape and size of the 

frontals are highly variable, but they are broader anteriorly that posteriorly in 

diplomystids (Arratia, 2003a). In diplomystids the frontals are separated anteriorly by the 

anterior fontanel and posteriorly by the posterior one; the posterior fontanel extends 

posteriorly to the parieto-supraoccipital (Arratia, 2003a). The frontals are longer than the 

parieto-supraoccipital in diplomystids, but in ariids they are frequently broad, triangular, 

and short compared to the parieto-supraoccipital (Arratia, 2003a). In ariids, the posterior 

cranial fontanel is delimited laterally by the mesial borders of the frontals; such fontanel 

may be delimited posteriorly only by the frontals or by the frontals and the parieto-

supraoccipital (Tilak, 1965; Higuchi, 1982; Rao and Lakshmi, 1984). 
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(5) Laminar anterior expansion of the frontals covering the lateral fenestrae (Figs. 7 and 

8): 0 = Absent. 1 = Present. 

(6) Posterior cranial fontanel posteriorly limited (Figs. 7 and 9): 0 = Only by the frontals. 

1 = Frontals with parieto-supraoccipital participation 

Parieto-supraoccipital. This, the largest element of the roof of the cranium and part of 

the otic region, is a bone of mixed origin (Rojo, 1991). It has been called in different 

ways, such as supraoccipital or postparieto-supraoccipital (Higuchi, 1982; Rao and 

Lakshmi, 1984; Mo, 1991; Rojo, 1991; Arratia, 2003a). It is moderately large in 

diplomystids, extending posteriorly in a small and low elevated supraoccipital crest. In 

ariids, the parieto-supraoccipital may be a lot longer or just a little longer than the frontals 

(Arratia, 2003a), or even somewhat shorter than the frontals (Tilak, 1965; Rao and 

Lakshmi, 2004). The bone sutures dorsally with the epiotics, the extrascapulae, the 

pterotics, and the sphenotics, anteriorly with the frontals, and posteroventrally with the 

exoccipitals. In diplomystids, the parieto-supraoccipital is medially divided in two 

anterior arms by the posterior fontanel, which extends posteriorly to the supraoccipital 

crest (Arratia, 2003a). In ariids the posterior fontanel reaches the parieto-supraoccipital 

in some clades (Tilak, 1965). 

(47) Supraoccipital process (Fig. 10): 0 = Flat. 1 = Grooved. 

(48) Posterior portion of the supraoccipital process (Figs. 7 and 8): 0 = Dermically and 

endochondrally formed, predorsal plate not overlapped. 1 = Only endochondrally formed 

and overlapping the predorsal plate. 
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Pterotics. The pterotics are two relatively small bones of both dermal and endochondral 

origin, forming the lateroposterior comers of the skull roof and associated to the otic 

region (Rojo, 1991). They articulate lateroposteriorly with the posttemporo-

supracleithrum; they suture posteriorly with the extrascapula, medially with the parieto-

supraoccipital, and anteriorly with the sphenotic; they join synchondrally the exoccipital 

and the prootic (Arratia, 2003a). In diplomystids the sutures between the pterotics and the 

sphenotics are longer than the sutures between the pterotics and the parieto-

supraoccipital. Catfishes with an elongated braincase, such as diplomystids, share 

relatively short pterotics contrasted to elongated, narrow sphenotics (Arratia, 2003a). In 

the examined ariids and in the outgroup, in general, the sphenotics are not elongated, and 

tend to be smaller than the pterotics. 

(7) Pterotic (Figs. 4 and 8): 0 = Mesial border limiting with the parieto-supraoccipital 

shorter than than the anterior border limiting with the sphenotics. 1 = Mesial border 

limiting with the parieto-supraoccipital longer than the anterior border limiting with the 

sphenotics. 

Sphenotics. The sphenotics are narrow and elongated bones of a mixed origin; they form 

with the pterotics the lateroposterior region of the skull and are also associated with the 

otic or auditory region. In diplomystids and in other siluriforms the pterotics are short and 

the sphenotics are relatively long and narrow, being sometimes twice as long as the 

pterotics (Arratia, 2003a). However in other catfishes, such as ariids, the relationship is 

reversed and the sphenotics may be smaller than the pterotics. The sphenotics are also 

articulated anteromesially with the frontals, posteromesially with the parieto-
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supraoccipital, and ventrally with the pterosphenoids and the prootics (Higuchi, 1982). In 

ariids the hyomandibula articulates in a fossa formed mainly by the sphenotic with some 

participation of the pterotic; this condition is apparently a derived state of the family 

(Merriman, 1940; Tilak, 1965; Higuchi, 1982; Rao and Lakshmi, 1984). Diplomystids, 

with four bones framing the fossa, exhibit the plesiomorphic state; the number of bones 

involved in the formation of the fossa may be three, two, or one (only the sphenotic), 

depending on the catfish family (Arratia, 2003a). 

(53) Lateral portion of the sphenotic (Figs. 5 and 9): 0 = Developed. 1 = Reduced. 

Prootics. In diplomystids the prootics, a pair of perichondral bones of the otic region of 

the skull, are slightly inflated ventrolaterally and suture ventrally with the parasphenoid 

and join synchondrally with the exoccipitals posteriorly, with the pterotics and sphenotics 

dorsally, and with the pterosphenoid anteriorly (Arratia, 2003a). 

(52) Prootic (Figs. 7 and 11): 0 = Slightly elongated, its maximum length is 1.6 or less 

than its maximum width. 1 = Elongated, the ratio is 2.0 or more. 

Extrascapulae. These, the first of the upper elements of the pectoral girdles incorporated 

to the neurocranium, are two plate-like dermal bones at the posterior part of the cranial 

roof They have received different names in the catfish scientific literature; i. e. in ariids 

they have been called supratemporal (Tilak, 1965) or scale bone (Tolentino and 

Clemente, 1953). In diplomystids the extrascapulae suture laterally with the pterotics, 

lateroposteriorly with the posttemporo-supracleithra, posteromedially with the epiotics, 

and medially with the parieto-supraoccipital (Arratia, 2003a). They are extremelly 

variable in shape in catfishes, including the studied ariids and the outgroup. In ariids the 
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medial sutures of the extrascapulae with the parieto-supracleithra are usually relatively 

short, shorter than the maximum width of the extrascapulae, and irregular (Rao and 

Lakshmi, 1984). 

(8) Mesial suture between the extrascapula and the parieto-supraoccipital (Figs. 3 and 4): 

0 = Forming an angle with respect to the longitudinal axis of the body. 1 = Parallel to 

the longitudinal axis. 

(46) Extrascapula (Figs. 11 and 12): 0 = Elongated. 1 = Subrounded. 

Supratemporal fossas. The supratemporal fossa (Rao and Lakshmi, 1984) or 

posttemporal fossa (Mo, 1991) or fosseta temporal (Higuchi, 1982) or just the "foramen 

between posttemporal, pterotic and epiotic" (Tilak, 1965) is absent or reduced in most 

catfish groups. However, most ariid species examined have variously developed 

supratemporal fossas bordered by the posttemporo-supracleithra, the pterotics, and the 

extrascapulae. 

(9) Supratemporal fossa (Figs. 3 and 4): 0 = Absent or reduced. 1 = Well developed. 

(10) Supratemporal fossa bordered by the extrascapula (Figs. 4 and 11): 0 = In less than a 

50%. 1=50 % or more. 

Cephalic shield ornamentation. The bones forming the cephalic shield of catfishes lack 

any ornamentation in diplomystids and a few other catfishes; however, most ariid clades 

show some amount of ornamentation, expressed as rugosities, granules, tubercles, 

grooves, and even denticles (Rao and Lakshmi, 1984; Arratia, 2003a; Marceniuk, 2003). 

Some taxa show extremely well developed granules or tubercles and that state was 

considered derived. 
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(50) Granulations on the cranial surface (Figs. 4 and 13): 0 = Few or none. 1 = Well 

developed. 

Ear capsules. The ear capsules (bulla acoustico utricularis) in catfishes, located laterally 

in the posterior basicranium and formed only by the prootics, are only slightly inflated in 

diplomystids and most other catfish groups (Mo, 1991; de Pirma, 1993; Arratia, 2003a). 

However, the ear capsules are enlarged in some catfish clades, including ariids, eel tail 

catfishes, and the bagrid genus Horabagrus, to accommodate the enlarged utriculus (see 

also character 38). In ariids the capsules are strongly inflated and made by parts of the 

prootics, pterotics, epioccipitals, and exoccipitals bones (Higuchi, 1982). In plotosids the 

ear capsules are also swollen, but this condition is homoplastic since these groups are not 

closely related and the condition differs in that it only includes the prootics and the 

pterotics (de Oliveira et al., 2001). 

(11) Ear capsules (Figs. 5 and 6): 0 = Flat. 1 = Swollen. 

(12) Angular process of the ear capsule (on the pterotic) (Figs. 5 and 11): 0 = Absent. 1 = 

Present. 

Parasphenoid. This is a broad bone of endochondral and dermal origin forming the 

basicranial region; it is covered anteriorly by the posterior portion of the vomer, 

extending posteriorly below the parieto-supraoccipital in catfishes, and fused laterally 

with the orbitosphenoid and the pterosphenoids (Higuchi, 1982; Arratia, 2003a). In 

diplomystids the parasphenoid lacks the lateral wings; however, some catfishes show 

well-developed lateral wings in the parasphenoid (Arratia, 2003a). These wings articulate 

with the orbitosphenoid and the pterosphenoids in sea catfishes (Rao and Lakshmi, 1984). 
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(13) Wing-like expansions of the parasphenoid (Figs. 12 and 13): 0 == Absent. 1 = 

Present. 

Epioccipital. These paired bones of both endochondral and dermal origin and included in 

the otic region have been frequently called epiotics in the siluriform literature (Higuchi, 

1982; Rao and Lakshmi, 1984; Marceniuk, 1997; Arratia, 2003a). However, since it has 

been shown that they are ossifications of the occipital arch that have invaded the otic 

region, the name epioccipital is more correct (Patterson, 1975; Rojo, 1991). The primitive 

condition present in most catfishes is with the dorsal portion of epioccipitals completely 

covered by the extrascapulae and the lateral portion of the parieto-supraoccipital. 

However, in some ariids the dorsal face of the epioccipitals forms part of the cephalic 

shield, contacting the parieto-supraoccipital and the extrascapula and forming the 

postero-lateral side of the cranium (Arratia, 2003a). Generally in catfishes the posterior 

margin of the epioccipital is convex and lacks any process or projection. Nevertheless, in 

most ariids the posterior process of the epioccipital connects the skull to the 

sustentaculum of the Weberian apparatus. 

(14) Articulation of the epioccipital posterior process with the diagonal crest of the 

sustentaculum of the Weberian apparatus (Fig. 10): 0 = Absent. 1 = Present. 

(15) Epioccipital posterior projection (Figs. 14 and 15): 0 = Relatively wide, with a low 

mesial border. 1 = Relatively wide, with the mesial border elevated forming a crest. 2 = 

Narrow, with the mesial border elevated forming a crest. 

Posttemporo-supracleithra. These paired dermal bones, that attach the pectoral girdles 

to the cranium in most catfishes, are suturated to the neurocranium in ariids and doradids 
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(Higuchi, 1982; Diogo et al., 2004). This situation includes them in the otic (Higuchi, 

1982) or occipital (Rao and Lakshmi, 1984) regions of the skull in ariids and doradids; 

nevertheless, they are not fused to the skull in other catfish groups (Arratia, 2003b). Tilak 

(1965) considered the shift of this bone from the pectoral series to the skull to be 

advanced. They are complexely shaped in diplomystids, each one bearing a short dorsal 

limb that articulates with the pterotic, extrascapula, and epioccipital; ventromedially they 

produce the ossified Baudelot ligament, extending medially and bounded by ligaments to 

the cranium and to the parapophysis of the complex vertebrae of the Weberian apparatus 

(Fink and Fink, 1981; Arratia, 2003b). In ariids the posttemporo-supracleithrum has 

three branches: an elongated lower branch sutured with the basioccipital, a cuneiform 

distal expansion of the lower branch, usually called the internal branch, and an external 

branch that limits lateroposteriorly the cephalic shield (Higuchi, 1982). 

(16) Posttemporo-supracleithrum lower branch (Fig. 16): 0 = Columnar. 1 = 

Dorsoventrally depressed. 

(17) Posttemporo-supracleithrum internal (mesial) branch compared to the external 

(lateral) branch (Fig. 16): 0 = Shorter. 1 = Equal or longer. 

Basioccipital. This is a short and usually independent endochondral bone forming the 

posterior part of the floor of the skull that, apparently during early ontogeny, lacks the 

addition of the first vertebral center (Rojo, 1991; Arratia, 2003a). Shaped like a short and 

wide knife pointing anteriorly, the basioccipital sutures anteriorly with the parasphenoid, 

which goes posteriorly to partially cover it. The basioccipital joins anterolaterally with 

the prootic £ind laterally with the exoccipital (Arratia, 2003a). In ariids and doradids, the 
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medial limb of the posttemporo-supracleithmm (the ossified Baudelot's ligament) is 

strongly sutured with the basioccipital. The union between the basioccipital and the first 

vertebra is expressed externally by a toothed suture and by the subvertebral process, a 

ventral vertical cone-shaped projection (Higuchi, 1982; Marceniuk, 2003). This process 

was defined by Tilak (1965), followed by Higuchi (1982), Rao and Lakshmi (1984) and 

Kailola (1991, 2004), as a conic and ventrally projected laminar ossification; the process 

houses in its proximal extreme the opening of the foramen for the dorsal aorta. 

(18) Basioccipital lateral expansions formed as (Figs. 16 and 17): 0 = Columns. 1 = Short 

stakes. 2 = Elongated stakes. 

(19) Basioccipital subvertebral process (Figs. 16 and 17); 0 Rudimentary. 1 = Cone 

shaped. 

(20) Basioccipital subvertebral process (Figs. 16 and 17): 0 = Low. 1 = High. 

(21) Anterior crest of the subvertebral process (Figs. 16 and 17): 0 = Absent. 1 = Present. 

Orbitosphenoid. The orbitosphenoid is a large and squarish perichondral bone of the 

orbital region that forms the lateral wall of the skull (Rojo, 1991). The orbitosphenoid 

joins dorsally the frontals, anteriorly the lateral ethmoids, ventrally the vomer, and 

posteriorly the parasphenoid (Arratia, 2003a). The anterior region of the orbitosphenoid 

is laterally expanded forming a bony block that is partially covered by the lateral ethmoid 

branches and by the frontals (Higuchi, 1982). 

(51) Antero-dorsal bony block of the orbitosphenoid (Figs. 6, 8 and 12): 0 = Absent. 1 = 

Present and moderate in size: prolongation of the posterior branch of the lateral ethmoids 
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surpassing the orbitosphenoid bony block posteriorly. 2 = Present and developed: 

posterior branch of the lateral ethmoids surpassing its distal extreme. 

Vomer. This is a dermal bone that has been variously called vomer or prevomer, 

depending on the authors and based on its presumed homology to the mammalian vomer 

(Higuchi, 1982; Rojo, 1991; Arratia, 2003a; Marceniuk, 2003). It forms the floor of the 

skull and is included in the ethmoid region. The vomer, characteristically T-shaped, joins 

anteriorly with the mesethmoid, dorsally with the lateral ethmoids and the 

orbitosphenoid, and posterolaterally with the parasphenoid (Arratia, 2003a). Usually two, 

sometimes one or none, autogenous tooth plates lie on the ventral surface of the vomer in 

diplomystids; the presence of these plates is considered plesiomorphic in catfishes. These 

plates will be called inner palatal tooth patches in this dissertation. 

(22) Inner palatal tooth patches: 0 = Present. 1 = Absent. 

Parurohyal. The parurohyal of catfishes originates as a double ossification of the tendon 

of the stemohyoideus muscle in catfishes (Arratia, 2003a); since in other teleosts it is a 

single ossification of the tendon, it is properly called the urohyal (Kusaka, 1974). The 

parurohyal is commonly shaped as a broad winged bone, but in ariids there are important 

differences in the profile of the upper crest and lateral processes (Higuchi, 1982). Rao 

and Lakshmi (1984) reported that the ventral arm (=mesial process) of the parurohyal of 

Arius tenuispinis articulates with the cleithra. 

(23) Mesial process of the parurohyal compared to the lateral proceses of the bone (Fig. 

18): 0 = Posteriorly more projected. 1 = Posteriorly less projected. 
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Dentaries. The dentaries, dermal bones forming the lower jaw, are the largest jaw bones 

(Rojo, 1991; Arratia, 2003a). They are relatively narrow, but become somewhat wider 

anteriorly, near the symphysis, with sockets to accommodate the teeth (Rao and Lakshmi, 

1984). 

(24) Posterior expansion of the dentary (Figs. 19 and 20): 0 = Absent or reduced. 1 = 

Well developed. 

(25) Molariform teeth in the dentary (Figs. 19 and 20): 0 = Absent. 1 = Present. 

Autopalatines. These endochondral bones are the anteriormost ossification of the 

palatoquadrate and they are included in the oromandibular region. They are sometimes 

called simply palatines (Rao and Lakshmi, 1984; Mo, 1991). In diplomystids these bones 

are elongated, slightly broader anteriorly than posteriorly, and well ossified (Arratia, 

2003a). In ariids they are usually tubular and strongly articulated to the ectopterygoid and 

to the lateral ethmoids (Higuchi, 1982; Marceniuk, 2003). The subautopalatine tooth 

plates are frequently evolved elements associated to the autopalatines that have been 

sometimes used as a main source of systematic information in ariids (Marceniuk, 2003). 

These plates will be called lateral palatal tooth patches in this work. 

(26) Teeth on the lateral palatal patches (Fig. 21): 0 = Villiform. 1 = Molariform. 

Hyomandibulae. The hyomandibulae are a pair of endochondral bones included in the 

hyoid arch and joining anterodorsaliy with the pterosphenoid. They are large, irregularly 

shaped flat bones (Rao and Lakshmi, 1984). There is a long articular facet cormecting 

with the sphenotic, pterotic, and prootic, and a large opercular process located posteriorly 

(Arratia, 2003a). In ariids, as well as in diplomystids, the hyomandibulae are not directly 
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connected to the quadrates (Higuchi, 1982). Some ariids have a wing-like prolongation of 

the antero-dorsal branch of the lateral crest of the hyomandibula. 

(27) Wing-like prolongation of the antero-dorsal branch of the lateral crest of the 

hyomandibula (Figs. 22 and 23): 0 = Moderate. 1 = Absent. 2 = Well developed. 

Metapteiygoids. The metapterygoids are paired perichondral bones associated with the 

jaws and the suspensorium of the hyoid arch that are elongated in diplomystids, but are 

wide, thin, as a diamond-shaped sheet sutured with the quadrates and the hyomandibulae 

in ariids (Rao and Lakshmi, 1984). The posterodorsal part of the metapterygoid is usually 

sutured with the anteroventral part of the anterior membranous outgrowth of the 

hyomandibula (Arratia, 2003a). 

(28) Length of the metapterygoid-hyomandibula suture compared to the maximum length 

of the metapterygoid (Figs. 22 and 23): 0 = Less than 50%. 1 = Greater than 50%. 

Weberian aparatus. The Weberian apparatus is basically a highly complex anatomical 

structure associated with the auditory sense in all the Otophysean fishes. It consists on a 

double chain of four ossicles joining the anterior part of the swim bladder to the irmer ear, 

the vertebrae with which they articulate, and the modified pars inferior of the labyrinths 

(Rojo, 1991; Chardon et al., 2003). The Milllerian ramus or Mullerian processes are the 

anterior expansions or transverse processes of the parapophysis of the fourth vertebra; in 

ariids these processes are ventrally curved and make contact with the external tunic of the 

swim bladder (Higuchi, 1982). Fused ventrally to the complex vertebra are the suspensor 

bones, which support the swim bladder. Dorsally, between the third and fourth vertebral 

spines some ariids have a medial crest. 
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(29) Mullerian ramus (Fig. 10): 0 = Absent. 1 = Expanded and ventrally curved. 

(30) Mesial crest of the sustentaculum of the Weberian apparatus (Fig. 24): 0 = Absent or 

reduced. 1 = Moderate. 2 = Well developed. 

(31) Ventral superficial ossification of the vertebral complex (Figs. 16 and 17): 0 = 

Absent or reduced. 1 = Extensive, mesially opened. 2 = Extensive, mesially continued 

forming the aortic tunnel. 

(32) Anterior cardinal veins passing between turmels located between the parapophysis of 

the anterior vertebrae and the adjacent superficial ossification (Figs. 16 and 17): 0 = Over 

the level of the foramen for the dorsal aorta. 1 = Lateral to the foramen for the dorsal 

aorta. 

(36) Laminar expansion of the 4th neural spine (Fig. 24): 0 = Reduced. 1 = Moderate and 

antero-laterally directed. 2 = Wide and parallel to the transverse axis. 

(37) Fourth neural spine (Fig. 24): 0 == Strongly inclined. 1 = Slightly inclined. 

Scapulo-coracoids. Paired endochondral bones forming the pectoral girdle. They are 

sometimes simply called coracoids (Higuchi, 1982). They meet ventrally with the cleithra 

in a suture forming the ventral end of the pectoral girdle (Arratia, 2003b). 

(33) Transversal crest formed by the articulation of the scapulo-coracoid and the 

cleithrum (Figs. 25 and 26): 0 = Well developed. 1 = Rudimentary. 

Cleithra. Paired dermal bones, the largest of the pectoral girdle, that form the dorsal, 

lateral, and anteromesial sides of the girdle (Rojo, 1991). They have two processes, the 

dorsal and the humero-cubital. The former is an upward bifid prolongation of the 

posterolateral region of the bone; the anterior dorsal process, that articulates with the 
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posttemporo-supracleithrum, is larger than the posterior one (Arratia, 2003b). The 

humero-cubital process is situated about mid-posterior margin of the cleithrum; it is 

narrow and elongate in diplomystids but well developed in other catfishes, such as most 

ariids (Higuchi, 1982; Arratia, 2003b). In ariids, a cylindric crest runs transversally at the 

dorso-posterior side of the horizontal sheet of the cleithrum, enclosing a sensory chanel 

(Tilak, 1963). 

(34) Transverse crest running on the dorsal part of the horizontal sheet of the cleithrum 

(Figs. 25 and 26) 0 = Cylindric and produced. 1 = Flattened. 

(35) Posterior dorsal process of the cleithrum (Figs. 25 and 26): 0 = Dorsally directed. 1 

= Ventrally directed. 

(54) Humero-cubital process of cleithrum (Figs. 25 and 26): 0 = Produced and distinct 

from the inferior crest of the dorsal process of the bone. 1 = Fused to the inferior crest, 

forming a fan-shaped sheet. 

Otoliths. Otoliths are three pairs of stato-acoustic structures of the actinopterygii, located 

within the otic capsules of the neurocranium. They are made of aragonite and organic 

matter (Nolf, 1985). The generalized state in catfishes is an inconspicuous utriculite or 

lapillus otolith, confined to the central area of the prootics (Mo, 1991; de Pinna, 1993; de 

Oliveira et al., 2001). However, the lapillus of the siluriforms is usually larger than the 

other two otoliths (the saccular otolith or sagitta and the lagenar otolith or asteriscus) 

(Higuchi, 1982). In three not closely related catfish clades, ariids, plotosids, and the 

bagrid Horabagrus, the lapillus otolith is enlarged and ocupies an area corresponding to 
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several bones of the otic region (see character 11) (de Oliveira et al., 2001). In ariids, the 

lapillus otoliths are oval, conchoidal, and biconvex (Higuchi, 1982). 

The lapilli of sea catfishes are so distinctive that they have been widely noted in 

the fossil record (Frizzell, 1965; Weiler, 1968; Nolf, 1976, 1988; Nolf and Capetta, 1980, 

1989; Nolf and Dockery, 1990, 1993; Nolf and Bajpai, 1992; Nolf and Stringer, 1996; 

Nolf et al., 1997; Nolf and Aguilera, 1998); at least 23 fossil sea catfish species have 

been described based on their lapillus otolith (Weiler, 1968; Nolf, 1985; D. Nolf, pers. 

com. 2000). Maybe the best known fossil siluriform described from lapillus material is 

Vorhisia vulpes Frizzell, 1965, quoted as "genus Siluriformorum" vulpes by Nolf (1985) 

and as "genus Ariidarum" vulpes by Nolf and Stringer (1996). This species, found at the 

Upper Cretaceous of South Dakota and Maryland, has been reported as living in an 

estuarine-deltaic environment, not entering freshwater (Frizzell and Koening, 1973; Nolf 

and Stringer, 1996). Material of this species was examined; the shape of its lapillus is 

relatively similar to that of the lapillus of Galeichthys (Hecht and Hecht, 1981; this work) 

and other neotropical sea catfishes. Therefore, from the shape of the lapillus and from 

the environment where it lived, it seems fairly possible that this species is a fossil ariid, as 

it was already stated by Nolf and Stringer (1996). 

One lapillus shape only represented in the fossil record is that of "genus 

Ariidarum" danicus from the Paleocene of Denmark (Koken, 1891), illustrated by Nolf 

(1985), and Ariidae ind. from the Upper Cretaceous of Maryland (Nolf and Stringer, 

1996). Paleocene material of that species was examined; the lapillus is almost completely 

rounded, differing clearly from any Recent material observed. Other relatively rounded 
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(type danicus) fossil otoliths are Arius germanicus from the Middle Oligocene of 

Germany, "genus Ariidarum" vangionis from the Middle Oligocene of Germany, and A. 

planus from Upper Eocene of England (Koken, 1891; Frost, 1934; D. Nolf, pers. com. 

2000). Other ariid fossils lapilli are relatively angular, such as A. angulatus from the 

Middle Eocene of Nigeria and "genus Ariidarum" subrectangularis from the Lower 

Eocene of France (Frost, 1926; Nolf, 1988). Some lapillus fossil species seem to have 

the antero-latero-superior margin of the lapillus rounded, such as A. amejiensis from the 

Middle Eocene of Nigeria and A. nucleus from the Middle Miocene of Austria (Frost, 

1926; D. Nolf, pers. com. 2000). Arius africanus from the Middle Eocene of Nigeria 

(Frost, 1926; D. Nolf, pers.com. 2000) seems to have the antero-latero-superior margin 

angular and produced, looking similar to "genus Ariidarum" vulpes. 

Depending upon their position and orientation in the skull, it is possible to 

distinguish a dorsomedial irregular side (internal side) and its ventrolateral opposite side, 

which is smooth and oriented towards the prootic (Nolf, 1976). The upper lateral border 

shows a groove parallel to its margin. 

(38) Lapillus otolith size (Fig. 27): 0 = Less than the asteriscus and the sagitta. 1 = 

Several times greater than the asteriscus and the sagitta. 

(39) Shape of the antero-latero-superior margin of the lapillus (Figs. 28 and 29): 0 = 

Angular and produced. 1 = Clearly rounded. 

(40) Latero-superior margin of the lapillus (Figs. 28 and 29): 0 = Flattened and with a 

reduced or absent groove. 1 = With a pronounced groove. 
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(41) Antero-infero-medial protuberance of the lapillus otolith (Figs. 28 and 29): 0 = 

Moderate. 1 = Well developed. 

Mouthbrooding. See Chapter 3. 

(42) Mouthbrooding (Fig. 30): 0 = Absent. 1 = Present. 

Barbels. Catfishes normally show one to four pairs of barbels on the head around the 

mouth: one nasal, one maxillary, which are the longest, and two on the chin or mental. 

However, the number of barbel pairs vary widely in catfish clades; for example, in ariids, 

which usually have three pairs, there can be as few as only one pair (Marceniuk, 2003). 

(43) Barbels (Fig. 31): 0 = One pair of transversally rounded maxillary barbels and two 

pairs of mental barbels (one external and one internal). 1 = One pair of flattened 

maxillary barbels and only the external pair of mental barbels. 

(55) Maxillary barbels (Fig. 31): 0 = Relatively short, not reaching beyond the pelvic 

fms. 1 = Relatively long, reaching at least to the anal fm. 

Dermal furrow. Several New World species of sea catfishes show a well-developed 

dermal furrow partially covered by a flap of skin extending across snout and connecting 

the posterior nostrils (Kailola and Bussing, 1995; Acero, 2002). This condition seems to 

be absent in all other catfishes. 

(44) Dermal furrow between the posterior nostrils: 0 = Absent. 1 = Present. 

Adipose fin. Several Otophysian groups have an adipose fin, but its size and shape are 

extremely variable (Acero, 2003). Nevertheless, the trend followed by the authors 

working in ariids has been to consider a long based adipose fm as the primitive state 

(Kailola, 1991; Marceniuk, 2003). 
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(45) Adipose fin base (Fig. 31): 0 = Long. 1 = Short. 

Supraneural. In most ariids the supraneural and the two first proximal radials are 

th completely sutured, forming a rigid keeled structure that encases perfectly in the 4 

vertebra (Higuchi, 1982; Royero, 1987). This structure is known as the "predorsal plate". 

However, in some species, the small independent supraneural remains separate and can 

be seen between the supraoccipital process and the predorsal plate. 

(49) Supraneural: 0 = Separate from the predorsal plate. 1 = Sutured to the predorsal 

plate. 

Pelvic fins. Pelvic fins are an important element of the mouthbrooding reproductive 

process in ariids and they are significantly larger in females than in males (see chapter 1). 

Moreover, some female New World sea catfishes have additional pelvic modifications 

called claspers (Lee, 1937; Merriman, 1940). At least two Australian sea catfish species 

show also some sort of sexually dimorphic pelvic fins (Rimmer and Merrick, 1983). 

(56) Axial surface of mature females pelvic fins with thick protuberances developed 

during the reproductive period (Fig. 32): 0 = Absent. 1 - Present. 

PHYLOGENETIC HYPOTHESIS 

The branch-and-bound search algorithm under the parsimony criteria revealed 

twelve optimal phylogenetic hypotheses (85 steps, consistency index 0.75, retention 

index 0.91). Those results are summarized in a strict consensus tree presented in Figure 

33. For the following phylogenetic discussion the clades found are numbered from 1 to 

17 indicating the species included in each clade. 
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Clade 1: Boostrap value 94% 

(Sciades dowii + S. proops + S. parkeri + S. herzbergii) 

The species of Sciades share three derived character states. Frontal bones in ariids 

are typically wide posteriorly and narrow anteriorly (Kailola, 1991, 2004), as it is 

observed in most ingroup species (character 5). A derived condition is observed in the 

members of clade 1, with the frontals extending anteriorly as a sheet, dorsally covering its 

anterior branch, which is exposed only ventrally, and partially or totally covering the 

lateral fenestrae (Fig. 8). Even though the outgroup species and Occidentarius 

platypogon lack lateral fenestrae, this condition is not homologous since the frontals in 

these species are compact anteriorly and lack a laminar extension and anterior branches. 

Also, the species of Bagre have anterior frontals expansions, but they are produced by a 

secondary ossification (Kailola, 1991, 2004). 

In ariids and many other catfish clades the head shield bones are usually covered 

by relatively well developed rugosities and striae (character 50). However, only the 

species of Selenaspis share the presence of well developed granules on the head bones 

(Figs. 8 and 13). This state is considered a synapornorphy of the genus. Also, the 

members of clade 1 share the presence of a well developed antero-dorsal bony block of 

the orbitosphenoid, which surpasses the distal extreme of the lateral ethmoids (character 

51). In non-ariid catfishes, plus the species of Galeichthys, the orbitosphenoid lacks the 

anterodorsal bony block. In the other ariid clades the anterodorsal bony block of the 

orbitosphenoid is present but moderate in size. Therefore, the presence of a well 

developed anterodorsal block of the orbitosphenoid is considered a derived state present 
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in members of clade 1. 

Clade 2: Bootstrap value 64% 

(Ariopsis n. sp. + A. seemanni) 

In most of the catfish species examined, including the outgroup, the 

metapterygoid and the hyomandibula are joined by a relatively short suture (character 

28). However, in Ariopsis n. sp. and A. seemanni the joint between those bones is 

relatively long, larger than half the maximum length of the metapterygoid (Fig. 23). This 

state is a synapomorphy of these species. 

Clade 3: Boostrap value 66% 

{Ariopsis felis + clade 2 {Ariopsis n. sp. + A. seemanni)\ 

The species of Ariopsis share two derived character states. They have an almost 

rounded extrascapula (character 46). In the other examined catfish taxa the extrascapula 

varies widely in shape, going from subrectangular to subtriangular (Figs. 3 and 12). Also, 

in mature females of Ariopsis the inner pelvic fin rays are strongly modified to form a 

hook or clasper (character 56) (Merriman, 1940; Galvis, 1983). Those modifications are 

related to the highly derived reproductive process of ariids which involves 

mouthbrooding of eggs and embryos. In the Ariopsis clade the development of pelvic 

claspers in females apparently facilitates a safer transference of the fertilized eggs from 

the female to the male. 

Clade 4: Boostrap value 71% 

{clade \{Sciades dowii + S. proops + S. parkeri + S. herzbergii) + clade 3 {Ariopsis felis 

+ clade 2 (Ariopsis n. sp. + A. seemanni)]} 
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These two neotropical genera, clades 1 and 3, share only one derived state, the 

elongation of the prootics (character 52) (Figs. 3, 8, 12 and 13). However, since this 

feature is at least partially related to the elongation of the skull, it is clearly homoplastic, 

showing up in unrelated taxa such as Notarius cookei (Fig. 11) and Galeichthys 

peruvianus. 

Clade 5: Bootstrap value 64% 

(Bagre pinnimaculatus + B. bagre) 

Bagre bagre and B. pinnimaculatus share a derived state, extremely prolonged 

maxillary barbels (character 55). The maxillary barbels are very long, reaching at least to 

the anal fm; the dorsal filament is also very produced, passing the distal end of the anal 

fin and often reaching the origin of the caudal peduncle (Fig. 31). The other examined 

catfish taxa never have barbels and dorsal filament that produced. 

Clade 6: Bootstrap value 64% 

\B. panamensis + clade 5 {Bagre pinnimaculatus + B. bagre)'\ 

Bagre pinnimaculatus, B. bagre, and B. panamensis share another derived state, a 

reduced lateral part of the sphenotic (character 53) (Figs. 5 and 9). In the other ariid 

species examined, as well as those of the outgroup, the lateral part of the sphenotic is well 

developed. 

Clade 7: Boostrap value 100% 

{B. marinus + clade 6 [Bagrepinnimaculatus + clade 5 {B. bagre + B. panamensis)]} = 

genus Bagre 

This clade is the second best supported in the phylogenetic hypothesis proposed in 
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this work. The four recognized species of the genus Bagre share five derived states. The 

first one is the antero-dorsal laminar projection of the lateral ethmoid (character 2), which 

is absent in any other catfish species examined (Figs. 5 and 9). 

In all the non-Bagre species examined the parurohyal has its mesial process more 

distally projected than the lateral processes (character 23). The species of the Bagre clade 

share the apomorphic state, having the mesial process less produced than the lateral ones; 

additionally, they share also the condition of having the tip of the mesial process bifid 

(Fig. 18). 

In most catfish species studied the transverse crest formed by the articulation of 

the scapulo-coracoid and the cleithrum is well developed (character 33). Nevertheless, 

the species of Bagre and one of the outgroup species, the auchenipterid Trachelyopterus 

insignis, share the derived condition of a rudimentary transverse crest in the scapulo-

coracoid (Fig. 26). The presence of the apomorphic feature in Bagre and T. insignis is 

considered homoplastic. 

The presence of a ventrally directed posterior dorsal process of the cleithrum is 

also a synapomorphy of the species of Bagre (character 35). In the other catfish species 

examined the posterior dorsal process of the cleithrum is dorsally directed (Fig. 26). 

Arratia (2003b) found the plesiomorphic state in diplomystids. Marceniuk (2003) 

reported that pangasiids share the derived state as a homoplasy with Bagre. 

Most authors have reported that the usual, probably plesiomorphic, number of 

barbels in catfishes, including ariids, is six, with numbers ranging between two and eight 

(character 43); that figure includes one maxillary pair and two mental pairs (Kailola, 
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1991, 2004; Acero, 2003; Arratia, 2003a; Marceniuk, 2003). However, the species of 

Bagre differ from the catfish taxa examined in having only one pair of mental barbels 

(Fig. 31). Moreover, the flattened maxillary barbels of Bagre are clearly different to those 

shown by other catfishes, that tend to be teretiform. 

Clade 8: Bootstrap value 89% 

[Occidentarius platypogon + clade 7 (genus Bagre)] 

This clade is supported by two derived states. In the first one, the posterior 

projection of the epioccipital posterior projection is narrow and its mesial border is 

elevated, forming a crest (character 15). In the outgroup species and in most ariids 

examined, the posterior projection of the epioccipital is relatively wide, with a low mesial 

border (Figs. 14 and 15). In the species of Cathorops, including C. dasycephalus, another 

derived state of the character is present, the posterior projection of the epioccipital is 

relatively wide, also with the mesial border elevated, forming a crest. 

The sustentaculum of the Weberian apparatus or pars sustentaculum (Tilak, 1965) 

is associated with a laminar crest located between the neural spines of the third and fourth 

vertebrae; this crest is low or poorly developed in all the outgroup and in most ariid 

species examined (character 30). However, the species of Bagre plus Occidentarius 

platypogon show the derived condition, a very well developed crest, as reported by 

Kailola (1991, 2004) and Marceniuk (2003) (Fig. 24). This crest shows an intermediate 

development in Cathorops, including C. dasycephalus, but this derived state is here 

considered independently acquired. 
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Clade 9: Boostrap value 61%. 

(clade 4 {clade 1 (Sciades dowii + S. proops + S. parkeri + S. herzbergii) + clade 3 

[Ariopsis felis + clade 2 (Ariopsis n. sp. + A. seemanni)]} + clade 8 [Occidentarius 

platypogon + clade 7 (genus Bagre)\) 

This clade, based on two synapomorphies, show a relatively low bootstrap 

support. The two characters supporting this clade are taken from the lapillus otolith, 

which shows two well defined forms in the ariid species examined (character 39). In most 

species, including Galeichthys, the lapillus shows an uncinated shape due to the strongly 

produced anterior angle of the latero-superior border (Hecht and Hecht, 1981; this work) 

(Fig. 27). The other form is relatively rounded due to the curved laterosuperior border of 

the otolith. These findings agree with Merriman (1940), who described a rounded lapillus 

for B. marinus and Galeichthys felis (=Anopsis felis), with Nolf (1976), who discussed 

that the lapillus of Selenapis {=Sciades) herzbergii and Arius felis (^Ariopsis felis) show 

a rounded shape that differs sharply from the lapillus of Arius sp. and Arius spixii 

{=Cathorops spixii), and with Higuchi (1982) and Higuchi et al. (1982), who reported a 

relatively rounded lapillus in two species of Genidens and a squarish one in Sciadeichthys 

{=Notarius) luniscutis and in C. spixii. Nolf (1976) emphasized the diagnostic value of 

the lapillus for the sea catfishes, disagreeing with Kailola (1991), who stated that the 

lapillus is very uniform in Ariidae. However, most consulted papers show that the shapes 

of the lapillus in catfishes is highly variable (Nolf, 1985), thus very difficult to compare 

to the ingroup conditions. The exception to that is Hecht and Hecht (1981), who 

illustrate the lapillus of Plotosus limbatus; they show a squarish lapillus, relatively 
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similar to that of Galeichthys. Hence, in order to polarize this character the condition 

found in Galeichthys was used. This decision is supported by the opinion of recent 

authors, as well as on the morphological evidence gathered in this work, who have 

unanimously considered Galeichthys the most generalized genus in the family Ariidae 

(Kailola, 1991, 2004; Kulongowski, 2001; Betancur-R., 2003; Marceniuk, 2003). 

Following this criteria, the plesiomorphic state is the uncinated shape of the lapillus (Fig. 

27). This is also supported by the shape of Vorhisia vulpes, an upper Cretaceous ariid-like 

lapillus (Fig. 3 in Frizzell and Koenig, 1973). Therefore, the rounded shape of the 

otholith is a synapomorphy for clade 9. 

A well developed anteroinferomedial projection in the lapillus otolith of the 

species included in this clade is probably also the derived state (character 41). After Nolf 

(1976), the anteroinferomedial protuberance on the lapillus of Arius (=Cathorops) spixii 

and Arius i^Notarius) sp. is moderate and better developed in Sciades (Fig. 27). A 

moderate anteroinferomedial protrusion, shown also by the lapillus of Galeichthys and V. 

vulpes (Frizzell and Koenig, 1973, Fig. 3), is probably the plesiomorphic condition. 

Clade 10: Bootstrap value 62%. 

{Cathorops mapale + C. multiradiatus ) 

These two species of Cathorops share one derived state, the presence of an 

internal row of molariform teeth on the dentary (character 25). No other examined catfish 

species shows this condition (Fig. 20). Marceniuk (1997), based on Higuchi (1982), 

proposed that the presence of this row of molars on the dentary was an autapomorphy of 

the genus Cathorops. However, since the type species of the genus, C hypophthalmus. 
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shows the generalized state, it is concluded here that the derived feature is shared only by 

some species of Cathorops. 

Clade 11: Boostrap value 96% 

[Cathorops hypophthalmus + clade 10 (C. mapale + C. multiradiatus)] 

This clade, that will be called Cathorops sensu stricto, is supported by three 

synapomorphies. These three species share a well developed fenestra between the 

mesethmoid and the lateral ethmoid (character 3) (Fig. 4); the closely related C. 

dasycephalus shows a reduced fenestra. The other outgroup and ariid species studied lack 

any fenestra between these bones. Marceniuk (2003), who also observed the presence of 

the fenestra in the seven Cathorops sensu stricto species examined by him, considered it 

an unique diagnostic state for most Cathorops, but failed to detect any rudimentary 

fenestra in C. dasycephalus. 

In ariids, the supratemporal fossa, if present, is bordered by the posttemporo-

supracleithrum, the pterotic, and the extrascapula (character 10). The species of 

Cathorops sensu stricto show the derived state, supratemporal fossa mostly formed by 

lateral invaginations of the extrascapula, i.e., more than half of the perimeters of the 

fossae are bordered by the extrascapulae (Fig. 4). In the outgroup and non-Cathorops 

ariid species, clearly less than half of the perimeter of the fossa is made by the 

extrascapula. A similar state was described for C. spixii by Higuchi (1982) and for 

several species of Cathorops by Marceniuk (1997, 2003). 

In the outgroup, as well as in most examined ariid species, the anterior cardinal 

veins pass through chaimels located over the level of the aortic channel, between the 
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parapophysis of the anterior vertebrae and the adjacent superficial ossification (character 

32). However, the species of Cathorops sensu stricto show the apomorphic condition, 

since those veins pass through channels located lateral to the foramen for the dorsal aorta 

(Fig. 16). A similar state was described for C. spixii by Higuchi (1982) and for several 

species of Cathorops by Marceniuk (1997, 2003). 

Clade 12: Bootstrap value 100% 

{Cathorops dasycephalus + clade 11 [C. hypophthalmus + clade 10 (C. multiradiatus + 

C. mapale)]} 

This clade, based on ten synapomorphies, is the best supported one identified in 

this phylogenetic work. The lateral ethmoid is a robust bone in the outgroup and most 

ariid species studied (character 1). However, the species of this clade present the derived 

state, a thin lateral ethmoid (Fig. 4). Higuchi (1982) proposed that the reduction of the 

floor of the olfactory capsule, located ventral to the lateral ethmoid, was a derived 

condition. 

The species of Cathorops, including C. dasycephalus, share as a synapomorphic 

condition, a long, straight, parallel to the longitudinal axis of body mesial suture between 

the extrascapula and the parieto-supraoccipital (character 8). In the other catfish species 

examined, including the outgroup, the suture between those bones is short and forms an 

angle with the longitudinal axis of the body (Fig. 4). The derived state was also discussed 

by Higuchi (1982) and Marceniuk (1997). 

The species of clade 12 share one of the derived states of the posterior projection 

of the epioccipital (character 15). In them the projection is relatively wide with its mesial 
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border forming a crest (Fig. 15), while in the outgroup and most ariid species examined, 

the wide posterior projection of the epioccipital lacks any mesial crest. The species of 

clade 8, on the other hand, show another derived state (character 15). 

The outgroup and most examined ariid species show a columnar lower branch of 

the posttemporo-supracleithrum (character 16); this is considered the generalized state. In 

the species of clade 12 the lower branch of the posttemporo-supracleithrum shows the 

derived condition, dorsoventrally depressed (Fig. 16). 

The posttemporo-supracleithrum internal (mesial) branch is shorter when 

compared to the external (lateral) branch in the outgroup and most ariid species 

(character 17); this is the generalized state. The species of clade 12 show an internal 

branch of the posttemporo-supracleithrum equal or longer than the external branch (Fig. 

16). 

The species of clade 12 show the derived state of the lateral expansions of the 

basioccipital, shaped similar to elongated stakes (character 18). In the outgroup species 

and in Galeichthys the character show the generalized condition, lateral expansions of the 

basioccipital similar to columns (Fig. 16). The other ariid species have an intermediate 

state, the lateral expansions are similar to short stakes. The derived state was also 

discussed by Higuchi (1982) and Marceniuk (1997, 2003). 

Another derived state present in clade 12 species is that the subvertebral process is 

anteriorly keeled (character 21). The outgroup and most ariid species studied show the 

generalized condition, subvertebral process lacking an anterior keel (Fig. 16). The 

derived state was also discussed by Higuchi (1982) and Marceniuk (1997, 2003). 
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The dentary in Cathorops, including C. dasycephalus, shows an expanded 

posterior region (character 24); this feature is considered derived. Most outgroup and 

most ariid species show a dentary with reduced or no expansion at all (Fig. 20). However, 

in the outgroup doradid species Doraops zuloagai the dentary also has an expanded 

posterior region; this situation must be attributed to homoplasy. The derived state was 

also discussed by Higuchi (1982) and Marceniuk (1997). 

As it was already discussed under clade 8, the generalized condition of the 

laminar crest located between the neural spines of the third and the fourth vertebrae 

present in all the outgroup and most ariid species studied is low or poorly developed 

(character 30). This crest is relatively well developed in Cathorops, including C 

dasycephalus, but this derived state is here considered independently adquired from that 

present in clade 8 species. The derived state present in clade 12 was also discussed by 

Higuchi (1982) and Marceniuk (1997, 2003). 

In the outgroup and most ariid species examined the transverse crest running on 

the dorsal part of the horizontal sheat of the cleithrum exhibits the generalized condition, 

cilindric and produced (character 34). On the other hand, the species of clade 12 show the 

derived feature, the horizontal sheat of the cleithrum is flattened (Fig. 25). 

Clade 13: Bootstrap value 79% 

{Notarius cookei + N. kessleri + N. neogranatensis + N. troschelii) 

The species included in clade 13 share a derived condition, the cranial fontanel 

posteriorly limited by the frontals with parieto-supraoccipital participation (character 6). 

The outgroup and most ariids examined show a cranial fontanel posteriorly limited only 
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by the frontals (Figs. 7 and 11). This state is considered generalized, contrasting with 

Higuchi (1982) and Kailola (1991) who argued that the participation of the parieto-

supraoccipital in the posterior cranial fontanel was plesiomorphic. 

Clade 14: Bootstrap value <60% 

(Clade 12 {Cathorops dasycephalus + clade 11 [C. hypophthalmus + clade 10 (C. mapale 

+ C. multiradiatus)]} + clade 13 (Notarius cookei + N. kessleri + N. neogranatensis + 

N. troschelii) + Arius arius) 

This not well supported clade includes neotropical species plus the type species of 

the family, the Indo-West Pacific A. arius. The neotropical species share a clearly derived 

condition, the subvertebral process is long and thin (character 20). However, A. arius 

posseses the generalized condition, a low subvertebral process, that is present in the ariid 

species not included in clade 14 (Fig. 16). 

The neotropical species of this clade also share the presence of a pronounced 

groove on the latero-superior border of the lapillus otolith (character 40) (Fig. 27). The 

lapillus of the studied specimen of A. arius was in poor condition and this character was 

not clearly seen precluding the possibility of establishing this as a derived state of clade 

14. The fact that the monophyletic status of this clade is not well supported backs the 

biogeographic hypothesis of a lack of close phylogenetic relationships between the Old 

World and the New World lineages of the family. 

Clade 15: Bootstrap value 97% 

[clade 9 {clade 8 [clade 7 (genus Bagre) + Occidentariusplatypogon\ + clade 4 {clade 3 

[Ariopsis felis + clade 2 {Ariopsis n. sp. + A. seemanni)] + clade 1 (Sciades herzbergii 
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+ S. dowii + S. parkeri + S. proops)]) + clade 14 (clade 12 {Cathorops dasycephalus + 

clade 11 [C. hypophthalmus + clade 10 (C. mapale + C. multiradiatus)]} + clade 13 

(Notarius cookei + N. kessleri + N. neogranatensis + N. troschelii) + Arius arius)\ 

This, the second best supported clade, includes most ariid species. They share six 

derived states. The outgroup species and Galeichthys lack the articulacion of the 

epioccipital posterior process with the diagonal crest of the Weberian apparatus 

sustentaculum (character 14). The species included in clade 15 share the derived feature, 

presence of an articulation between the epioccipital posterior process with the diagonal 

crest of the sustentaculum (Figs. 10, 14 and 15). Tilak (1965) and Higuchi (1982) 

presented this state as derived for the Ariidae; however, as it was already found by 

Kailola (1991, 2004) and Kulongowski (2001), the species of Galeichthys show the 

plesiomorphic condition. Marceniuk (2003) presented this character from a different 

point of view, as a passage between the epioccipital eind the 4^ vertebra crests, but with 

the logical same results. 

The lateral expansions of the basioccipital bone are stake-shaped in all the 

members of this clade (character 18). This shape is synapomorphical for these species, 

but in Cathorops, including C. dasycephalus, the stakes are longer than in the other 

members of the clade (Figs. 3-5, 7-9, 11-13, 16 and 17). In the outgroup species, except 

in the heptapterid Rhamdia quelen, and in Galeichthys the lateral expansions are 

columnar. The presence of lateral expansions of the basioccipital, articulated to the 

posttemporo-supracleithrum, was considered a derived feature of the arioids by Lundberg 
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(1993). As a non-arioid catfish, sensu Lundberg (1993), R. quelen lacks lateral extensions 

in the basioccipital. 

A cone shaped basioccipital subvertebral process is another synapomorphy of the 

species included in clade 15 (character 19). The generalized condition is present in the 

outgroup species as well as in Galeichthys (Figs. 16 and 17). Tilak (1965) considered the 

presence of a unique basioccipital subvertebral process a specialization of the family 

Ariidae. Nevertheless, he was not aware of the expression of the character in the species 

of Galeichthys. 

Character 31 is particularly important because the states could be ordered, if so 

desired. The outgroup species show the generalized feature: absence or rudimentary 

ventral superficial ossification of the vertebral complex (Figs. 16 and 17). The species of 

Galeichthys show an extense ventral superficial ossification of the vertebral complex; 

however, the aortic tunnel is mesially opened. In the species of clade 15 the ossification 

is extense and has the shape of an inverse triangle; moreover, it is mesially continued 

forming the aortic tunel. Tilak (1965) and Higuchi (1982) discussed the phylogenetic 

implications of the character for ariids. Kailola (1991, 2004) and Kulongowski (2001) 

studied the intermediate state present in Galeichthys. However, Marceniuk (2003) 

wrongly grouped the outgroup species and Galeichthys as lacking the extense ossification 

of the ventral surface of the vertebral complex. 

The species included in clade 15 share the derived state of character 49, 

supraneural fused to the predorsal plate. The outgroup species and Galeichthys show the 

generalized condition, the supraneural, also known as the anterior nuchal plate, is well 
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differentiated from the other elements of the predorsal plate. Nevertheless, Marceniuk 

(2003) stated that in B. bagre the character is reversed to the primitive state. Since the 

specimens he examined were juveniles (104-177 mm SL), it is probable that the derived 

condition was not yet ontogenetically evident. 

Clade 16: Bootstrap support 71% 

{Galeichthys ater + G. peruvianus) 

The species included in clade 16 share two derived character states. In the 

outgroup species as well as in the non-Galeichthys species of sea catfishes examined the 

supraoccipital process is not grooved ventrally (character 47). The two studied species of 

Galeichthys show the derived state, supraoccipital process ventrally grooved (Fig. 10). 

In diplomystids and other catfishes, including most species examined, the 

humero-cubital process of the cleithrum is narrow and elongate (character 54); this is 

considered the generalized state. However, the species of clade 16 show the derived 

state, a humero-cubital process of the cleithrum fused to the inferior crest, forming a fan 

shaped sheat (Fig. 26). 

Clade 17: Bootstrap support 99% 

{clade 16 {Galeichthys ater + G. peruvianus) + clade 15 [clade 9 {clade 8 [clade 7 (genus 

Bagre) + Occidentariusplatypogon] + clade 4 {clade 3 [Ariopsis felis + clade 2 {Ariopsis 

n. sp. + A. seemanni)^ + clade 1 {Sciades herzbergii + S. dowii + S. parkeri + S. 

proops)]} + clade 14 (clade 12 {Cathorops dasycephalus + clade 11 [C. hypophthalmus + 
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clade 10 (C. mapale + C multiradiatus)]} + clade 13 (Notarius cookei + N. kessleri + 

N. neogranatensis + N. troschelii) + Arius arius)\ 

This clade, including all the ingroup, is supported by five synapomorphies. The 

ear capsules are relatively reduced in the outgroup species and swollen in the ariids 

(character 11) (Figs. 3-5, 7-9, 11-13, 16 and 17). This situation is well known since 

Regan (1911) and has been also discussed and accepted by all recent authors (Tilak, 

1965; Kailola, 1991, 2004; Mo, 1991; de Pinna 1993; Marceniuk, 2003). 

The Miillerian ramus of the members of clade 17 is expanded and ventrally 

curved, but in the outgroup species it is relatively reduced and straight (character 29) 

(Figs. 10,14 and 15). This synapomorphic feature of the ariids has been well discussed 

by Tilak (1965) and Kailola (1991). As it was already discussed above, in ariids the 

superficial ventral ossification of the vertebral complex is well developed (character 31), 

varying between mesially opened and completely closed (Figs. 3-5, 7-9, 11-13, 16 and 

17). In the outgroup species such ossification is rudimentary or absent. The nature of this 

feature was well discussed by several authors (Tilak, 1965; Kailola, 1991, 2004; 

Kulongowski, 2001). 

In the outgroup species the utricular otolith (lapillus) is minute (character 38). 

However, in ariids the lapillus is several times larger than the other two inner ear stones, 

the sagitta and the asteriscus (Fig. 27). This important condition was already discussed by 

Tilak (1965) and Kailola (1991,2004). Tavolga (1977) proposed that the very large 

lapillus of ariids is involved in the detection of sound direction. Oliveira et al. (2001) and 

Chardon et al. (2003) discussed the similitudes between the utricular otoliths of the sea 
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catfishes, the eeltail catfishes, the only other truly marine family of siluriforms, and 

Horabagrus. This situation is probably homoplastic. The extraordinary development of 

mouthbrooding in ariids (character 42), contrasted to other catfishes and teleosts in 

general, will be discussed in chapter 3. 

COMPARISON WITH RECENT WORK 

Three large documents dealing with the systematics of the sea catfishes have been 

already produced in this century. Alexandre Pires Marceniuk obtained his Ph.D. in 2003 

at the University of Sao Paulo (Brasil); his thesis was entitled "Rela9oes filogeneticas e 

revisao dos generos da familia Ariidae (Ostariophysi; Siluriformes)." Ricardo Betancur-

Rodrfguez obtained in the same year his M.Sc. at the Universidad Nacional de Colombia, 

Bogota (Colombia); his thesis was entitled "Filogenia de los bagres marinos 

(Siluriformes: Ariidae) del Nuevo Mundo." Finally, Patricia Kailola published in 2004 in 

The Beagle, her doctoral dissertation from the University of Adelaide (Australia). 

However, since this last work is basically the same document used to obtain her Ph.D. in 

1991, it lacks recent references about catfish systematics and will not receive additional 

consideration in this dissertation. The other two unpublished thesis contain important 

information and analysis that sometimes differs from the results of this dissertation. 

Therefore, this section is dedicated to those comparisons. 

Marceniuk (2003) proposed a phylogenetic classification of the ariid catfishes 

based on the examination of 94 siluriform species, 80 from the ingroup and 14 from the 

outgroup, using 202 morphological characters, mainly from the skeleton (Fig. 34). 
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Unfortunately, his phylogenetic hypothesis as a whole lacks any support index, such as 

bootstrap or consistency or retention indexes. 

For his molecular study, Betancur (2003) worked with six different genes (five 

mitochondrial with 2922 base pairs: cytochrome b, ATP synthase 8 and 6, 12S, 16S; and 

one nuclear with 978 base pairs: RAG2) to infer the phylogeny of the New World ariids. 

He used as ingroup 37-41 species of American ariids as well as two Old Word sea 

catfishes, and three species of three different siluriform families as his outgroup. 

Betancur (2003) used both, maximum parsimony (MP) and Bayesian inference (BI), to 

analyze his molecular data sets (Fig. 34). 

The results obtained in this dissertation indicate that the sea catfishes are divided 

in two clades, 15 and 16. Clade 16 is the same natural group that was called 

"galeichthyinos" by Betancur-R. (2003) and "subfamilia Galeichthyinae" by Marceniuk 

(2003). Therefore, clade 16 should be treated as a subfamily, to include the genus 

Galeichthys. 

Clade 15 is the same monophyletic taxon called Ariinae by Betancur-R. (2003), to 

group all the non-Galeichthys sea catfishes. Marceniuk (2003) also accepted a subfamily 

Ariinae. However, his ariines are not equivalent to clade 15 because he excluded the 

genus Bagre, including it by itself in his "subfamilia Bagrinae." Such a decision is herein 

rejected based on phylogenetic reasons. Bagre shares with the other taxa included in 

clade 15 the six derived states presented before, as well as other two putative 

synapomorphies mentioned by Marceniuk (2003). Bagre is a highly derived natural 

group, defined by many synapomorphic conditions. However, it is clearly nested within 
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the subfamily Ariinae, as it has been demonstrated in this work and in Betancur-R. (2003) 

molecular research. On the other hand, the name chosen by Marceniuk (2003) for the 

subfamily including Bagre, Bagrinae, is a homonym of the name of the Old World family 

Bagridae (Mo, 1991; Nelson, 1994) and cannot be accepted in any case. 

Clade 14 is a relatively low-supported group that includes two New World genera 

{Cathorops and Notarius) and the type species of the family, A. arius. This clade does not 

appear in most of Betancur-R. (2003) molecular phylogenies, which did not include A. 

arius. However, a Cathorops + Notarius clade is shown in the trees found by Betancur-

R. (2003) using the total mitochondrial evidence under maximum parsimony and 

Bayesian inference. It is particularly interesting that with Bayesian inference such clade 

shows a high bootstrap value. Marceniuk's (2003) clade 112, which did not include A. 

arius, groups those two New World genera plus several Old World taxa. Marceniuk's 

(2003) clade 112 is based on 16 putative synapomorphies. 

Clade 13, which groups the species of Notarius, is well supported. This natural 

group was also detected molecularly by Betancur-R. (2003) and morphologically by 

Marceniuk (2003). Notarius was diagnosed by Marceniuk (2003) using five putative 

synapomorphies and said to include four species. The results of this dissertation coincide 

with Marceniuk (2003) that Notarius is a valid genus. Nevertheless, Marceniuk's (2003) 

Notarius excludes several taxa which were considered by him as belonging to two 

different genera: Aspistor and his Genero Novo 4. 

Aspistor was diagnosed by Marceniuk (2003) using 13 putative synapomorphies 

and said to include two western Atlantic species, luniscutis and quadriscutis. Since tissue 



65 

samples of Notarius quadriscutis were analyzed by Betancur (2003), the systematic 

situation and validity of Aspistor will be discussed in the systematic section. Genero 

Novo 4 was diagnosed by Marceniuk (2003) W\\hArius phrygiatus Valenciennes as its 

type species and including Arius rugispinnis Valenciennes as a second species. The only 

synapomorphy presented by Marceniuk (2003), anterior margin of vomer smooth and 

pronounced, is shared by other 12 lineages, including three of the outgroup. It is clear that 

the two sea catfishes included by Marceniuk (2003) is his Genero Novo 4 are each other's 

sister species. However, the clade can not be defined by any uniquely derived state. On 

the other hand, giving generic status to this lineage will lead to a paraphyletic Notarius-, 

therefore, that action is not backed here. 

Clade 12, the genus Cathorops sensu lato, is a natural group with a very high 

support. It was also identified by Betancvir-R. (2003) and by Marceniuk (2003). Clade 

11, Cathorops sensu stricto, is also a well supported taxon, that appears in both other 

systematic thesis. Clade 10 shows a low bootstrap value. This group is not detected 

molecularly by Betancur-R. (2003) or morphologically by Marceniuk (2003). The 

interspecific relationships of the species of Cathorops sensu stricto are not resolved yet. 

Clade 9, the rounded otolith group, has a relatively low bootstrap value but it is 

well supported by two uniquely derived synapomorphies. This group was not present in 

any other of the systematic work herein analyzed. The clade includes the genera Ariopsis, 

Sciades, Bagre, and Occidentarius, and probably the genus Genidens. As it will be 

discussed later, the molecular phylogenies obtained by Betancur-R. (2003) showed 

incongruent results when dealing with the genus Bagre and its close relative 
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Occidentarius. Marceniuk (2003), on the other hand, did not use the otoliths as a source 

of characters and both uniquely derived states defining clade 9 were taken from the 

lapillus. Nevertheless, a careful reading of his dissertation indicates the existence of at 

least two additional apparently derived states for this clade. 

Clade 8, well supported by a high bootstrap value, does not appear either as a 

natural group in any of the recent systematic work. Since the molecular phylogenies 

found by Betancur-R. (2003) show incongruent results when dealing with the intrageneric 

relationships within Bagre, it should not be surprising that they are unable to detect the 

relationship between that genus and its sister taxa Occidentarius. Marceniuk (2003) 

considered that one of the derived states used to define this clade in this dissertation is 

homoplastic. He includes the only species of Occidentarius, platypogon, in his almost 

circumtropical genus Hexanematichthys. 

Hexanematichthys, described by Bleeker (1858) based on Bagrus sondaicus 

Valenciennes, was diagnosed by Marceniuk (2003) using six putative synapomorphies 

and said to be the richest genus of the family, including 16 species, and the most widely 

distributed sea catfish lineage, occurring in the eastern Pacific, the western Atlantic, the 

eastern Indian, and the western Pacific oceans (Marceniuk, 2003). The first supposedly 

derived state is a fairly long lateral processes of the vomer (Marceniuk's character 12). 

This state is present in all the outgroup species studied by Marceniuk (2003), as well as in 

15 ingroup lineages; therefore, it should be considered synplesiomorphic. The second 

supposedly derived state is a slightly differentiated lateral horn of the lateral ethmoid 

(Marceniuk's character 15). This state, present in most of the outgroup species studied by 
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Marceniuk (2003), is absent from at least three of the species included in 

Hexanematichthys by that author. Therefore, this apparently symplesiomorphic state can 

not be used to define Hexanematichthys sensu Marceniuk (2003). The third supposedly 

derived state is a depressed external posterior branch of the lateral ethmoid (Marceniuk's 

character 18). This state, present in most of the outgroup species studied by Marceniuk 

(2003), is, therefore, clearly synplesiomorphic. The fourth supposedly derived state is a 

highly reduced or absent supratemporal fossa (Marceniuk's character 46). This state is 

present in six catfishes lineages studied by Marceniuk (2003), including three outgroup 

species, but absent in one of the species included in Hexanematichthys by him. The 

available evidence does not allow the recognition of this state as a synapomorphy of the 

genus. The fifth supposedly derived state is an intermediate ear capsule, that is not 

reduced neither inflated (Marceniuk's character 55). Since the presence of inflated ear 

capsules is a synapomorphy of the family Ariidae, it is very difficult to recognize any 

phylogenetic value to a putative intermediate condition that may be homoplastic due, for 

example, to environmental pressure. The last supposedly derived state is a relatively 

short and wide occipital process that tapers posteriorly (Marceniuk's character 61). 

Following Marceniuk (2003), the occipital process exhibits ten states; state three 

(occipital process short, wide, and tapering posteriorly) appears in eight ariid lineages, 

including all but two of the species included by him in Hexanematichthys. Therefore, the 

available evidence does not allow either to accept this as a synapomorphy of this genus. 

Following the results of this dissertation, the genus Hexanematichthys sensu 

Marceniuk (2003) is clearly a non-monophyletic assemblage of sea catfish species. The 
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neotropical species included in this genus by Marceniuk (2003) are representatives of at 

least four different lineages. Marceniuk's (2003) tree presents the eastern Pacific species 

guatemalensis as the sister species of the Indo-Pacific species leptaspis. The evolutionary 

and biogeographic implications of such putative close relationship made its 

understanding highly difficult. In conclusion, the validity of Hexanematichthys sensu 

Marceniuk (2003) as a natural group existing in both Old and New World waters is 

herein rejected. 

Clade 7, the genus Bagre, is one of the neotropical natural groups showing very 

high support. This clade was also proposed by Betancur-R. (2003) and Marceniuk (2003). 

However, the intrageneric relationships within this four-species clade (clades 6 and 5) 

differ completely, depending on the work (Fig. 35). Betancur-R. (2003) always found that 

the eastern Pacific B. pinnimaculatus was the most generalized species and usually found 

that the western Atlantic B. marinus was the most derived species; nevertheless, in some 

cases (maximum parsimony hypotheses of the combined mitochondrial data set and 

Bayesian inference of the nuclear RAG2 data set) B. panamensis appears as the sister 

species to B. marinus, in other (Bayesian inference hypothesis of the combined 

mitochondrial data sets) B. bagre occupies that position in the topologies, and in other 

(maximum parsimony hypothesis of the nuclear RAG2 data set) B. marinus, B. 

panamensis, and B. bagre form an unresolved polytomy. Hillis and Wiens (2000) stated 

that it is common to find in the literature discrepancies between morphological and 

molecular hypothesis when they are weakly supported; however, robust conflicting 

topologies are scarce. On the other hand, Marceniuk (2003) reported B. panamensis as 
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the most generalized species, with the other three species forming an unresolved 

polytomy. Since all of these results are highly incongruent and differ from the 

phylogenetic hypothesis found with the morphological matrix used for this dissertation, 

another approach was taken. Chapter four of this dissertation explores the possibility of 

using morphometric methods to contribute elements to this discussion. 

Clade 4, that joins the species ofAriopsis and Sciades in a natural group, is 

relatively well supported. Betancur-R. (2003) also detects this clade in his molecular 

phylogenies. Marceniuk (2003) results are not very different in the sense that he also 

reports the systematic relationship of those species. However, he included them in his 

almost circuntropical genus Hexanematichthys. 

Clade 3, including three species o^Ariopsis, is relatively low supported. Betancur-

R. (2003) also found this genus as a natural group in his molecular phylogenies. 

Marceniuk (2003), who considered the three species o^Arwpsis members of his almost 

world-wide genus Hexanematichthys, did not present them as a monophyletic subunity of 

that genus. 

Clade 2, relatively low supported, joins two species of Ariopsis, Ariopsis n. sp. 

and A. seemanni. Betancur-R. (2003) presented them as sister species separated by a very 

low genetic distance; this will be discussed in the biogeographic section of this work. 

Marceniuk (2003) did not find evidence of such a close relationships between them. 

Clade 1, including four species of Sciades, shows a high bootstrap support. 

Betancur-R. (2003) also reported this clade as a monophyletic group. Marceniuk (2003), 

who did not study 5. dowii, considered the other three species members of his almost 
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circumtropical genus Hexanematichthys, but forming a monophyletic subgroup, his clade 

135. Such a clade is supported by three putative synapomorphies, following Marceniuk 

(2003). 

SYSTEMATICS 

Figure 36 shows a conservative phylogenetic scheme of the generic and 

suprageneric phylogenetic relationships of the American Ariidae and some Old World 

lineages based on the morphological evidence from this dissertation and partially on the 

molecular evidence presented by Betancur-R. (2003). This phylogenetic hypothesis will 

be used to define several American sea catfish natural groups. 

Artificial Key To The Genera Of New World Ariids 
(WA = western Atlantic; EP = eastern Pacific) 

la. Humero-cubital process of cleithrum fused to the inferior crest, forming a fan shaped 

sheet (Figs. 37 and 42) subfamily Galeichthyinae (Galeichthysperuvianus) (EP) 

lb. Humero-cubital process of cleithrum produced and distinct from the inferior crest, 

relatively triangular in shape (Figs. 25 and 26) subfamily Ariinae 2 

2a. One pair of mental barbels (Fig. 31) Bagre (WA, EP) 

2b. Two pairs of mental barbels (Fig. 31) 3 

3a. Gill rakers absent or present on rear surfaces of first two gill arches, if present few 

and confined to upper limb of each arch 4 
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3b. Gill rakers present on rear surfaces of first two gill arches, well developed and 

distributed in upper and lower limbs 12 

4a. Longitudinal fleshy groove in median depression of head absent (Fig. 38) 5 

4b. Longitudinal fleshy groove in median depression of head present (Fig. 38) 10 

5a. A furrow, partially covered by a flap of skin, extending across snout, connecting 

posterior nostrils (Fig. 38) Sciades (in part) (WA, EP) 

5b. No fleshy furrow extending between nostrils (Fig. 38) 6 

6a. Predorsal plate chevron-shaped or crescent-shaped, much shorter than supraoccipital 

process (Fig. 38) Notarius (in part) (WA, EP) 

6b. Predorsal plate enlarged, variously shield shaped, its length more than half of 

supraoccipital process (Fig. 39) 7 

7a. Predorsal plate notched anteriorly; maxillary barbels extending only to pectoral fins 

(Fig. 39) 8 

7b. Predorsal plate without anterior notch; maxillary barbels extending or not beyond 

pectoral fins (Fig. 39) 9 

8a. Total gill rakers on first arch 11-14 Notarius (in part) (WA) 

8b. Total gill rakers on first arch 15-18 Sciades proops (WA) 

9a. Predorsal plate square or hexagonal, shaped like a forward pointing arrow; maxillary 

barbels short, extending only to pectoral fins Notarius troschelii (EP) 

9b. Predorsal plate shield shaped, rounded anteriorly; maxillary barbels long, reaching 

well beyond pectoral fins (Fig. 39) Sciadesparkeri (WA) 
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10a. Palatal tooth patches united, forming an U-shaped patch in fishes larger than 15 cm 

TL (Fig. 40) Occidentarius platypogon (EP) 

10b. Palatal tooth patches medially separated, never in an U-shaped patch (Fig. 

40) 11 

11a. Four prominent rows of spinules over the anterior part of cephalic shield, better 

developed in mature females; total gill rakers on first arch always less than 12 

Cathorops (Cervigonichthys) dasycephalus (EP) 

1 lb. No spinules on the cephalic shield; total gill rakers on first arch always more than 13 

Ariopsis (WA, EP) 

12a. Teeth on palate present, usually molariform, on two well separated patches; anal fin 

rays 19-28 (Fig. 40) Cathorops (Cathorops) (WA, EP) 

12b. Teeth on palate absent or present, if present villiform, some species with palatal 

teeth in several small patches; anal fm rays 14-21 13 

13a. Snout (SN) very long, its length usually longer than the interorbital distance (10) 

(SN/I0=1.0-1.5) (Fig. 41) Potamarius (WA, EP) 

13b. Snout (SN) relatively short, its length always shorter than the interorbital distance 

(10) (SN/10=0.8-0.9) Genidens (WA) 

Subfamily Galeichthyinae New Subfamily 

Diagnosis. This monogeneric branch is diagnosed by the same autapomorphies that 

define the genus Galeichthys. 
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Genus Galeichthys Valenciennes, 1840 

Type species. Galeichthys feliceps Valenciennes, 1840 (Cuvier and Valenciennes, 1840). 

Diagnosis. It is distinguished from the other members of Ariidae by the following two 

uniquely derived states: Supraoccipital process grooved (character 47), and humero-

cubital process of the cleithrum fused to the inferior crest, forming a fan shaped sheet 

(character 54). Marceniuk (2003) proposed another five states that seem to be uniquely 

derived in this genus: Posterior branch of lachrymal short and mesially directed 

(Marceniuk's character 39), supraoccipital process long and narrow along its whole 

extension (Marceniuk's character 61), anterior process of parurohyal present 

(Marceniuk's character 133), first pharyngobranchial absent (Marceniuk's character 150), 

and mesial part of first epibranchial compressed and long (Marceniuk's character 154). 

Some additional generalized characters also separate the genus from the other 

members of the family (Kulongowski, 2001): Supratemporal fossa reduced or absent; 

posterior process of the epioccipital rudimentary, not connected to the diagonal crest of 

the Weberian apparatus; columnar lateral expansions of the basioccipital; subvertebral 

process rudimentary; ventral superficial ossification of the vertebral complex extense and 

mesially open; one supraneural present between the parieto-supraoccipital and the 

predorsal plate; anterodorsal bony block of the orbitosphenoid absent; elastic spring 

mechanism associated to the Weberian apparatus absent. 

Species included. The genus includes four species: Galeichthys n. sp. (Kulongowski, 

2001), G. feliceps Valenciennes, 1840 (southern Angola to Natal, South Africa), G. ater 
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Castelnau, 1861 (northern Namibia to Natal, South Africa), and G. peruvianus (Peru and 

Chile). 

Diagnosis of American species. 

Galeichthys peruvianus Lutken, 1875 (Fig. 42). This, the only American species of the 

subfamily, differs from other Galeichthys in having a head with a narrow and shallow 

dorsomedian groove; a slender caudal peduncle, its length more than twice its depth; 

pointed caudal lobes; GRl A 3-7+9-12 (13-17); Pc 1,10-11; AF 14-18. A marine species 

endemic to middle South America from northern Peru to northern Chile; wrongly 

reported from Mexico by Nelson et al. (2004). Grows to 35 cm TL (Hildebrand, 1946; 

Kailola and Bussing, 1995; Kulongowski, 2001; Chirichigno and Comejo, 2001; 

Robertson and Allen, 2002). 

Subfamily Ariinae Regan, 1911 

Type genus: Arius Valenciennes, 1840. 

Type species: Pimelodus arius Hamilton, 1822 (Fig. 43) (Cuvier and Valenciennes, 

1840). 

Diagnosis. This clade can be distinguished from the other Ariidae subfamily by the 

following six uniquely derived states: Posterior process of the epioccipital produced and 

connected with the diagonal crest of the Weberian apparatus (character 14); lateral 

expansions of the basioccipital similar to stakes (character 18); cone-shaped massive 

subvertebral process (character 19); extended superficial ventral ossification mesially 

closed forming the aortic tunnel (character 31); supraneural fused to the predorsal plate 

(character 49); antero-dorsal bony block of the orbitosphenoid present (character 51). 
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Marceniuk (2003) presented two additional synapomorphies: well differentiated diagonal 

th 
crest related to the neural spine of the 4 vertebra (Marceniuk's character 172), and 

supracarinalis anterior muscle contacting the ventral surface of the posterior process of 

the epioccipital (Marceniuk's character 202). 

Species included: The subfamily Ariinae comprises all the species of the family Ariidae, 

excepting those included in the genus Galeichthys. 

Genus Notarius Gill, 1863 

Type species: Arius grandicassis Valenciennes, 1840 (Gill, 1863). 

Recently used synonyms. Aspistor Jordan & Evermann, 1898, type species Arius 

luniscutis Valenciennes; Sciadeops Fowler, 1944, type species Sciades troschelii Gill, 

1863 (Marceniuk, 2003; Marceniuk and Ferraris, 2003). 

Diagnosis. The genus is defined by a uniquely derived state: Craneal fontanel posteriorly 

limited by the frontals and the parieto-supraoccipital (character 6). Combining Marceniuk 

(2003) diagnosis of Notarius, Aspistor, and his Genero Novo 4, three other 

synapomorphies for the genus may be proposed, all of them homoplastically shared with 

some Old World genera: Posterior part of the craneal fontanel ovate and moderately long 

(Marceniuk's character 32), epiphyseal trabecula thin and long (Marceniuk's character 

34), and tip of subvertebral process pointed (Marceniuk's character 87). Other convergent 

or primitive characters can be used to diagnose the genus: lateral expansions of the 

parasphenoid present; supratemporal fossa developed; wing-like prolongation of the 

anterodorsal branch of the hyomandibula developed; lapillus otolith uncinated, with a 
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moderate antero-infero-mesial protuberance and with a groove in the latero-superior 

margin. 

Comments. The genus Notarius, recently resurrected by Marceniuk and Ferraris (2003), 

was expanded by them to include Arius planiceps Steindachner, Sciades troschelii Gill, 

and Tachisurus lentiginosus Eigermiann and Eigenmann. Following the well supported 

phylogenetic hypothesis presented in Figure 44, which is based on the combined 

mitochondrial data set cyt b and ATPase 8/6 (1937 bp) of Betancur-R. (2003), Notarius is 

herein considered as comprising at least 14 species (Table 3), most of which have been 

previously included in Arius or other genera (e.g. Sciadeops Fowler and Aspistor Jordan 

& Evermann). Furthermore, other neotropical species not sequenced by Betancur-R. 

(2003), such as A. phrygiatus, A. luniscutis, and T. lentiginosus, are likely to be included 

in Notarius. The genus is a taxonomic complex entity and it possibly comprises two 

other eastern Pacific species, which have not yet been described. 

The monophyly of Notarius is supported by the high bootstrap value (100%) that 

presents the molecular clade when the type species {N. grandicassis) is included 

(Betancur-R., 2003). From Figure 34 it can be clearly seen that Marceniuk (2003) and 

Marceniuk and Ferraris (2003) system includes several non-monophyletic genera. 

Marceniuk (2003) and/or Marceniuk and Ferraris (2003) accepted the genus Aspistor for 

A. luniscutis and A. quadriscutis, included A. cookei, A. neogranatensis, A. phrygiatus, 

and A. rugispinis in Arius, and the remaining species in the polyphyletic genus 

Hexanematichthys. Nevertheless, since Notarius, as defined here, is one of the most 

speciose New World ariid genera, its division in subgenera (e.g. Aspistor, Sciadeops) 
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might be a nomenclatural conservative option to recognize the systematic status of the 

nested lineages. 

Species included. The genus includes at least 14 species from both sides of the American 

continent. 

Notarius biffi Betancur-R. & Acero, 2004 (Fig. 31). Mouth width 9-11% SL; maxillary 

barbels 17-22% SL; distance between anterior nostrils 4.8-5.6 in HL; palatal teeth in 

four patches, the inner pair united medially and longer than wide, the lateral patches 

broader, rounded anteriorly, and with an indentation into which the inner patches fit; 

supraoccipital process triangular, its base subequal to its length; GRl 3^+7-8 (11-12); 

GR2 3-4+7-9 (10-13); Pc 1,10-11; AF 19-21. Marine and brackish waters in the eastern 

Pacific, from El Salvador to Costa Rica. Grows at least to 38 cm TL (Betancur-R. and 

Acero, 2004). 

Notarius bonillai (Miles, 1945). Mouth width 12-16% SL; elongated supraoccipital 

process, broader at base than distally, with sides converging posteriorly, 1.6 to 2.0 times 

longer than wide; body depth 20% SL; GRl 4-5+9-10 (13-15); GR2 4-5+11-12 (15-17); 

Pcl,10-13; AF 19-21. A western Atlantic freshwater species endemic to the large 

Colombian rivers (Atrato and Magdalena) flowing to the southern Caribbean. Grows to 

84.5 cm TL (Acero and Betancur-R., in pressa). 

Notarius cookei (Acero & Betancur-R., 2002) (Fig. 11). Mouth width 14-17% SL; 

elongated supraoccipital process, 1.6 to 1.7 times longer than wide; body depth 17-18%; 

GRl 4-5+8-10 (12-15); GR2 3-5+10-11 (13-16); Pc 1,10-11; AF 17-21. Freshwaters in 
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the eastern Pacific, from Costa Rica to Colombia. Grows to 79 cm TL (Acero and 

Betancur-R., 2002a). 

Notarius grandicassis (Valenciennes, 1840) (Figs. 45 and 46). Predorsal plate a short 

crescent, shorter than supraoccipital process, which is narrower at base than distally; GRl 

4-5+9-11 (13-17); GR2 3-5+11-12 (15-17); Pc 1,11-12; AF 17-18. A marine and brackish 

water western Atlantic species, known from the southern Caribbean (La Guajira, 

Colombia) to Espi'rito Santo (Brasil). Grows to 63 cm TL (Acero, 2002; Meji'a-Ladino et 

al., 2002). 

Notarius insculptus (Jordan & Gilbert, 1882). Epioccipital invading skull surface, 

forming with the supraoccipital a complex process, supraoccipital process length 0.7-0.9 

in its base; mouth width 12-14% SL; maxillary barbels length 27-30% SL; GRl 3+8-9; 

GR2 3-4+7-9 (11-13); Pc 1,11; AF 20-21. Marine waters in the eastern Pacific, apparently 

endemic to Panama. Grows at least to 32.5 cm TL (Betancur-R. and Acero, 2004). 

Notarius kessleri (Steindachner, 1877) (Fig. 7). Mouth width 13-14% SL; palatal teeth in 

four patches, the irmer pair usually united medially; supraoccipital process triangular, its 

base slightly shorter than its length; GRl 3-4+7-9 (11-13); GR2 3-6+9-10 (13-15); Pc 

1,10-11; AF 17-21. Marine and brackish waters in the eastern Pacific, from Sinaloa 

(Mexico) to northern Peru. Grows at least to 45 cm TL (Kailola and Bussing, 1995; 

Chirichigno and Comejo, 2001; Robertson and Allen, 2002; Betancur-R. and Acero, 

2004). Wrongly included in Ariopsis by Nelson et al. (2004). 

Notarius lentiginosus (Eigenmann & Eigenmann, 1888). Palatal teeth in two elongate 

strips, not joined across midline; supraoccipital process length 1.7-2.0 its wide; GRl 2-
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3+4-5 (7-8); GR2 1+4-5; Pc 1,8-10; AF 23-28. Marine and brackish waters in the eastern 

Pacific coast of Panama. Grows at least to 38 cm TL (Kailola and Bussing, 1995; 

Robertson and Allen, 2002; Betancur-R. and Acero, 2004). 

Notarius luniscutis (Valenciermes, 1840). Predorsal plate saddle-shaped, shallowly 

notched anteriorly; GRl 5+7-8; GR2 4+8-10; Pc 1,11; AF 19-21. A western Atlantic 

species known from marine and estuarine waters from French Guiana at least to Santos 

(Sao Paulo, Brasil). Grows at least to 1.2 m TL (Puyo, 1949). 

Notarius neogranatensis (Acero & Betancur-R., 2002). Mouth width 14-15% SL; 

supraoccipital process base width 1.1-1.2 in its length; palatal teeth forming a U-shaped 

pattern of four closely adjoined patches, the lateral pair largest and subtriangular; GRl 

4+9-10; GR2 3-4+10-11; Pc 1,11; AF 18-19. Brackish waters in the western Atlantic, 

endemic to the southern Caribbean (Colombia). Grows at least to 36 cm TL (Acero and 

Betancur-R., 2002b). 

Notarius phrygiatus (Valenciermes, 1840). Predorsal plate crescent-shaped, shorter than 

supraoccipital process, which is broader at base than distally; palatal teeth villiform, in 

two small rounded to elliptical patches widely separated from each other; GRl 12-15; 

GR2 13-16; Pc 1,10-11; free vertebrae 46-47. A brackish and freshwater western Atlantic 

species, known from the northeastern coast of South America, from eastern Venezuela to 

the mouth of the Amazon (Brasil). Grows to 30 cm TL (Acero, 2002). 

Notariusplaniceps (Steindachner, 1877). Mouth width 8-11% SL; maxillary barbels 22-

26% SL; supraoccipital process length about 1.3 its width; GRl 2-3+6-7 (8-10); GR2 2-

3+6-8 (8-11); Pc 1,10-12; AF 17-22. Marine and brackish waters in the eastern Pacific, 
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from southern Baja California to Ecuador. Grows at least to 59 cm TL (Kailola and 

Bussing, 1995; Robertson and Allen, 2002; Betancur-R. and Acero, 2004). Wrongly 

included in Ariopsis by Nelson et al. (2004). 

Notarius quadriscutis (Valencieimes, 1840) (Fig. 46). Predorsal plate large and saddle-

shaped, larger than supraoccipital process; GRl 11-14; GR2 13; Pc 1,11; AF 18-19. A 

marine and brackish water western Atlantic species, known from the northeastern coast 

of South America, from eastern Venezuela to Brasil. Grows to 50 cm TL (Acero, 2002). 

Notarius rugispinis (Valencieimes, 1840). Predorsal plate crescent-shaped, shorter than 

supraoccipital process, which is broader at base than distally; teeth on palate villiform in 

two small rounded to elliptical patches widely separated from each other (Fig. 56); GRl 

14-17; GR2 16-20; Pc 1,11-12; AF 18-20; free vertebrae 48-51. A brackish water western 

Atlantic species, known from eastern Venezuela (Golfo de Paria) to the mouth of the 

Amazon (Brasil). Grows to 45 cm TL (Acero, 2002). 

Notarius troschelii (Gill, 1863) (Fig. 47). Predorsal plate large, square or hexagonal, 

shaped like a forward pointing arrow; GRl 4-7+7-10; Pc 1,10-12; AF 17-19. Marine and 

brackish waters in the eastern Pacific, from Mazatlan (Mexico) to Paita (Peru). Grows at 

least to 52 cm TL (Kailola and Bussing, 1995; Chirichigno and Comejo, 2001; Robertson 

and Allen, 2002). Included in Sciadeops by Nelson et al. (2004). 

Genus Cathorops Jordan & Gilbert, 1883 

Type species: Arius hypophthalmus Steindachner 1875, as a subgenus oiArius (Jordan 

and Gilbert, 1883). 
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Diagnosis. The genus is defined by the following eleven uniquely derived states: Lateral 

ethmoids thin (character 1); fenestra between the mesethmoid and the lateral ethmoid 

present (character 3); mesial suture between the extrascapula and the parieto-

supraoccipital parallel to the mesial axis (character 8); posterior projection of the 

epioccipital wide with the mesial border elevated forming a crest (character 15); lower 

branch of the posttemporo-supracleithrum depressed (character 16); mesial branch of the 

posttemporo-supracleithrum equal to or larger than the lateral branch (character 17); 

lateral expansions of the basioccipital as elongated stakes (character 18); anterior crest in 

the subvertebral process (character 21); dentary with a posterior expansion (character 24); 

mesial crest of the sustentaculum of the Weberian apparatus moderate (character 30); 

transversal crest of the horizontal sheat of the cleithrum flat (character 34). 

Marceniuk (2003) presented ten other apparent synapomorphies of the genus 

Cathorops: Posterior branches of the mesethmoid thin and parallel (Marceniuk's 

characters 6 and 7); extrascapular subtriangular (Marceniuk's character 45); space 

between the transcapular process and the ear capsule highly reduced (Marceniuk's 

character 53); ear capsules slightly differentiated (Marceniuk's character 54); bony crest 

relating the exoccipital to the basioccipital bended over the vertebral complex 

(Marceniuk's character 66); opening of the aortic channel carved at base of supraoccipital 

process (Marceniuk's character 83); tip of subvertebral process spatulated (Marceniuk's 

character 87); anterior margin of opercle straight (Marceniuk's character 108); posterior 

margin of interopercle angulate (Marceniuk's character 110). 
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Comments. Arius dasycephalus Giinther shows a strong affinity to the species included in 

Cathorops by Marceniuk (1997), but simultaneously lack many of the numerous derived 

characters of that genus. A solution to this problem was adopted by Marceniuk (2003) 

and Marceniuk and Ferraris (2003) who considered dasycephalus ]XLSX another species of 

Cathorops. Herein the basal position of dasycephalus is emphasized, including it in a 

monotypic subgenus. 

Subgenus Cervigonichthys new subgenus 

Type species: Arius dasycephalus Giinther, 1864. 

Diagnosis. This monotypic branch of the genus Cathorops is diagnosed by an 

autapomorphy of its only species, C. dasycephalus: presence of bony spinulations over 

the posterior branch of the mesethmoid, the posterior branch of the lateral ethmoids, and 

the anterior part of the frontals. Such ornamentation is expressed as four prominent rows 

over the anterior part of cephalic shield, the spinules better developed in mature females. 

Marceniuk (2003) presented another derived state of C. (Cervigonichthys) dasycephalus-. 

First pharyngobranchial shaped as a wide and flat sheet (Marceniuk's character 151). 

Etymology. The subgenus is named to honor Fernando Cervigon, for his enormous 

contribution to the knowledge of Caribbean and Atlantic fishes. 

Species included. This subgenus in monotypic, including only C. (Cervigonichthys) 

dasycephalus (Giinther, 1864), known from marine and brackish waters in the eastern 

Pacific, from central Mexico (Nayarit) to Colombia. It can be also separated by: Palatal 

teeth in four patches, the irmer patches well separated at midline and continuous with 

slightly larger and narrowly ovate outer patches. GRl 1-4+5-8 (7-11); GR2 3-4+6-10 
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(10-14); Pc 1,9-11; AF 18-23. Grows at least to 29 cm TL (Kailola and Bussing, 1995; 

Robertson and Allen, 2002). Wrongly included in Ariopsis by Nelson et al. (2004). 

Comments. The only species included in this clade is closely related to those included in 

Cathorops sensu stricto. However, Cathorops sensu stricto is a very well defined clade 

with at least three uniquely derived states; therefore, it is considered that the most 

appropiate nomenclatural decision is to include dasycephalus in Cathorops, but 

indicating clearly that it does not present most of the derived conditions shared by the 

other species of the genus. 

Subgenus Cathorops Jordan & Gilbert, 1883 

Diagnosis. The subgenus Cathorops is diagnosed by the following three uniquely derived 

states: Fenestra between the mesethmoid and the lateral ethmoid well developed 

(character 3), temporal fossetes mostly bordered by the extrascapula (character 10), and 

cardinal veins lateral to the aortic chanel (character 32). Marceniuk (2003) presented 

another apparent uniquely derived condition of the subgenus Cathorops : Ventral 

superficial ossification convex (Marceniuk's character 81),. 

Species included. The subgenus Cathorops is endemic to the New World and includes at 

least 13 valid species. However, due to their small size and relatively reduced 

geographich ranges, additional valid species may exist. 

Cathorops agassizii (Eigeimiarm & Eigenmann, 1888). Maxillary barbels 27-47% SL; 

eye diameter 4-6% SL; supraoccipital process length 9-14% SL; dorsal-fin spine length 

17-22% SL; GRl 6-7+11-14 (17-20); GR2 5-7+11-13 (17-19); Pc 1,9-10; AF 22-23. 



84 

Brackish waters in the western Atlantic, known from Guyana to Brasil (Parana). Grows at 

least to 22 cm TL (Marceniuk, 1997; Marceniuk and Ferraris, 2003). 

Cathorops aguadulce (Meek, 1904). GRl 5-6+9-10 (14-16); GR2 4-6+8-10 (13-16); Pc 

1,9-11; AF 20-22. Freshwaters and estuaries of rivers running to the western Atlantic, 

endemic to southern Mexico (Ri'o Papaloapam) and Guatemala (Lago Yzabal). Grows at 

least to 26 cm TL (Marceniuk, 1997; Marceniuk and Ferraris, 2003). 

Cathorops arenatus (Valencieimes, 1840). GRl 6-8+11-14 (17-22); GR2 4-7+11-14 (16-

20); Pc 1,9-10; AF 21-24. Atlantic coastal rivers from Guyana to northeastern Brazil. 

Grows at least to 25 cm SL (Marceniuk, 1997; Marceniuk and Ferraris, 2003). 

Cathorops fuerthii (Steindachner, 1877). Length of anal-fin base 17-19% SL; GRl 4-

7+9-12; GR2 4-6+10-12 (15-17); Pc 1,10-12; AF 22-25. Marine, brackish and freshwaters 

in the eastern Pacific, from central Mexico to Panama. Grows to 35 cm TL (Marceniuk, 

1997; Marceniuk and Ferraris, 2003). 

Cathorops hypophthalmus (Steindachner, 1877) (Fig. 48). Eye position relatively low, 

opposite comer of mouth; GRl 10-12+27-30 (37-40); GR2 9-10+28-30 (37-40); Pc 1,10-

11; AF 21-23 Marine, brackish and freshwaters in the eastern Pacific, from Costa Rica 

and Panama. Grows to 35 cm TL (Kailola and Bussing, 1995; Marceniuk, 1997; 

Robertson and Allen, 2002). 

Cathorops mapale Betancur-R. «fe Acero, in press (Figs. 1, 2 and 4). Maxillary barbels 

28-39% SL. GRl 5-8+13-16 (19-24); GR2 5-6+13-15 (18-21); Pc 1,10-11; AF 20-25. A 

marine and brackish water western Atlantic species known from the western and southern 

Caribbean (Mexico to Colombia). Grows to 31 cm TL (Betancur-R. and Acero, in press). 
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Cathorops melanopus (Giinther, 1864). Dorsal-fm spine length 17-21% SL; GRl 5+11-

12; GR2 4-5+11-12 (15-17); Pc 1,9-10; AF 19-20. Freshwaters and estuaries of rivers 

running to the western Atlantic, endemic to eastern Central America (from the central 

Gulf of Mexico to Guatemala). Grows at least to 23 cm SL (Marceniuk, 1997). 

Cathorops multiradiatus (Giinther, 1864) (Fig. 49). Maxillary barbels length 23-28% SL. 

GRl 5-7+10-14 (16-20); GR2 4-6+10-14 (15-19); Pc 1,10-11; AF 24-28. Marine, 

brackish and freshwaters in the eastern Pacific, from El Salvador to Paita (Peru). Grows 

to 34 cm TL (Kailola and Bussing, 1995; Marceniuk, 1997; Chirichigno and Comejo, 

2001; Robertson and Allen, 2002). 

Cathorops n. sp. Acero & Betancur-R., in press. Maxillary barbels length 28-38% SL; 

GRl 5+8-11; GR2 4-6+10-12 (15-18); Pc 1,10; AF 24-27. Marine and brackish waters in 

the eastern Pacific, endemic to Colombia. Grows at least to 23 cm TL (Marceniuk, 1997; 

Acero and Betancur-R., in pressb). 

Cathorops spixii (Agassiz, 1829). Maxillary barbels length 21-62% SL; eye diameter 10-

14.5% SL; supraoccipital process 10-15% SL; dorsal-fm spine length 18-25% SL; GRl 

5-8+11-14 (17-21); GR2 4-7+11-14 (15-20); Pc 1,9-10; AF 22-25. Marine, brackish and 

freshwaters in the western Atlantic, from the southern Caribbean (eastern Venezuela) to 

Brasil (Rio de Janeiro). Grows to 30 cm TL (Marceniuk, 1997). Wrongly reported from 

Mexico by Nelson et al. (2004). 

Cathorops steindachneri (Gilbert & Starks, 1904). GRl 5-7+11-13; Pc 1,10; AF 22-23. 

Marine, brackish and freshwaters in the eastern Pacific, known with certainty only from 
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Panama. Grows to 36 cm TL (Kailola and Bussing, 1995; Marceniuk, 1997; Robertson 

and Allen, 2002). 

Cathorops taylori (Hildebrand, 1925). GRl 7+11-12; Pc 1,10; AF 22-23. Brackish and 

freshwaters in the eastern Pacific, from southern Mexico to at least El Salvador. Grows to 

36 cm TL (Robertson and Allen, 2002). 

Cathorops tuyra (Meek & Hildebrand, 1923). Maxillary barbels length 25.5-32% SL; 

palatal teeth large; GRl 5-8+13-15 (18-22); GR2 5-7+10-14 (15-21); Pc 1,10-11; AF 19-

22. Marine, brackish and freshwaters in the eastern Pacific, from Costa Rica to northern 

Peru. Grows to 30 cm TL (Kailola and Bussing, 1995; Marceniuk, 1997; Chirichigno and 

Comejo, 2001; Robertson and Allen, 2002). 

Tribe Ariopsini New Tribe 

Type genus: Ariopsis Gill, 1861. 

Diagnosis. This new tribe is diagnosed by two vmiquely derived character, both from the 

lapillus otolith: Lapillus clearly rovmded (character 39), and with an antero-infero-medial 

protuberance of the lapillus otolith present (character 41). From Marceniuk (2003) other 

putative synapomorphy of the tribe can be extracted: Opening of the aortic channel 

somewhat at front of the sub vertebral process (Marceniuk's character 83). 

Comments. The vmiquely derived states of the lapillus otolith clearly separates this clade 

from the other sea catfishes studied. Marceniuk (2003), who ignored the lapillus in his 

work, erected a new subfamily for the genus Bagre and scattered the other neotropical 

ariopsinis aroimd his proposed topology. Marceniuk (2003) phylogenetic hypothesis is 

rejected following the conclusions of this dissertation. However, a careful review of his 
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character list reveals the existence of another skeletal state that may also define the tribe 

Ariopsini (Marceniuk's character 83). The state opening of the aortic channel somewhat 

at front of the subvertebral process is, nevertheless, shared by eight Old Word genera 

accepted by Marceniuk (2003), including his Hexanematichthys. The monophyly of the 

neotropical genera is strongly supported; however, the possibility that at least some of 

the Old World genera sharing the derived state discussed by Marceniuk (2003) are also 

ariopsinis should not be ruled out. As it will be discussed in the evolution and 

biogeography section, there is strong difficulty in defining the suprageneric clades of sea 

catfishes. The following logical research step should be the a general study of the otoliths 

of the sea catfishes from all over the world. It should be emphasized that the familiy level 

name Bagrinae proposed by Marceniuk (2003) can not be used for this clade because it is 

homonym of the family level name Bagridae used by Pieter Bleeker in 1858 for an Old 

World clade of catfishes (Mo, 1981). 

The lapillus of some Old World species were examined during this work. The 

lapillus of Arius dussumieri, A. nella and A. tenuispinis [all of them included by 

Marceniuk (2003) in his Genero novo 2], Netuma thalassinus (the four of them from 

Asia), and A. heudelotii (firom the eastern Atlantic) [included by Marceniuk (2003) in his 

Genero novo 2] are similar to those of the Ariopsini. Therefore, those species probably 

might be included in that tribe. However, since this work deals only with the New World 

species such an action is not taken here. Tilak (1964) illustrated the lapillus of 13 Indian 

sea catfishes species. Following his identifications, the species A. sagor 
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(=Hexanematichthys sagor) and A. thalassinus {=Netuma thalassinus) might be 

considered ariopsinis. 

Genus Bagre Cloquet, 1816 

Type species: Silurus bagre Linnaeus, 1766 (Cloquet, 1816) 

Diagnosis. The genus is diagnosed by the following five uniquely derived characters: 

Anterior laminar expansion of the lateral ethmoids present (character 2), mesial process 

of the parurohyal shorter than the lateral processes (character 23), transversal crest 

formed by the articulation between the cleithrum and the scapulo-coracoid rudimentary 

(character 33), posterior dorsal process of the cleithrum ventrally directed (character 35), 

and maxilary barbels flattened in transversal section and internal mental barbels absent 

(character 43). Marceniuk (2003) presented nine other apparently uniquely derived 

conditions of the genus: Posterior branch of the mesethmoid delimiting about half of the 

anterior fontanele (Marceniuk's character 8), lachrymal tube completely distinct from 

frontal and shaped like a three-fingered glove (Marceniuk's characters 27 and 38), 

posterior infraorbital 7-shaped (Marceniuk's character 44), tip of subvertebral process 

rounded (Marceniuk's character 87), maxilar condiles large (Marceniuk's character 89), 

maxilar thin and long (Marceniuk's character 90), inferior crest of autopalatine present 

(Marceniuk's character 97), and third basibranchial short with anterior portion wide 

(Marceniuk's character 144). 

Comments. As it was already discussed, the intrageneric systematic relationships of 

Bagre have at least two different interpretations. First, the topology obtained using the 

morphological data set indicates that B. bagre and B. pinnimaculatus are the most derived 
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species and each other closest relatives. However, all the topologies got using the 

molecular data sets show a basal B. pinnimaculatus (Betancur-R., 2003). 

Species included. The genus includes four species, equally distributed in both sides of the 

continent. 

Bagre bagre (Litmaeus, 1766) (Fig. 31). Maxillary barbels and filaments of dorsal- and 

pectoral-fm spines flattened, ribbon-like, reaching to or beyond anal fm; GRl 2+6-8; AF 

29-37. A marine western Atlantic species, known from the southern Caribbean 

(Colombia) to southern Brasil. Reaches to 55 cm TL (Acero, 2002). 

Bagre marinus (Mitchill, 1815) (Fig. 9). Maxillary barbels not reaching to anal fm; dorsal 

spine with filament; GRl 3+6-8; GR2 2-4+7-10 (9-14); Pc 1,11-14; AF 21-28. A marine 

western Atlantic species, known from the United States (Cape Cod) to Brasil, including 

the Gulf of Mexico, the continental Caribbean, and western Cuba. Reported to reach 1 m, 

common to 60 cm (McEachran and Fechhelm, 1998; Acero, 2002). 

Bagre panamensis (Gill, 1863) (Fig. 5). Maxillary barbels not reaching to anal fm; dorsal 

spine without filament; GRl 5-7+12-14; Pc 1,12-13; AF 25-30. A marine eastern Pacific 

species, known from southern California to Islas Lobos de Tierra (Peru). Maximum size 

57 cm (Kailola and Bussing, 1995; Chirichigno and Comejo, 2001; Robertson and Allen, 

2002). 

Bagre pinnimaculatus (Steindachner, 1877) (Fig. 50). Maxillary barbel reaching to 

middle part of anal fm; dorsal spine with elongate filament; GRl 1-2+3-6; Pc 1,13-14; AF 

27-32. A marine and brackish water species, known in the eastern Pacific from the 
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northern Gulf of California to Salaverry (Peru). Maximum size 70 cm (Kailola and 

Bussing, 1995; Chirichigno and Comejo, 2001; Robertson and Allen, 2002). 

Genus Occidentarius New Genus 

Type species: Ariusplatypogon Giinther, 1864. 

Diagnosis. This monotypic genus is based on the following three autapomorphies of 

Arius platypogon: Extraordinary development of the anterior cavities of the lateral 

ethmoids where the olfactory bulb is housed; bony excrecense of the posterior branch of 

the lateral ethmoids prominent, completely closing the lateral fenestra (Fig. 51); 

basioccipital with a laminar bony crest bordering the anterior foramen of the dorsal aorta 

(Fig. 51). 

Etymology. Because this monotypic clade of sea catfishes is endemic to the eastern 

Pacific, the western most region occupied by the ariids, the name Occidentarius (from the 

latin Occident, meaning west, and Arius, the type genus of the family) is used for this 

genus. 

Species included. The genus is monotypic, including only Occidentarius platypogon. 

Palatal teeth in four patches, the irmer patches much smaller than the triangular outer 

ones (Fig. 40); GRl 4-6+9-10; Pc 1,10-11; AF 17-20. Basically a marine species known 

from the eastern Pacific, from the extreme northern Gulf of California to Paita (Peru). 

Maximum size 45 cm TL (Kailola and Bussing, 1995; Chirichigno and Cornejo, 2001; 

Robertson and Allen, 2002). Nelson et al. (2004) included it wrongly mAriopsis. 

Comments. The situation in the clade Bagre-Occidentarius is somewhat similar to 

Cathorops sensu lato. Nevertheless, since the two synapomorphies shared between Bagre 
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and A. platypogon are osteological, but externally the two lineages seem fairly different, 

it is herein subjectively decided to give Occidentarius full generic status with the aim of 

keeping the distinctiveness of Bagre and stabilizing the scientific nomenclature. It should 

be kept in accoimt that Marceniuk (2003) included platypogon in his polyphyletic 

Hexanematichthys, as the most basal member of that heterogenous assemblage of mainly 

generalized sea catfishes. 

Genus Sciades Muller & Troschel, 1849 

Type species. Bagrus (Sciades) emphysetus Miiller & Troschel, 1849, a junior synonym 

of Silurus parkeri (Traill, 1832), as a subgenus of Bagrus (Miiller and Troschel, 1849; 

Eschmeyer, 1998). 

Recently used synonyms. Selenaspis Bleeker, 1858, type species Silurus herzbergii 

Bloch, 1794 (Marceniuk and Ferraris, 2003). 

Diagnosis. The genus Sciades can be defined by the following uniquely derived 

characters: Anterior laminar expansion of the frontal covering lateral fenestrae (character 

5); granules developed on the dorsal surface of the skull (character 50); antero-dorsal 

bony block of the orbitosphenoid well developed, posterior branch of mesethmoid not 

surpassing its distal tip (character 51). After examining Marceniuk (2003) matrix, it 

seems that the genus may also be diagnosed by the following uniquely derived state: 

Ectopterygoid shaped as a telephone hook (Marceniuk's character 93). 

Comments. This is one of the neotropical genera wrongly included by Marceniuk (2003) 

in his wide-ranging Hexanematichthys. However, a careful revision of Marceniuk (2003) 

data sets shows that Sciades is strictly equivalent to his clade 135, nested within his 



Hexanematichthys. On the other hand, species of Sciades share with Notarius troschelii a 

derived state, the presence of a posterior portion of the supraoccipital process only of 

condral origin and overlapping the predorsal plate (character 48). In the other catfishes 

examined the supraoccipital process is dermally and condrally formed and the predorsal 

plate is not overlapped. The presence of this state in N. troschelii and in Sciades is 

considered homoplasic. The species of Sciades, but S. herzbergii, share with Notarius the 

presence of a wing-like expansion of the parasphenoid (character 13). This state is 

considered derived but homoplasic with reversion to the generalized state in S. 

herzbergii. Finally, S. herzbergii and S. dowi share the presence of a well developed 

dermal furrow partially covered by a flap of skin extending across snout and cormecting 

the posterior nostrils. This feature is also present in two other western Atlantic species of 

Sciades, S. couma and S. passany, but the evolution of the character is not clear. Since the 

different mitochondrial topologies place S. dowii as the most basal species of the genus, 

the lack of a dermal furrow in S. proops and S. parkeri should be probably understood as 

a reversion to the generalized state. 

Species included. The genus includes six species, five from the southern Caribbean and 

northeastern South America to tropical Brasil, the other from the eastern Pacific. 

Sciades couma (Valenciermes, 1840). Supraoccipital process slightly rounded, not keeled; 

predorsal plate subshield-shaped; palatal teeth in a U-shaped patch (Fig. 62); GR2 17-21; 

Pc 1,11. A brackish and freshwater western Atlantic species, known from Venezuela 

(Golfo de Paria) to the mouth of the Amazon (Brasil). Grows at least to 1 m TL (Acero, 
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Sciades dowii (Gill, 1863) (Fig. 13). GRl 7-9+15-17; Pc 1,10; AF 17-21. Brackish and 

freshwaters in the eastern Pacific, from southern Mexico to Ecuador. Grows at least to 90 

cm TL (Kailola and Bussing, 1995; Robertson and Allen, 2002). Nelson et al. (2004) 

used the name hymenorhinus (Bleeker, 1862) for this species; however, since the 

holotype was probably from Surinam (Eschmeyer, 1998) the name dowii is preferred 

here. 

Sciades herzbergii (Bloch, 1794) (Fig. 53). Supraoccipital process slightly keeled; 

predorsal plate crescent-shaped; palatal teeth in a U-shaped patch; GRl 6-7+ 13; GR2 19-

26; Pc 1,10-11; AF 18-19. A marine, brackish and freshwater western Atlantic species 

known from the Caribbean (Colombia) at least to Fortalefa (Brasil). Grows to 55 cm TL 

(Acero, 2002). 

Sciades passany (Valenciennes, 1840). Palatal teeth forming a narrow and straight 

transverse band (Fig. 62); GRl 19-21; Pc 1,11-12. A marine and brackish waters western 

Atlantic species knovm from northeastern South America, from Venezuela (Golfo de 

Paria) to the mouth of the Amazon (Brasil). Grows at least to 1 m TL (Acero, 2002). 

Sciadesparkeri (Traill, 1832) (Figs. 39 and 52). Maxillary barbels long, passing well 

beyond pectoral-fm base; predorsal plate large, shield-shaped; GRl 15-17; Pc 1,11-12; 

AF 19. A brackish and freshwater western Atlantic species known from Venezuela 

(Golfo de Paria) to northern Brasil. Grows to 150 cm SL; common to 60 cm TL (Acero, 

2002). 

Sciades proops (Valenciennes, 1840) (Figs. 8 and 52). Maxillary barbels short, reaching 

at most to pectoral-fin base; predorsal plate enlarged, notched anteriorly; GRl 4-6+10-14 
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(14-19); Pc 1,10-11; AF 16-19. A marine, brackish and freshwater western Atlantic 

species known from the southern Caribbean (Golfo de Uraba, Colombia) to northeastern 

South America (Brasil). Grows at least to 1 m TL; common to 60 cm TL (Puyo, 1949; 

Acero, 2002). 

Genus Potamarius Hubbs & Miller, 1960 

Type species. Conorhynchos nelsoni Evermann & Goldsborough, 1902 (Hubbs and 

Miller, 1960). 

Diagnosis. No osteological material was examined, but the genus can be preliminary 

diagnosed by the following states: palatal tooth patches reduced or absent; gill rakers on 

posterior sides of first two gill arches well developed and uniformly distributed along the 

whole arch. Marceniuk (2003) presented other apparent synapomorphies of the species of 

Potamarius: Lateral horn of the lateral ethmoid very long and posteriorly directed 

(Marceniuk's character 17); optical foramen very wide (Marceniuk's character 72); 

interopercle subrectangular (Marceniuk's character 114); lateral process of parurohyal 

free of bony sheet (Marceniuk's character 139). Other features of taxonomic relevance 

are: snout elongated, depressed and narrow; anal fin short and high; fleshy groove in 

median depression of head. 

Species included. This genus, restricted to freshwater, includes two Central American 

species, both from systems opening to the Caribbean, and two South American species, 

one from rivers opening to the western Atlantic and the other from rivers opening to the 

eastern Pacific. 
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Potamarius grandoculis (Steindachner, 1877). GRIA 4+11-12; GRIP 4-5+10-12 (14-

17); GR2A 5+11-13; GR2P 4+10-12; Pc 1,10; AF 20-21. A freshwater South American 

species known from rivers flowing to the western Atlantic in Espirito Santo and Paraiba 

do Sul (Brasil). Grows at least to 35 cm SL. 

Potamarius izabalensis Hubbs & Miller, 1960. GRl 5-7+9-10 (14-16); Pc 1,10; AF 16-

21. A freshwater western Atlantic species known only from Lago Izabal and possibly Rio 

Polochic (Guatemala, Central America). Grows at least to 44 cm TL (Hubbs and Miller, 

1960). 

Potamarius labiatus (Boulenger, 1898). GRIA 6-7+13; GRIP 6-7+13-14 (20); GR2A 5-

7+15; GR2P 4-8+15 (19-23); Pc 1,10; AF 19. A freshwater species known only from 

Ecuadorian rivers running to the Eastern Pacific. 61 cm LT. 

Potamarius nelsoni (Evermarm & Goldsborough, 1902) (Fig. 41). GRl 6-7+10-11(16-

18); Pc 1,9-10; AF 15-20. A freshwater western Atlantic species known only from Rio 

Usumacinta basin in Mexico and Guatemala. Grows at least to 39 cm SL (Hubbs and 

Miller, 1960). 

Genus Ariopsis Gill, 1861 

Type species. Arius milberti Valenciennes, 1840, a junior synonim of Silurus felis 

Linnaeus, 1766 (Gill, 1861; Eschmeyer, 1998). 

Diagnosis. The genus Ariopsis can be diagnosed by two uniquely derived states: 

extrascapula subcircular (character 46), and axial surface of pelvic fins in mature females 

with fleshy protuberances or claspers (character 56). Other features of taxonomic 

relevance are: Outer palatal teeth patches large and obovate, lateroposterior to the inner 
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patches, which are small and rounded; rudimentary gill rakers on posterior surface of the 

first two gill arches; fleshy groove in median depression of head. 

Species included. 

Ariopsis assimilis (Gunther, 1864). GRl 4-5+8-12; GR2 4-5+9-12; Pc 1,9-11; AF 17-20; 

free vertebrae 43-46. A brackish and freshwater western Atlantic species, known from the 

Caribbean coast of Central America from Yucatan (Mexico) to Panama. Grows to 35 cm 

TL (Acero, 2002). 

Ariopsis felis (Linnaeus, 1766) (Fig. 52). GRl 13-16; GR2 13-17; Pc 1,10-11; AF 18-20; 

free vertebrae 46-48. A marine, brackish and freshwater western Atlantic species, known 

from Massachusetts to Yucatan (Mexico). Grows to 70 cm TL; common to 25 cm TL 

(McEachran and Fechhelm, 1998; Acero, 2002). The fossil Felichthys stauroforus from 

the Miocene of Maryland (Lyrm and Melland, 1939) seems to be very close to this 

species. 

Ariopsis guatemalensis (Gtinther, 1864). Fleshy groove scarcely developed; GRl 3-7+11-

14; Pc 1,9-11; AF 16-20. Marine, brackish and freshwaters in the eastern Pacific, from 

Central Mexico to Costa Rica. Grows at least to 45 cm TL (Kailola and Bussing, 1995; 

Robertson and Allen, 2002). 

Ariopsis n. sp. Acero & Betancur-R., in preparation (Figs. 3 and 32). GRIA 5-6+10-15 

(16-20); GRIP 0-5; GR2A 6-8+10-16 (17-24); GR2P 0-6; Pc 1,10; free vertebrae 45-47. 

A brackish and freshwater western species, known only from the southern Caribbean 
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from western Colombia (Golfo de Uraba) to eastern Venezuela (Lago de Maracaibo). 

Grows to 46 cm TL. 

Ariopsis seemanni (Giinther, 1864) (Fig. 12). Fleshy groove well developed, narrow and 

deep; GRl 4-8+9-15 (16-20); GR2 4-7+12-14 (17-21); Pc 1,9-11; AF 16-20. Marine, 

brackish and freshwaters in the eastern Pacific, from the southern Gulf of California to 

Talara (Peru). Grows at least to 35 cm TL (Kailola and Bussing, 1995; Chirichigno and 

Comejo, 2001; Robertson and Allen, 2002). 

Genus Genidens Castelnau, 1855 

Type species. Bagrus genidens Valenciennes, 1840 (Castelnau, 1855). 

Diagnosis. This genus may be defined based on the following two derived states 

presented by Marceniuk (2003): Posterior process of exoccipital suturated to basioccipital 

forming a cover for the Mullerian ramus (Marceniuk's character 68), and lateral margins 

of the orbitosphenoid diverging anteriorly (Marceniuk's character 70). 

Comments. As it can be seen in Figure 6 of Higuchi et al. (1982), the lapillus otolith of 

two species of Genidens are typical of the rounded otolith group. Therefore, the 

suprageneric affinities of this genus are surely in that clade. 

Species included. Genidens, as defined by Marceniuk (2003), is a genus endemic to the 

southeastern coast of South America that includes four species. 

Genidens barbus (Lacepede, 1803). Palatal teeth in several small patches; GRl 4-7+9-13 

(13-19); Pc 1,9-11; AF 14-18. A marine and brackish waters western Atlantic species, 

known from eastern Brasil (Bahia) to San Bias (Argentina). Grows to 1.2 m TL (Higuchi 

et al., 1982; Marceniuk and Ferraris, 2003). 



Genidens genidens Valenciennes, 1840. Palatal teeth in several small patches (Fig. 54); 

GRIA 4-5+9-10 (13-15); GRIP 6-8; GR2A 3-5+9-11 (12-16); GR2P 3-5+9-11 (13-16); 

Pc 1,9-11; AF 17-20. A brackish and freshwater western Atlantic species known from 

Maragogipe (Bahia, Brasil) to Argentina. Grows to 35 cm TL. 

Genidens machadoi (Miranda Ribeiro, 1918). GRIA 5-6+12; GRIP 5+11-12; GR2A 4-

5+11-12; GR2P 4+11-12; Pc 1,10-11; AF 17-18. A marine and brackish waters western 

Atlantic and extreme southeastern Pacific species, known from southern South America 

(Rio de Janeiro-Chile). Grows to 80 cm LT (Sielfeld, 1979; Marceniuk and Ferraris, 

2003). 

Genidensplanifrons (Higuchi, Reis & Araujo, 1982). Palatal tooth patches elongate and 

relatively separated (Fig. 54); GRIA 6-12+14-22 (23-33); GRIP 6-8+10-12 (16-19); 

GR2A 9-11+23-24 (32-34); GR2P 8-10+20-23 (30-31); Pc 1,9-11; AF 15-19. A brackish 

and freshwater western Atlantic known only from the Lagoa dos Patos drainage, southern 

Brasil. Grows to 71 cm TL (Higuchi et al., 1982). 

EVOLUTION AND BIOGEOGRAPHY 

Saltwater and Freshwater Confinement Events 

Within the Otophysi clade, only the catfishes include mainly marine families 

(Ariidae and Plotosidae: Baras and Laleye, 2003). There are a few other catfish families 

that may occur in river mouths and estuaries, such as Auchenipteridae, Loricariidae, and 

Pimelodidae, or even venture to coastal marine environments (Aspredinidae) (Ferraris, 

2002a, 2002b, 2002c, 2002d). When this condition (tolerance to salinity) is mapped on 



99 

the phylogenetic hypothesis of Diogo (2004), it may be seen that the state appears, 

apparently independently, in several distantly related branches implying multiple invasive 

events to salty waters. This may indicate also some genetic tendency of the Siluriformes, 

or at least of some of its branches, to withstand salinities higher than freshwater. This 

situation seems to be atypical for aquatic organisms, since many cases of marine 

organisms, invertebrates and fishes, invading freshwater are known (Lee and Bell, 1999; 

Lovejoy and Collette, 2001), but very few cases of the reverse invasions have been 

documented. 

Neotropical ariids show a wide array of preferred habitats. Most species of the 

genera Cathorops, Ariopsis, and Sciades live in brackish environments, moving towards 

more marine waters or uprivers depending on many factors such as food availabity, 

topography and oceanographic conditions (Cervigon, 1991; Marceniuk, 1997; 

McEachran and Fechhelm, 1998; Lucas and Baras, 2001; Acero, 2002; Robertson and 

Allen, 2002). However, some species, such as Galeichthys peruvianus, Occidentarius 

platypogon, and Bagre spp., are mainly marine, occurring primarily in the upper shelf but 

sporadically entering estuaries and river mouths (Cervigon, 1991; McEachran and 

Fechhelm, 1998; Acero, 2002; Robertson and Allen, 2002; Bearez et al., 2003). On the 

other hand, there are several other species usually occurring in freshwater, such as 

Notarius cookei, N. bonillai, Cathorops aguadulce, C. melanopus, and Potamarius spp. 

They may occasionally venture to river mouths and adjacent coastal waters, but, in 

general, they should be seen as secondary freshwater fishes, using Myers (1938) 
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terminology (Hubbs and Miller, 1960; Marceniuk, 1997; Castro-Aguirre et al., 1999; 

Acero, 2002; Acero and Betancur-R., 2002a; Marceniuk and Ferraris, 2003). 

Mapping of biological or ecological conditions on independently obtained 

phylogenies is a valuable technique to track evolutionary tendencies in monophyletic 

groups (Wesneat, 1995; Sullivan et al., 2000; Lovejoy and Collete, 2001). The 

hypothesis of relationships herein presented provides a scheme of the possible events 

leading the species of neotropical ariids to be mainly confined to saltwaters or to 

freshwaters. Such events maybe analyzed as binary characters (mainly marine vs. not 

restricted to marine waters, and mainly freshwater vs. not restricted to freshwaters). 

These analyses would allow one to infer if the restriction to marine environment or to 

fireshwaters is primitive or derived in each case. 

FRESHWATER CONFINEMENT 

Since the phylogenies obtained with cyt i + ATPase 8/6 infered by MP and BI are 

fully resolved and basically coincide with those obtained by morphology (Betancur-R., 

2003), they were used for the analysis of habitat confinement. A strict consensus tree 

between those two phylogenies was computed, changing all the incongruent nodes to 

polytomies and excluding all the Old World taxa (Fig. 55). 

In Figure 55 it can be seen that the optimization of the freshwater preference on 

the topology does not show any conflicting scenarios. The mapped reconstruction implies 

that the trait evolved three times in the New World. This is considered a derived state that 

implies a reversion to the primitive Otophysean state. The three cases are discussed 

below. 
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Notarius cookeilN. bonillau Notarius cookei is known from rivers running to the 

eastern Pacific, from Colombia to Costa Rica; N. bonillai, on the other hand, has been 

collected only in the Atrato and Magdalena rivers, both running from the Colombian 

Andes to the Caribbean. They are sister species, implying a single invasion of freshwater 

with subsequent speciation. It is possible that the origin of both species may be dated at 

least to a post-Panama isthmus rising event connecting both basins. The geological 

evidence showing such a connection is lacking, but the comparatively low values of 

genetic divergence between both species (K2 distances of the combined data sets = 

1.73%) suggest a recent separation. A similar distribution, Pacific/Truando-Atrato has 

been recorded for other fish taxa of marine origin, such as the thalassophrynine toadfish 

genus Daector (Collette, 1973) and the needlefish Strongylura fluviatilis (Lovejoy and 

Collette, 2001; Banford et al., 2004). This repetitive biogeographic pattern may reveal a 

general track (Croizat et al, 1974), implying not only spatial but chronologic coincidence 

among these lineages. 

Potamarius izabalensis/P. nelsoni and Cathorops aguadulce/C. melanopus. 

Both groups of ariines, probably involving two sets of sister species (Hubbs and Miller, 

1960; Marcenivik, 1997), show a relatively similar distribution in Middle America 

hydrographic basins. They occur in the Rio Usumacinta basin between Guatemala and 

Mexico (P. nelsoni and Cathorops spp.), in the Lago Izabal in Guatemala {P. izabalensis, 

Cathorops spp.), and maybe in other adjacent rivers and lakes (Hubbs and Miller, 1960; 

Marceniuk, 1997; Marceniuk and Ferraris, 2003). 
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The Usumacinta basin houses at least other 15 fish species of marine origin, such 

as toadfishes of the genus Batrachoides, halfbeaks of the genus Hyporhamphus, and 

needlefishes of the genus Strongylura (Lovejoy and Collette, 2001). This pattern may 

indicate shared responses to historical events, implying vicariance and isolation of 

brackish/marine taxa in this area, maybe caused by historical changes in sea level. 

Alternatively, it may indicate unique ecological conditions favoring invasions from the 

sea. The Usumacinta basin is rich in eroded carbonate and limestone, which may increase 

ionic concentrations within the system, facilitating physiological adaptation for the 

movement between marine habitats and freshwaters (Lee and Bell, 1999). On the other 

hand, the lack of ecological saturation of primary freshwater organisms in the Central 

American rivers (Hubbs and Miller, 1960) may favor colonization of marine organisms 

that would face reduced competition from primary fishes. An exceptional example of this 

may be the Australian rivers, which are mainly inhabited by fish species of marine origin 

(including sea cafishes and eel-tail catfishes) due to the scarcity of the primary freshwater 

fish fauna, only represented by one species of lung fish and one osteoglossid (Berra, 

2001; Allen etal.,2002). 

Ariids have invaded freshwaters in all the continents where they are found. In 

western Africa is known the case of Arius gigas, a very large species (to 1.65 m) that 

occurs in tropical rivers running to the Gulf of Guinea, western Africa, such as the Volta 

and Niger (Acero and Betancur, in pressc). Ng and Sparks (2003) described Arius 

festinus and A. uncinatus from rivers and lakes of Madagascar. In southern Asia, about 

ten species are known to be confined to the continental and island rivers (Kottelat et al.. 
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Australia have the greatest diversity of freshwater ariids, with almost twenty species, 

including three or four endemic genera, of sea catflshes confined to freshwater 

environments (Allen, 1991; Kailola, 1991, 2000, 2004). 

MARINE PREFERENCE 

The tree obtained from the morphological data set was used for the study of ariid 

restriction to completely marine waters. The results of mapping those cases of strong 

adaptation to marine waters can be seen in Figure 56. The subfamily Galeichthyinae, that 

includes four species, is basically confined to marine waters in the southern tip of Africa 

(Angola to northeastern South Africa) and in the central-western coast of South America 

(Peru to northern Chile). Kulongowski (2001) stated that only Galeichthys feliceps has a 

marine-estuarine occurrence. Considering that the galeichthyines are the plesiomorphic 

branch of the ariids, it may be assumed that the adaptation to fully marine waters is a 

derived state at least as old as the splitting of the family into two lineages. 

The subfamily Ariinae, on the other hand, is widely distributed in the world 

continental shelves, ranging from New Guinea and central-eastern Australia to southern 

California in North America and to Tierra del Fuego in South America. Using 

conservative estimates, the subfamily includes at least 140 species, relatively evenly 

distributed in the New and Old Worlds. The species richness and distribution of the 

subfamily may be seen from two different points of view: as catfishes and as marine 

fishes. As members of the order Siluriformes, ariines are a very successful clade. Other 



104 

than the explosively speciated suckermouth armored catfishes (Loricariidae, with about 

800 species), the five next richest freshwater feimilies of siluriforms (Callichthyidae, 

Trichomycteridae, Heptapteridae, Bagridae, and Mochokidae) include between 120 and 

250 species each (Acero, 2003; Teugels, 2003); on the other hand, ariine distribution in 

all the tropical and subtropical continental shores is the widest of any catfish clade. As 

tropical marine fishes, the relative success of the ariines is worth comparing with the 

Percoidei, an assemblage of about 70 families. That suborder, similar in number of 

species to catfishes, includes very rich and world wide distributed families such as the 

groupers (Serranidae) and drums (Sciaenidae), with more that 300 species each (Nelson, 

1994). The next rich and globally distributed marine families, Apogonidae, Haemulidae, 

Carangidae, and Lutjanidae, include something between 100 and 150 species (Nelson, 

1994). Therefore, the sea catfishes relative evolutionary success might be considered high 

by any comparison standard. 

Some factors, acting combined, may help to explain the successful establishment 

and permanence in the tropical marine shelves by the ariine catfishes. They are: the 

mouthbrooding adaptation for reproduction, the well adapted catfish design for benthic 

life, the Weberian apparatus, the forked to very forked caudal fm (they are called fork-

tailed catfishes in Australia), and the robust dorsal and pectoral fin spines. The last 

feature has not been discussed in detail in the literature. The dorsal and pectoral fin spines 

of sea catfishes are usually 15-25% in SL, fairly equivalent to the dorsal and anal fm 

spines of generalized percoids such as groupers, drums, and grunts (Patterson, 1964; 

Gosline, 1971). However, sea catfishes spines are usually thicker than most percoid 
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spines and are heavily armed with pointed serrae; no percoid spine is serrated. Therefore, 

such defensive weapons are probably stronger than their analogous counterpart in 

percoids. 

The ariines include two branches in the neotropics: one to group the genera 

Notarius and Cathorops, the other (tribe Ariopsini) includes the rest of the neotropical 

genera. Since all the Notarius and Cathorops species included in this phylogeny are 

basically highly euryhaline fishes, it may be said that they share a derived character, the 

ability to live in waters of different and variable salinities. At least 25 of the 28 species of 

both genera, listed in Chapter 4, share that feature. Notarius insculptus may be a totally 

marine species, but only five specimens are known of this apparently rare sea catfish. If 

that species is indeed totally marine, it may be speculated that it reverted to the 

plesiomorphic state. 

The tribe Ariopsini is divided in the neotropics in two well supported lineages, 

one for Bagre and Occidentarius, the other for Ariopsis, Sciades, and Potamarius. The 

Bagre-Occidentarius lineage is basically marine, that is, they have retained the 

apparently plesiomorphic state. The lineage of Ariopsis-Sciades-Potamarius groups 

highly euryhaline sea catfishes (Ariopsis and Sciades) and a totally freshwater genus 

{Potamarius). Hence, Ariopsis and Sciades share with Cathorops and Notarius the ability 

of living in waters with highly variable salinity. 

Biogeography and Evolution of the Main Lineages 

Because the order Siluriformes was already highly diversified during the 

Cretaceous (Gayet and Meunier, 2003), it probably originated during the Early 
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Cretaceous (Diogo, 2004) or even in the Jurassic (Hardman, 2002). The oldest known 

catfish fossils are at least 72 my (Lundberg, 1992; Gayet and Meunier, 2003). Hardman 

(2002) proposed that the family Ictaluridae, endemic to North America, may be the sister 

group to the Ariidae, which may explain the origin of the North American catfishes 

through a secondary invasion of freshwaters from the sea. Taking into account the 

circumtropical distribution of the ariids in the continental shelves, their supposed inability 

to disperse through the open ocean, and the abundance of ariid fossils from the Late 

Cretaceous, it is probable that they appeared well before the final breakage of Gondwana 

that happened at least 84 mya (Lundberg, 1993). Following Diogo (2004) hypothesis of 

catfish families relationships, all the other families of the clade that includes ariids inhabit 

nowadays Africa or Asia. Moreover, the sister family of Ariidae, Claroteidae, is known 

only from Africa. Therefore, it is appealing to speculate that the sea catfishes originated 

and entered the sea in the eastern shore of Gondwanaland. 

SUBFAMILY GALEICHTHYINAE 

A hypothesis to explain the widely disjunct distribution of the galeichthyines is 

proposed here. If the galeichthyine ancestor entered the sea between the Kimmeridgian, 

Late Jurassic (153 Mya), and the Aptian, Early Cretaceous (120 Mya) (Fig. 57), in the 

embayment formed at southern Gondwanaland by the southern tips of Africa and South 

America and the Antarctica. This would explain, at least in part, the presence of three of 

the four living galeichthyine species in South Africa (Kulongowski, 2001). It is important 

to keep in mind that the Antarctic convergence became established only 37 Mya (Veevers 

and Ettriem, 1988). Cione et al. (1996) compared sea catfish spines from the Miocene of 



107 

Argentina to those of seven southern Atlantic sea catfish species, concluding that they 

were not conspecific to any of them. Therefore, it may be possible that those spines are 

galeichthyine remains. 

If the galeichthyines were able to reach the western coast of Gondwana (today the 

eastern Pacific) by this way, they may have been forced to migrate northward due to the 

cooling down of southern South America, reaching finally the coast of Peru. This may be 

a parsimonious explanation for the apparently anomalous distribution of the 

galeichthyines. Alternatively, they may have dispersed north of the Equator, but this 

would imply an ancestral tropical distribution as well as the extinction of the lineage in 

the east coast of tropical America; there is no evidence of any of those situations 

(Aguilera, 1994; Nolf and Aguilera, 1998; Aguilera and Rodriguez de Aguilera, 

unpublished manuscript). 

This hypothesis proposes, therefore, that the family Ariidae is at least 120 my old. 

Such an age does not disagree with the recent arguments of authors such as Hardman 

(2003) and Diogo (2004). 

SUBFAMILY ARIINAE 

On the other hand, the subfamily Ariinae may have dispersed by the Tethyan sea 

way, occupying in that way the tropical coasts of all continents. It is possible that the 

cladogenic events that originated the main ariine lineages occurred in a short time period, 

before their last geographic separation, that should go back at least to the Miocene when 

the Tethys Sea way finally closed (Bellwood and Wainwright, 2002), i.e., ariine lineages 

may have radiated relatively rapidly. This may simultaneously explain why the New 
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World ariines do not appear monophyletic in any hypothesis (Betancur-R., 2003; 

Marceniuk, 2003; this dissertation) and why apparently there are not genus-level clades 

common to the Old and the New Worlds. For example, ariid fossils of Eocene origin, 

fairly similar to Recent lineages, have been widely reported (Rao, 1956; Gayet and 

Meunier, 2003, and references cited in it). Giving that, it seems improbable that the 

relatively poor intergeneric ariine resolution will increase even including additional 

molecular data (Betancur-R., 2003). However, a line of research that may lead to a better 

interpretation of the evolutionary history of the ariine lineages may be the detailed 

morphological study of the otoliths. Those structures proved to be the only ones showing 

important and conclusive results that allowed the discovery of the existence of the 

ariopsin lineage. It is possible that a worldwide study of the lapillus and other otoliths 

may contribute to the goal of defining sea catfishes clades at a global scale. 

When the maximum reported sizes of all the American ariine species, as members 

of a given genus, are graphically represented (Fig. 58), a clear pattern can be seen. The 

majority (24 of 28) of the species included in the most speciose genera, Cathorops and 

Notarius, are smaller than 55 cm TL. On the other hand, 19 of the 24 species included in 

the six genera of the tribe Ariopsini, assuming that Potamarius and Genidens are also 

ariopsins, are larger than 45 cm. Simultaneously, if the distributions of those two ariine 

branches are drawn over a map of the New World (Figure 59), it can be seen that on both 

American coasts, north and south, the species with a wider distribution are members of 

the tribe Ariopsini. The only species getting to the Gulf of Mexico, the southern 

California, the northern Gulf of California, the southeastern Atlantic coasts, from 
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southern Brasil to Argentina, and central Peru are ariopsins. In Peru the pattern is not as 

strong as in the other extreme localities. The two eastern Pacific species of Bagre are the 

two ariines getting south of the Panamic Province (Hastings, 2000) in western South 

America: B. panamensis extends to Isla Lobos de Tierra (6° 28' S, 80° 50' W) and B. 

pinnimaculatus gets to Salaverry (8° 14' S, 79° 00' W) (Chirichigno and Comejo, 2001). 

None of the no-ariopsin Eastern Pacific sea catfishes gets south of Paita (5° 05' S, 81° 07' 

W) (Chirichigno and Cornejo, 2001). The marked influence of the powerful and cold 

Humboldt or Peru Current on the ecological and biogeographic conditions of the 

Peruvian shelf should be considered when interpreting the distribution of any tropical 

species in western South America. Therefore, it may be speculated that the ariopsins 

share the tendency to reach relatively large sizes, which is probably a derived trait of the 

clade, and of dispersing beyond fully tropical waters, which would be shared with the 

galeichthyines. 

Species richness of sea catfishes in the neotropics is concentrated in the Southern 

Caribbean-northern Brasilian coast [Golfo de Uraba (mouth of the Ri'o Atrato) to the 

mouth of the Amazon] in the western Atlantic (Acero, 2002), and in the Panamic 

province, between the southern Golfo de Fonseca (Honduras) to the southern Golfo de 

Guayaquil (Peru) (Hastings, 2000), in the EP (Robertson and Allen, 2002). Since those 

two provinces were joined until 3.2 mya, before the final closure of the Panama isthmus 

in the Pliocene, it would be natural that they share several genera. Five of the eight ariine 

neotropical lineages considered valid in this dissertation exist in the two provinces. 
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Recent Events of Transisthmian Speciation 

Recent events of transisthmian speciation are hypothesized based on 

morphological, including morphometric, and molecular evidences, using the recovered 

topologies of the terminal clades. The genera involved in this scenario are Bagre, 

Notarius, Cathorops, and Ariopsis. 

Bagre 
Nolf (1976), working on the fossil otoliths from the island of Trinidad, reported 

the presence of a species close to Arius (=Ariopsis) felis in the limit between the Miocene 

and the Pliocene (Springvale formation) and of Selenaspis (=Sciades) herzbergii from 

the Middle Miocene (Manzanilla formation). On the other hand, Lynn and Melland 

(1939) described Felichthys stauroforus from the Miocene of Maryland; that fossil 

species is clearly congeneric, probably conspecific, to A. felis. Therefore, those taxa 

existed at least since 12 mya (but maybe since 15 mya or more). Following the cladistic 

paradigm (Lundberg, 1993), that the minimum age of a given taxon is that of its sister 

group, the genus Bagre (plus O. platypogon) is at least 12 my old, probably more, that is, 

it goes back at least to the Middle Miocene, maybe to the Oligocene or even older. 

Duque-Caro (1990) proposed a paleoceanographic and paleobiogeographic 

evolution model of the Panamian isthmus based on stratigraphic and foraminiferan 

biostratigraphic evidence (Fig. 60). Following Duque-Caro (1990), before the Middle 

Miocene, about 16 mya, the main conditions along the South American northwestern 

continental margins were deep ocean, with free and active circulation of well oxygenated 

waters. Then, during the Miocene NH2 gap (16.1-15.1 mya), and as consequence of the 

tectonic perturbations causing the initial rising of the Panama isthmus, there were 
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regional changes in bottom circulation and sedimentation, which may be recognized in 

the northern South American Pacific and Caribbean waters. The resulting conditions, 

such as oxygen poor, organic nutrient rich waters, and general warming of the equatorial 

surface waters, prevailed during most of the Middle Miocene. Even during the Middle 

Miocene (15.1-12.9 mya), there was an open connection of middle to shallow waters 

between the western Atlantic and the eastern Pacific. The benthic faunas were common 

and there was a total isolation between the North and South American terrestrial 

vertebrate faunas. Later, between 12.9-11.8 mya, still in the Middle Miocene, the first 

partial rising of the Panamian isthmus with the consequent partial interruption of the 

Atlantic-Pacific flow occurred. The cormection of intermediate waters was also closed 

and, simultaneously, a strong advance of the cold California current and a dropping of the 

sea level occurred. 

Following Duque-Caro (1990), around the Middle to Late Miocene (11.8-7 mya) 

the shallow connection was reopened, but it was interrupted by the strong presence of the 

cold California current. The bottom conditions were anoxic with rising and lowering of 

the sea level. Califomian faunistic affinities began to occur in the tropical eastern Pacific 

and, between 9.3-8 mya, there was the first terrestrial faunal exchange between the two 

continents (Marshall and Sempere, 1993). In the Late Miocene (7-6.3 Ma), the isthmus 

rose to depths shallower than 150 m, interrupting the deep water connection. The flow of 

Caribbean warm waters to the Pacific was restablished, reducing the influence of the cold 

California current in the region. Between the late Miocene and the early Pliocene (6.3-3.7 

mya) there was a restriction of the shallow passage between the Atlantic and the Pacific, 
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with anoxic bottoms and a new rising of the sea level. Finally, during the Early Pliocene 

(3.7-3.1 mya) the rising and emergence of the Panama isthmus was completed, closing 

totally the passage of shallow waters between the western Atlantic and the eastern 

Pacific. This interrupted exchange among the oceans, but initiated the exchange of 

terrestrial faunas between North and South America. 

The morphologically based phylogenetic hypothesis proposed in this dissertation 

for the genus Bagre (Figs. 35 and 61) may be matched to the Duque-Caro (1990) 

paleoceanographic and paleobiogeographic hypothesis. If the first species that may be 

ascribed to the genus Bagre already existed 12 mya, it is possible that its geographic 

range was very wide, including both South American coasts. According to the 

morphological and morphometric hypothesis of this dissertation, B. marinus is the living 

species of the genus that has experienced fewer changes in shape, therefore it may be the 

closest one to that hypothetical first Bagre species, widely distributed. Bagre marinus is 

the widest distributed sea catfish in the New World currently, going from Cape Cod to 

southeastern Brasil (Acero, 2002). This wide distribution might be related to the 

existence of B. marinus since at least the Middle Miocene (Fig. 61). 

On the other hand, it is possible that the evolutionary splitting of that first Bagre 

species into B. marinus (as the plesiomorphic branch) and the branch including B. 

panamensis, B. bagre, and B. pinnimaculatus (as the apomorphic branch) had been, at 

least partially, the result of a vicariant event such as the partial uplift of the Panama 

isthmus that occurred toward the end of the Miocene, between 12 and 7 mya. That event 

did not completely isolate the two American coasts, but it did significantly interrupt 
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ocean exchange between the Atlantic-Pacific. Hence, the first speciation event within the 

genus Bagre may had been allopatric, with the most generahzed species {B. marinus) 

confined to the Atlantic American shelf and the other branch occupying the Pacific side 

of the continent. The Pacific branch of the genus may have been exposed to the strong 

environmental changes associated with the incursion on the tropical western American 

shores by the Cold California Current (Duque-Caro, 1990). Those conditions may have 

led to a simpatric speciation, with a plesiomorphic species, B. panamensis, and one 

derived, the ancestor of B. pinnimaculatus and B. bagre (Fig. 61). Sympatric speciation is 

accepted to explain, for example, the speciation of cichlids in certain African freshwater 

lakes (Coyne and Orr, 2004). Considering that the derived species may have appeared 

due to evolutionary events induced by variations in environmental conditions, in low 

temperature waters, it is possible that such branch may have experienced an increase in 

its size. That would explain, at least in part, why B. pinnimaculatus, todays representative 

of the branch in the eastern Pacific, is clearly larger than its congeneric Pacific species, B. 

panamensis (70 vs 57 cm TL respectively). It is well known that fish populations living 

in relatively cold waters reach larger sizes than those living in warmer waters (Lindsey, 

1966; Acero, 1984b). If this was a sympatric speciation event, it would be very difficult 

to pinpoint a definite geological moment for it. Another possibility would be a 

microallopatric speciation event. 

The derived branch may have dispersed from the western coast towards the 

eastern South American coast after the restablishement of the comunication between the 

western Atleintic and the eastern Pacific that occurred between the Late Miocene and the 
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Early Pliocene, 7-3.7 mya. Finally, the vicariant event produced by the rising and total 

emergence of the Panama isthmus, may had produced an additional allopatric speciation 

event, the splitting of B. pinnimaculatus and B. bagre (Fig. 61). This species, isolated in 

the waters from the southern Caribbean to Brasil, was never capable of dispersing toward 

northern Caribbean waters. The dominant oceanographic conditions in some localities 

within the B. bagre range are, at least in part, similar to those prevailing in the tropical 

American Pacific during the Middle Miocene: relatively cool and turbid waters. The 

oceanographic conditions at Isla Margarita (eastern Venezuela), where the studied 

material of B. bagre was collected, are dominated by the strongest Caribbean upwelling, 

with sea surface temperatures that may normally descend to 20 and 24° C from January 

to May, and may even get to 18° C (Cervigon, 1992; Gomez, 1999). On the other hand, 

the northern Caribbean environment is clearly different, with typical tropical oceanic 

conditions: clear waters, carbonated sediments, and seasonal stability (Smith et al., 2002). 

Several authors (Petuch, 1980; Acero, 1984a; Amaya et al., 2002) have discussed 

the fact that many species restricted to the southern Caribbean and adjacent waters 

(sometimes towards the northwest, in other cases toward the southeast) have their closest 

living relatives in the American Pacific and not in the northern Caribbean. This can be 

seen as a narrowing of the old geminate species hypotheses of Jordan (1908), recently 

studied by researchers from different aspects and zoological groups (Lessios, 1979; 

Knowlton et al., 1993; Coates and Obando, 1996; Bermingham et al., 1997). Several well 

known examples from Caribbean fishes widely varying in life histories are known, such 

as in the families Carcharhinidae {Sphyrna media), Narcinidae {Diplobatis pictus species 
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complex), Urolophidae {Urotrygon venezuelae), Albulidae {Albula nemoptera), 

Engraulidae (Anchoa spinifer), Pristigasteridae, Batrachoididae (subfamily 

Thalassophryninae), Atherinidae (Atherinella beani), Serranidae {Paralabrax dewegeri), 

Haemulidae {Haemulon steindachneri), Sciaenidae {Isopisthus, Nebris, Ophioscion, 

Paralonchurus), Chaenopsidae (Acanthemblemaria betinensis, A. rivasi, Ekemblemaria 

nigra, and Protemblemaria punctata), Microdesmidae {Microdesmus carri), and 

Scombridae {Scomberomorus brasiliensis). It is clear that, since the affinities of B. bagre 

are stronger with B. pinnimaculatus than with B. marinus, this may be a similar case. 

An important contradiction may be seen when the molecular, both mitochondrial 

and nuclear, evidence is used to test the evolutionary scheme proposed for Bagre (Fig. 

35). The molecular topologies show two different kind of sister species relationships. In 

some cases B. marinus appears as the sister species of B. panamensis, in others it appears 

as the sister species of B. bagre. On the other hand, the K2 paired distances between all 

the possible transisthmian combinations are clearly high (6.70-11.92%) when compared 

with other cases of marine fishes separated by the last Pliocenic closure of the Panamian 

isthmus, about 3.2 mya (E. Bermingham and O. Sanjur, manuscript in preparation) (Table 

4). This leads to doubtful conclusions about how old is the separation between the species 

of Bagre (Fig. 62). 

An alternative explanation would be ventured here: the rate of nucleotide change 

within the Occidentarius-Bagre clade differs significantly from any other neotropical 

marine fish clades that has been tested so far. Therefore, the different attempts to infer the 

interspecific relationships within that clade have produced incongruent results, including 
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the placement of Occidentarius and Bagre as members of an unresolved polytomy with 

the other neotropical ariine lineages, as well as the lack of agreement about the 

intrageneric relationships within Bagre. 

Notarius, Cathorops, and Ariopsis 

For Notarius, Cathorops, and Ariopsis new phylogenies were inferred for the 

implied species with the molecular data sets, using others of the same genera as 

outgroups; likelihood ratio tests were used in order to determine if there was constancy in 

the substitution rates (Betancur and Acero, in preparation). The reconstructions were 

made using the cyt b and ATPase 8/6 data sets separate and combined with exhaustive 

search under maximum parsimony and maximum likelihood. In all the cases, the 

topologies presented in Fig. 62 were identical and the bootstrap values (1000 

pseudoreplicates with TBR) for the nodes were high, showing robust inferences. None of 

the test comparisons at the interior of the implied genera rejected the null hypothesis of 

-J 
constant rates (p>0.05). However, the intergeneric comparisons with the cyt b data set (x 

= 18.2, df- l,p< 0.05) and the combined scheme (x^ = 19.4, df = '^,p< 0.05) rejected an 

adjust of the type molecular clock between sequences; also, in ATPase 6 the value found 

for that comparison was close to the critical one (x^ = 13.6, df = 7, j? « 0.05) (Betancur 

and Acero, in press). 

In order to test if the K2 paired divergences within the transisthmian clades in 

Ariidae are significatively smaller than those determined with the same loci in the other 

cases of marine fishes separated by the last closure of the Panamian isthmus (Table 4), a 

non-parametric Wilcoxon-Maim-Whitney one-tailed test (Zar, 1974) was made. In all the 
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comparisons (separate and combined genie regions) the null hypothesis (ariid divergence 

values > than in other fishes) was rejected (1)4,8 = 32,/?< 0.05), with the exception of 

ATPase 8 (1)4,8 = 26,/»> 0.05) which includes a couple of extreme data (0 and 19.9%) 

within the reference group. When those data were excluded, that locus also showed 

statistical significance (1)4,6 = 24, p< 0.05). 

The topological information and the divergence data sets suggest recent 

cladogenetic events (Fig. 62, Table 5) splitting ̂ r/0/75/5 n. sp. (Caribbean) and^. 

seemanni (Pacific) (K2 distances of the combined data sets = 0.89%±DS0.1%), and 

Cathorops mapale (Caribbean) from the complex C. fuerthi/C. aff. fuerthii (Pacific) (K2 

distances of the combined data sets = 2.54%±SD 0.32%) (Betancur and Acero, in press). 

However, in Notarius the situation is even more complex, since it is possible to identify 

two different nested events. First, the more recent separation of N. cookei (Pacific) and N. 

bonillai (Caribbean) (K2 distances of the combined data sets = 1.73%), that not only form 

a terminal molecular clade, but that are difficult to separate by morphology (Acero and 

Betancur, in pressa). On the other hand, the speciation between N. neogranatensis 

(Caribbean) and the complex N. cookei/N bonillai, assuming an ancestral distribution of 

the group in the eastern Pacific (K2 distances of the combined data sets = 2.27%±SD 

0.23%), or the separation between N. kessleri and the clade N. neogranatensis!{N. 

cookei/N. bonillai^ assuming an ancestral Caribbean distribution (K2 distances of the 

combined data sets = 2.81%±SD 0.14%). Both scenarios of ancestral distribution are 

equally parsimonious (Betancur and Acero, in preparation). 

Two hypothetical scenarios may explain the short genetic distances between 
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geminate pairs in sea catfishes: a) A desacceleration in the nucleotidic substitution rates 

has occurred in some clades of the subfamily Ariinae, or b) The recent transisthmian 

events in those neotropical sea catfish genera occurred after the event separating other 

geminate pairs. If the first assumption is correct and most events are associated to the 

Pliocenic rising of the isthmus, the rate of K2 divergence mAriopsis would be around 

0.3%/my and in N. cookei/N. bonillai would be around 0.6% my. Such rates are very low 

according to the published calibrations of molecular evolution for fishes in those genetic 

regions. For cyt b in cyprinid fishes the estimated rate is 1.5%/my (using HKY 85 

distances) following two well dated geological events: the closure of the Gibraltar Strait 

(5 mya) and the formation of the Korintho Strait (2.5 mya) (Zardoya and Doadrio, 1999). 

The estimate in several pairs of transisthmian marine fishes for ATPase 6 is 1.3% mya 

(using K2 distances) (Bermingham et al., 1997). 

On the other hand, if the second scenario proposed is correct, a hypothetical 

recent connection between the Atrato basin and the EP should receive some 

consideration. The toadfish genus Daector, which includes four marine species endemic 

to the EP, has a representative species in the Rio Truando (D. quadrizonatus) (Collette, 

1973), a small tributary of the Atrato, which is the one of the largest rivers opening to the 

Caribbean Sea. Strongylura fluviatilis, a needlefish described from the rivers of 

northwestern Ecuador, has been also recorded from the Atrato basin (Lovejoy and 

Collette, 2001; Banford et al., 2004). Similarly, N. bonillai, a species of freshwater ariid, 

geminate to the EP freshwater N. cookei, has populations in the Atrato and Magdalena 

rivers. The presence of this large freshwater ariid may be satisfactorily explained 
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invoking a recent conexion between both basins. The Rio Truando, which originates in 

the Serrani'a del Baudo a few miles away from the eastern Pacific, may have opened 

towards the west in the past and shifted its flow direction because a tectonic event. This 

phenomenon, knovra as stream capture, has been well documented for the rivers in the 

Central Appalachian range (Hocutt et al., 1986). Unfortunaley no geological literature 

support this hypothetical scenario. 

Additionally to the case just discussed in Notarius, there was another event that 

separated N. neogranatensis and the N. cookei/N. bonillai complex or N. kessleri from the 

complex N. cookei/N. neogranatensis, both equally parsimonious. Since the last 

possibility implies that N. cookei originated in the Caribbean, it may be better to assume 

that the final rising of the Panama isthmus originated an allopatric speciation event which 

separated N. neogranatensis (Caribbean) and N. cookei/N. bonillai original stock 

(restricted to the eastern Pacific at that moment), just because N. cookei has a wider 

distribution (Costa Rica to Colombia) than N. bonillai (restricted to the Atrato and 

Magdalena rivers in Colombia). Also, the recent invasion of the Caribbean by N. cookei 

would follow the pattern implied by the distributions of Daector and S. fluviatilis. 

In any case and regardless of which of those events may be attributed to the last 

rising of the isthmus, the K2 genetic distances are small [N. neogranatensislN. cookei 

group = 2.3%; N. kessleri/{N. neogranatensislN. cookei) group = 2.8%], and lower than 

those observed in other transisthmian pairs of marine fishes (3.6-6.6%). Also, the K2 

divergence values between Cathorops mapale and C. fuerthiilC. aff. fuerthii (2.5%) are 

similar to those of Notarius, which may also indicate vicariance associated to the same 



120 

event. In both cases the relatively low values may be related to the biology of the sea 

catfishes of the genera Notarius and Cathorops, which inhabit inshore, brackish waters. 

Tringali et al. (1999), using 12S and 16S markers, found that geminate snook pairs 

(genus Centropomus) with estuarine habits also showed smaller genetic distances than 

other more marine snook pairs. At the final closure of the isthmus, estuarine waters may 

have been the last important conection between the EP and WA, acting as a bridge for 

those species tolerating low salinities, such as the sea catfishes. 

The genetic distances between the geminate pair Ariopsis n. sp. and A. seemanni 

(0.9%) are too short to be satisfactorily explained by any of the two discussed vicariant 

events. Considering that Ariopsis is a member of the same lineage as Bagre (tribe 

Ariopsini), the hypothesis of an anomalous rate of nucleotide substitution is also 

proposed here for that genus. Other alternative hypothesis, valid mainly for inshore 

species as those of the genus Ariopsis, would be exchange of specimens between the two 

oceans during strong flood periods and/or the transport of specimens by storms across 

relatively lowlands, which would reduce the genetic distance between transisthmian 

species pairs. 
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FIGURE 1. Dorsal view of the neurocranium of Cathorops mapale, indicating the 
main bones. EPO epioccipital, EXS extrascapula, FRO frontal, LET lateral ethmoid, 
MET mesethmoid, PDF predorsal plate, PTO pterotic, SCL posttemporo-
supracleithrum, SOC parieto-supraoccipital, SPH sphenotic, eft central fenestra, fen 
fenestra, fr frontal rise of the mesethmoid, mg median groove, stf supratemporal fossa. 
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FIGURE 2. Ventral view of the neurocranium of Cathorops mapale, indicating the 
main bones. BOC basioccipital, EOC exoccipital, FRO frontal, LET lateral ethmoid, 
MET mesethmoid, PAS parasphenoid, PRO prootic, PTO pterotic, SCL posttemporo-
supracleithrum, SPH sphenotic, TRI tripus, ifb inferior branch, Miir Miillerian ramus, 
svp subvertebral process, vos ventral ossification. 



FIGURE 3. Dorsal and ventral views of the nexirocranium of Ariopsis cabezon. EXS extrascapula, LET lateral ethmoid, 
PTO pterotic, SOC parieto-supraoccipital, SPH sphenotic ^ 
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FIGURE 4. Dorsal and ventral views of the neurocranium of Cathorops mapale. EXS extrascapula, LET lateral ethmoid, 
PTO pterotic, SOC parieto-supraoccipital, SPH sphenotic, fen fenestra, stf supratemporal fossa 



FIGURE 5. Dorsal and ventral views of the neurocranium of Bagre panamensis. FRO frontal, LET lateral ethmoid, SP 
sphenotic, ec ear capsule, sof secondary ossification 

L/i 



FIGURE 6. Dorsal and ventral views of the neurocranium of Doraops zuloagai (Doradidae); ec ear capsule 
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FIGURE 7. Dorsal and ventral views of the neurocranium of Notarius kessleri. FRO frontal, PCF posterior cranial 
fontanel, PRO prootic, fr frontal rise of the mesethmoid. 
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FIGURE 8. Dorsal and ventral views of the neurocranium of Sciades proops. FRO frontal, PDF predorsal plate 
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FIGURE 9. Dorsal and ventral views of the neurocranium of Bagre marinus. FRO frontal, SPH sphenotic, ane anterior 
expansion of the lateral ethmoid, sof secondary ossification 
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FIGURE 10. Posterodorsal view of the neurocranium of Trachycorystes insignis (A), Galeichthys ater (B) sndAriopsis 
cabezon (C). EPO epioccipital, SOC supraoccipital, Mr Miillerian ramus. 
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FIGURE 11. Dorsal and ventral views of the neurocranium of Notarius cookei. EXS extrascapula, PRO prootic, ap angular 
process, stf supratemporal fossa. 



FIGURE 12. Dorsal and ventral views of the neurocranium oiAriopsis seemanni. EXS extrascapula 



FIGURE 13. Dorsal and ventral views of the neurocranium of Sciades dowii; we wing-like expansion of the parasphenoid 



FIGURE 14. Posterodorsal views of the neurocranium of Occidentarius platypogon (A), Bagre marinus (B) and B. 
pinnimaculatus (C). EPO epioccipital. 



FIGURE 15. Posterodorsal views of the neurocranium of Sciades proops (A), Notarius kessleri (B) and Cathorops mapale 
(C). EPO epioccipital. 



FIGURE 16. Posteroventral views of the neurocranium of Notarius troschelii (A), N. cookei (B), Cathorops 
hypophthalmus (C) and C. multiradiatus (D). BOC basioccipital, at foramen for the dorsal aorta, eb external branch, ib ^ 
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FIGURE 17. Posteroventral views of the neurocranium of Trachycorystes insignis (A), Galeichthys ater (B), Bagre 
marinus (C) and Ariopsis cabezon (D). BOC basioccipital, fd foramen for dorsal aorta, svp subvertebral process, vos 



FIGURE 18. Ventral views of the parurohyals of Rhamdia sp. (Rha), Occidentarius platypogon (Opy), Bagre 
pinnimaculatus (Bpni), B. marinus (Bma), Ariopsis seemanni (Ase), Sciades dowii (Sdo), Notarius kessleri (Nks) and 



FIGURE 19. Lateral view of the left dentaries of Doraops zuloagai (Dor), Galeichthys ater (Gat), Bagre pinnimaculatus 
(Bpni) and Ariopsis seemanni (Ase). ^ 
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FIGURE 20. Lateral views of the left dentaries of Notarius kessleri (Nks), Cathorops hypophthalmus (Chy), C. mapale 
(Cmap) and C. multiradiatus (Cmu). 
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FIGURE 21. Palatine tooth plates of Bagre pinnimaculatus (Bpni), Ariopsis seemanni (Ase), Sciades dowii (Sdo), 
Notarius kessleri (Nks), Cathorops mapale (Cmap) and C. multiradiatus (Cmu). 



FIGURE 22. Lateral view of the left hyomandibula of Notarius troschelii (Ntr), N. kessleri (Nks), Cathorops multiradiatus 
(Cmu) and C. hypophthalmus (Chy). 



FIGURE 23. Lateral view of the left hyomandibula of Doraops zuloagai (Dor), Galeichthys ater (Gat), Bagre marinus 
(Bma), Ariopsis cabezon (Acab), A. seemanni (Ase) and Sciades dowii (Sdo). 
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FIGURE 24. Posterolateral view of the neurocranium of Occidentarius platypogon 
(A), Bagre marinus (B) and B. pinnimaculatus (C); mcr mesial crest, nsp neural spine. 



FIGURE 25. Lateral view of the left cleithrum of Ariopsis seemanni (Ase), A. cabezon (Acab), Notarius kessleri (Nks), N. 
troschelii (Ntr), Cathorops mapale (Cmap) and C. hypophthalmus (Chy). 



FIGURE 26. Lateral view of the left cleithrum of Trachycorystes insignis (Tra), Galeichthys ater (Gat), Occidentarius 
platypogon (Opy), Bagre marinus (Bma), B. panamensis (Bpa) and Sciades dowii (Sdo). 

On 



FIGURE 27. Left lapillus of Notarius kessleri (A) and Sciades proops (B); gl growth lines, gr groove, aim 
anteroinferomedial border, Isb laterosuperior border, apr anteroinferomedial protuberance, umb umbo 
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FIGURE 28. Left lapillus of Galeichthys ater (Gat), Notarius troschelii (Ntr), N. cookei (Ncoo), N. kessleri (Nks), 
Cathorops hypophthalmus (Chy), C. multiradiatus (Cmu) and C. mapale (Cmap). 



Bpni Bpa 

Abo Ase She Sdo 

FIGURE 29. Left lapillus of Bagre marinus (Bma), B. pinnimaculatus (Bpni), B. panamensis (Bpa), Occidentarius 
platypogon (Opy), Ariopsis cabezon (Acab), A. seemanni (Ase), Sciades proops (Spr), S. herzbergii (She) and S. dowii 
rSdoY 
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FIGURE 30. Mouthbrooding males of Bagre marinus (A) and Cathorops mapale (B). 



FIGURE 31. Notarius biffi (A) and Bagre bagre (B) showing differences in barbels, dorsal and adipose fins conditions and 
development 
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FIGURE 32. Female specimen of Ariopsis n. sp. showing the extraordinary development 
of the pelvic fins; dorsal view (A) and ventral view (B). 
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Rhamdia sp. 

Trachelyopterus insignis 

Doraops zuloagai 

Galeichthys ater Atl ZA 

Galeichthys peruvianus Pac PE 

Notarius cookei Pac PA 

Notarius kessleri Pac CO/PA 

Notarius neogranatensis Atl CO 

Notarius troschelii Pac CO/PA 

Cathorops dasycephalus Pac PA 

Cathorops mapaie Ati CO 

Cathorops muitiradiatus Pac CO/PA 

Cathorops hypophthaimus Pac PA 

Arius arius IP PK 

Occidentarius platypogon PacCO/PA 

Bagre bagre Atl CO 

Bagre pinnimaculatus Pac PA 

Bagre panamensis Pac CO/PA 

Bagre marinus Atl CO/VE 

Arlopsis fells Atl US 

Ariopsis seemanni Pac CO/PA 

Arlopsis n. sp. Atl CO 

Sciades dowii Pac CO/PA 

Sclades proops Atl CO/VE 

Sciades parkeri Atl VE 

Sciades herzbergii Atl CO/VE 

FIGURE 33. Phylogenetic hypotheses under maximum parsimony (26 taxa and 56 
characters). The topology corresponds to the strict consensus of twelve optimal trees 
found by the branch-and-boimd search algorithm. The numbers at the base of the nodes 
correspond to the bootstrap support values (>60%) calculated with TBR and 10000 
pseudoreplicates. The terminal tags indicate the species and the basin and the country 
where the material was collected. Country codes follow ISO-3166. 
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Galeichthys 
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FIGURE 34. Comparison between the phylogenetic hypothesis proposed in this 
dissertation (A) with those proposed by Betancur-R. (2003) (B) and Marceniuk (2003) 
(C). 
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FIGURE 35. Comparison of the different phylogenetic hypothesis recently proposed for 
the genus Bagre. In the middle is the hypothesis proposed in this dissertation. In the 
upper part and in the lower left are those found by Betancur-R. (2003) and in the lower 
right the hypothesis proposed by Marceniuk (2003). 
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Galeichthylnae 

Indo-West Pacific 

i 

Ariinae 

Galeichthys 

Ketengus typus 

Arius truncatus 

Arius arius 

Cathorops dasycephalus 

(Cathorops) 

Bagre 

Occldentarlus platypogon 

Sciades 

Potamarlus 

Ariopsis 

FIGURE 36. Hypothesis of the generic and suprageneric relationships of the New World 
Ariidae and some other non-American lineages. The area of the triangles is proportional 
to the number of estimated species included in each group. The monophyly of the genera 
(including at least two species, usually one of them the type species) and other 
suprageneric clades in continuous lines are strongly supported by the morphological 
and/or molecular evidence. The dotted line is used for a robust node based on 
morphological evidence and not statistically rejected by any of the molecular data sets. 
The position of Potamarius, Arius truncatus and Ketengus typus is based on molecular 
grounds. 
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FIGURE 37. Galeichthys feliceps: (A) Fan-shaped sheet formed by the fusion of the 
humero-cubital process and the inferior crest of the cleithrum; (B) lateral view of an adult 
specimen. 
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FIGURE 38. Sciades couma (A) showing the furrow connecting posterior nostrils 
across snout and Ariopsis n. sp. (B) showing the medium depression on head. 



FIGURE 39. Sciades proops (A) and S. parkeri (B) showing the differences in the 
development of the predorsal plate and the maxillary barbels. 
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FIGURE 40. Teeth differences between Occidentarius platypogon (A) and Cathorops 
mapale (B), (a) maxillary tooth patch and (b) palatal tooth patch with molariform teeth. 



FIGURE 41. Lateroanterior view of Potamarius nelsoni 



FIGURE 42. Dorsal (A) and ventral (B) view^s of the neurocranium of Galeichthys peruvianus 



FIGURE 43. Arius arius, the type species of the family Ariidae 
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Alius alius xZ6S6 Ind IN 

'Alius'platypos^n IZSSi Pac PA 

Bagre bagm x3540 Atl GF 

IV.cootre/16750 Paw; PA 

Msp. X3613M1CO 

N. mognnatmsis x3598 AH CO 

N. kesslert 17S78 Pac PA 

A/.bfAf1!»42Pac SV 

N. ItoscAe/f/17229 Pac PA 

N. mglsptnls x35S0 Atl GY 

N. grandicasslsx^^ Atl CO 

N. planlceps 1757S Pac PA 

N. aff. planicaps 15943 Pac SV 

N. Insculf^is 17958 Pac PA 

N. tftadriscuOs x3S71 Atl GY 

FIGURE 44. Phylogenetic hypothesis of 11 species of Notarius and three other ariids 
corresponding to a single optimal tree (1534 steps) obtained from parsimony analysis of 
the cyt b and ATPase 8/6 combined data set (1937 bp) with branch-and-bound (Betancur 
and Acero, 2004). 



FIGURE 45. Ventral (A) and dorsal (B) views of the neurocranium of Notarius grandicassis 
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FIGURE 46. Teeth differences between selected species of Notarius, (A) N. 
grandicassis, (B) N. quadriscutis and (C) N. rugispinis. 



FIGURE 47. Dorsal (A) and ventral (B) views of the neurocranium of Notarius troschelii 



FIGURE 48. Dorsal (A) and ventral (B) views of the neurocranium of Cathorops hypophthalmus. 



FIGURE 49. Dorsal (A) and ventral (B) views of the neurocranium of Cathorops multiradiatus 



FIGURE 50. Dorsal (A) and ventral (B) views of the neurocratiium of Bagre pinnimaculatus 



FIGURE 51. Dorsal (A) and ventral (B) views of the neurocranium of Occidentarius platypogon 



FIGURE 52. Teeth differences between selected species of Ariopsis felis (A), (a) maxillaiy tooth patch, (b) palatal tooth 
patches, Sciades parkeri (B), S. proops (C), S. couma (D) and S. passany (E). 
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FIGURE 53. Dorsal (A) and ventral (B) views of the neurocranium of Sciades herzbergii 



FIGURE 54. Teeth differences between selected species of Genidens, (A) G. genidens 
and (B) G. planifrons. 
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Cetopsorhamdia sp. 
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Galeichthys peruvianus 
Notarius cookei 
Notarius bonillai 
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FIGURE 55. Optimization of the freshwater confmement events in neotropical ariids. 
The topology corresponds to the strict consensus of the trees obtained from the cyt b and 
ATPase 8/6 data sets (Betancur-R., 2003). Black indicates lineages living in brackish or 
marine waters that eventually penetrate rivers. Grey indicates lineages mainly occurring 
in freshwater. 
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Rhamdia sp. 

Trachelyopterus insignis 

Doraops zuloagai 

Galeichthys ater Atl ZA 

Galeichthys peruvianus Pac PE 

Notarius cookei Pac PA 
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FIGURE 56. Phylogenetic hypothesis under maximum parsimony indicating in gray those 
clades showing marine preferences and in black the clades living in estuaries or in 
freshwater. 
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FIGURE 57. Coastline reconstructions at diferentes ages, (A) Kimmeridgian, Late 
Jurassic, 153 mya, and (B) Aptian, Early Cretaceous, 120 mya (modified from Smith et al., 
1994). 
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FIGURE 58. A comparison between the maximum sizes reached by the species included in three different ariine 
neotropical lineages: Cathorops, Notarius and the Ariopsini 
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FIGURE 59. Map of the New World showing the distribution of three ariine lineages. The 
gray lines indicate the distribution of the ariopsin sea catfishes. The circles indicate the 
distribution of the genus Cathorops. The black lines indicate the distribution of the genus 
Notarius. 
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FIGURE 60. Palaeoceanographic evolution of the area adjacent to the Panama isthmus (modified from Duque-Caro, 
1990). 
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FIGURE 61. Morphological and morphometric hypothesis of relationships between the species of Bagre. The 
different tones on each branch represent different speciation events. Dating according to Duque-Caro (1990). 
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FIGURE 62. Phylogenetic hypothesis of taxa involved in recent events of transisthmic 
speciation. The presented topologies are congruent between the different data sets (cyt b 

and ATPase 8/6 separate and combined) and between reconstruction methods (MP eind 
ML) with exhaustive searchs (Betancur-R. and Acero, in preparation). Additional 
information was got only for the combined data set (1937 bp). The phylograms were 
inferred with maximum likelihood. The bootstrap values calculated with tree-bisection-
recormection in 1000 pseudoreplicates are shown close to the nodes. The means of the K2 
divergence percentages, as well as their standard deviations (when they include several 
data), are shown between terminals. Solid line arrows indicate recent transisthmian events, 
trivially optimized. The two dotted line arrows indicate an additional event, which is 
parsimoniously ambiguous, depending on the ancestral distribution. The country codes 
where the specimens were collected follow ISO. 



TABLE 1. List of the osteological material examined. Measurements are standard lengths (SL) or total lengths (TL) in 
millimeters. ? indicates no available data. # indicates the number of examined specimens. Country codes follow ISO-3166. 
PC: personal collection of the author. * type species of the genus. ** type species of the family. 

SPECIES LIST EXAMINED MATERIAL 
•utgroup Basin Measurements Locality Source 

Rhamdia sp. 1 23d bL bl Banco, CO HC 
Trr)rhfilYnnfeni.<=; insirjni.'i (Stfiinrl^rhnRr. 1FI7R) 1 171 SI Fl Ranm, CO PC 
Doraopsiubaaai Schulti. 1944 1 284 SL Barrancsbermeja, CO PC 

ingroup 
Nofariis cookei (A;ero & Betancur-R, 2002) EP 3 340-445 SL Ri'd Santa Maria, PA STRI-5-2-10-2/4 
Holams tiesstri (Steindachner, 187"') EP 3 205-328 SL Buenawentura, CO; Bania de Parita, ^A 3TR 5-2-4-1 
Notariua rcoqranalcnsia (A:cro& Bctancur-R, 2002) WA 1 280 SL Cispata, CO PC 
Notarius tcoscneiii (Gill, 1863) EP 3 290-345 SL Buenaventura, CO; PA STRI 5-2-8-2/c 
Cathorops das/cephalus (Uunttier, 18b4) bP 3 1bU-2U0 IL MX; Agjadulce, yanta Catalina, HA HC blRI 5-M-7b 
OnririRnfnnu.': niafvpnrinn (firinthfir, 1RR4) FP 7 7:^n-9fi1 Si RupnavRntura, CO; PA STR 5-9-7-1 
Arils arius (Hamilton, 1822; P 2 141-234 SL Synd River, PK USNM 297279/292812 
Aia/Jdin r. sp. WA 3 2CG-274 3L Cienaga 3rarde de 3cnta Malta, CO PC 
A. fels (Linnaeus, 176B) WA 2 128-182 SL FL,LA,GulfoflVexic3,US PC, USWM 206742 
A. seemanni (3unther, 1864) WA 3 260-300 TL Buenaventura, CO; PA STRI 5-1-1-9/17 
Baqrc baqrc (Linnaeus 17EB) WA 1 210SL Cispata, CO PC 
B. mamus (Mitchil, 1 SI5) WA 4 290-310 SL Guajira, CO; VE PC 
ti. pa'^amensls ((Jill, Itlb'd) bP •d 23y-3bU aL Huenaventura, CO; AquadLlce, HA SIKI b-j-1-//iv 
S. pirnimacuMus iSteindachner. 1877) EP 3 155-510 SL Bahia Pananna and P. ^'atiro, PA; Navarit. MX STRI 5-3-2-8/13 
C. hypopMhalmus (Steindachne', 1877) EP 2 186-305 SL B. Panama and B. Parita, FA 3TR 5-4-2-3 
C. mutirediatus (Gunthsr, 18D4) EP 2 180-180 3L Buenaventura, CO; PA 3T=?I 439 
C. mapale Betanctr-R. & Acero, in press WA 1 149 SL Cienaqa 3rardede Santa Marta, CO PC 
Gabichthys ater Castelnau, 1861 EA 1 239 SL ZA PC 
G. peruvianas Lutken, 1874 EP 2 234-324 SL PE PC, ST^I 
Sc/ac'es oow//(Gill 1863) EP 2 296-4^0 SL Buenaventura, CO; Apuadilce, PA STRI 5-2-2-11 
S. hezbecQii (3loch, 1794) WA 3 290-330 SL Gualira, CO; VE PC 
S. pa^keri (Traill. 1832) WA 2 440-550 SL VE PC 
S. proops (Valenciennes. 1840) WA 4 377-450 SL Cienaaa Grardede Santa Marta. CO; VE PC 



TABLE 2. Data matrix for the maximum parsimony analysis of 26 terminal taxa, including 23 ingroup (Ariidae) species and 
three outgroup species. The symbol ? is used for absent data or confusing states. Taxon tags indicate the species and the basin 
and country (ISO 3166) where they were collected. Characters described in pages 26-45 

0 3 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 7 0 7 ? ? 0 0 ? ? 7 0 0 0 0 0 0 0 ? 0 0 0 ? ? ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
n "1 n n n n n n n n n n n n n n n n n n n ? n 1 ? ? ? n n n n n n n n n n n ? ? ' n n n n n n n n n n n n n n n 
0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ip 0 0 0 0 0 1 0 0 0 0 0 ' 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 

TAXA l£!g 11-20 21-30 31-40 41-iSO 51-56 

OUTGROUP 

Rtsirdia 
Dnrflryj.s 7iilnagai 

INGROUP 
Wbta/ua ODofei QDQ1Q1101Q1111000111QOQQQ020102QQOOQ01Q101000Q001011QOOO 
marius tessfefl 0 3 0 1 0 1 I 0 I 0 I I I 1 0 0 0 1 1 I 0 0 0 0 0 0 2 0 I 0 2 0 0 0 0 0 0 1 0 I 0 I 0 0 0 0 0 0 I • I 0 0 0 0 0 
N d i a r i t i c n o c q r a m i c n d s  0 3 0 1  0 1  1  0 1 0 1  1  1  1  0 0 0 1 1  1 0 0 0 0 0 0 2 0 1 0 2 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0  
m a r i u s t i D S i ^ i e l i }  0 3 0 1 0 1 0 0 1 0 1  1  1  1 0 0 0 1 1  1 0 0 0 0 0 0 2 0 1 0 2 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 1  1 0 1 0 0 0 0 0  
C s t h o r c p s d s s / c e p h a k i s  1 3 1 1 0 0 1 1 1 0 1 0 0 1  1 1 1 2 1 1 1 1 0 1 0 0 2 0 1 1 2 0 0 1 0 2 0 1 0 1 0 1 G 0 0 0 0 0 1 0 1 0 0 0 0 0  
O a d e n t a i i i ^ o l a m o i i o n  0 3 0 1 0 0 0 0 0 0 1 1 0 1 2 0 0 1 1 0 0 0 0 0 0 0 0 0 1 2 2 0 0 0 0 2 1 1 1 0 1 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0  

0 3 0 1  0 0 0 0 1 0 1 0 0 1  0 0 0 1 1 0 0 1  ? 0 0 1 2 0 1 0 2 0 0 0 0 0 1  1 0 9 0 1 0 0 1 0 0 0 1 0 1 0 G O O O  
A v : p 5 * s  n .  s p .  0 3 0 1  0 0 0 0 0 0 1  1 0 1  0 0 0 1 1 0 0 0 0 0 0 0 0  1  1  0 2 0 0 0 0 0 0 1  1  0 1  1 0 0 0 1 0 0 1 0 1  1 0 0 0 1  
A i o o s i s f e l i s  0 : 0 1  0 0 0 0 0 0 1  1 0 1  0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 1  1  ? 1  1 0 0 0 1 0 0 1 0 1  1 0 0 0 1  
A - i ^ a i a o e e t m n n i  0 3 0 1  0 0 0 0 0 0 1  1 0 1  0 0 0 1 1 0 0 0 0 0 0 0 0  1  1 0 2 0 0 0 0 0 0 1  1 0 1  1 0 0 0 1 0 0 1 0 1  1 0 0 0 1  
£B,7e TOff'nws 0 I 0 1 0 0 0 0 1 0 1 0 0 1 2 0 0 I I 0 0 0 I 0 0 0 I 0 I 2 2 0 1 0 I 2 I 1 1 0 1 I I 0 I 0 0 0 I 0 I 0 0 0 0 0 
B a j r o t a c i r c  0 1 0 1 0 0 ? ? 1 0 1 0 0 1 2 0 0 1 1 0 G 0 1 0 0 0 1 0 1 2 2 0 1 0 1 2 1 1 1 0 1  1 1 0 1 0 0 0 1 0 1 0 1 0 1 0  
^ g r e  p a n a r s n d s  0 1 0 1 0 0 1 0 1 0 1 0 0 1 2 0 0 1 1 0 0 0 1 0 0 0 1  0 1 2 2 0 1 0 1 2 1  1  1 0 1  1  1 0 1 0 0 0 1 0 1 0 1 0 0 0  
B g y r o  j D i n n i n s c u l a t u s  0 1 0 1 0 0 0 0 1 0 1 0 0 1 2 0 0 1 1 0 0 0 1 0 0 0 1 0 1 2 2 0 1 0 1 2 1 1 1 0 1 1 1 0 1 0 0 0 1 0 1 0 1 0 1 0  
C d / i u n j / j a f i / f j u f j / i l h i i i r r i i a  1 3 2 1 0 0 1  1 1 1 1 0 0 1  1 1 1 2 1 1 1 1 0 1 0 1 2 0 1 1 2 1 0 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0  
C ^ . h o r o p s r > u l t i r a d i a t L ' s  i : 2 1 0 0 1  1 1 1 1 0 0 1  1 1 1 2 1 1 1 1 0 1 1 1 2 0 1 1 2 1 0 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0  
C d : h D i x x > s n - a p a h  1 3 2 1 0 0 1  1 1 1 1 0 0 1  1 1 1 2 1 1 1 1 0 1 1 1 2 0 1 1 2 1 0 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0  
G s l e i c t i t v s s t e r  0 3 0 0 0 0 0 0 Q 0 1 0 0 0 0 0 0 0 0 0 0 0 ? G O O G 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 Q 0 0 0 0 0 1 0 0  
C s l e i c f i t h / o p e i w a n . 3  0 3 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 0 0  
i ! t , a c f e s a b w »  U J U l  1 U U U U U 1  1  1  1  U U U 1 1 U U U U U U U U U 1 U 2 U U U U U U 1  1 U 1  1 U 1 U U U 1  1  W I U U U U  
S c : a d s s f > 9 r A s i g i i  0 3 0 1  1 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 0 1 1 1 2 1 0 0 0 0  
S c l a d e s p a n e r i  0 3 0 1  1 0 0 0 0 0 1  1  1  1  0 0 0 1 1 0 0 0 0 0 0 0 1  0 1 0 2 0 0 0 0 0 0 1  1 0 1  1 0 0 0 0 0 1  1  1 2 1 0 0 0 0  

0 3 0 1  1 0 0 0 0 0 1  1  1  1  0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 1  1 0 1  1 0 0 0 0 0 1  1  1 2 1 0 0 0 0  

00 
-fc. 



185 

TABLE 3. Species listed in the genus Notarius. Their inclusion in the genus is based on 
mitochondrial phylogenetic evidence or general morphology*. Their previous treatment 
in other genera follows Bussing and Lopez (1994), Kailola and Bussing (1995), Castro-
Aguirre et al. (1999), Robertson and Allen (2002) and Marceniuk and Ferraris (2003). 
EP: eastern Pacific; WA: western Atlantic. 

Species Original genus Other genera recently used Current generic status Basin 

Nbiffl Notarius — original EP 

N. bonillai Galeichthys — new combination WA 

N. cookei Arius — new combination EP 

N. grandicassis Arius — validated (type species) WA 

N. insculptus Arius Hexanematichthys new combination EP 

N. kessleri Arius Hexanematichthys, Ariopsis new combination EP 

N. lentiginosus Tachisurus Arius validated EP 

N. luniscutis Arius Aspistor new combination WA 

N. neogranatensis Arius — new combination WA 
N. phrygiatus Arius — new combination WA 
N. planiceps Arius Ariopsis validated EP 
N. quadriscutis Arius Aspistor new combination WA 
N. rugispinis Arius — new combination WA 
N. troschelii Sciades Sciadeops validated EP 

TABLE 4. Genetic divergence mean percentages in different pairs of marine fishes that 
are assumed to had been separated by the Pliocenic rising of the Panama isthmus (E. 
Bermingham and O. Sanjur, manuscript in preparation). 

Comparison unities cyt b ATPase 8 ATPase 6 Combined 

Atlantic Pacific 

Anisotremus virginicus A. taeniatus 3.76 3.08 3.35 3.57 

Rypticus saponaceus R. bicolor 3.98 5.81 4.81 4.42 

Gerres cinereus G. cinereus 4.07 2.73 3.8 3.88 

Holacanthus ciliaris H. passer 4.42 1.2 5.58 4.57 
Paranthias furcifer P. colonus 4.46 19.89 6.88 6.55 

Abudefduf saxatilis A. troschelii 4.89 0 4.39 4.33 
Lutjanus apodus L. argentiventris 5.2 4.64 6.64 5.66 
Cynoscion nothus C. reticulatus 5.74 4.74 5.9 5.73 
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TABLE 5. Mean (X) of the K2 genetic divergence percentages for three possible cases of 
neotropical ariines involved in recent events of transisthmian speciation. The number of 
cyt b and ATPase 8/6 sequenced specimens is indicated between parentesis (left and 
right, respectively; or equal). Tags for each taxa indicate the species and basin. 

Comparison unities cyt b ATPase 8 ATPase 6 Combined 

X  X  X  X  
Bagre 

B. marinus {WA)IB. bagre (WA)-B. panamensis (EP) 11.92 9.45 6.7 10.65 
Notarius 

N. cookei (EP)W. bonillai (WA) 1.76 2.48 1.66 1.73 

N. neogranatensis (y/A)/[N. cookei (E¥)IN. bonillai QNA)] 2.37 3.13 1.73 2.27 

N. kesslen(EPy{N. neogranatensis QNA)/[N. cookei(EP)/N. bonillai{WA)]} 2.87 1.85 2.74 2.81 
Cathorops 

C. mapale(WA)/C.fuerthii(EP) 2.38 0.6 3.29 2.54 
Ariopsis 

A. seemanni {EPyAriopsis n. sp. (WA) 0.83 0.6 1.05 0.89 



CHAPTER 2. A MORPHOMETRIC APPROACH TO THE 

SYSTEMATICS OF THE GENUS BAGRE 

Simple morphometric procedures have been established and applied in systematic 

and taxonomic studies for more than a century, being employed with greater frequency 

since the decade of 1970, due to the development of more elaborated methods (Chapman 

et al., 1997). Shape analysis, morphometries, and statistics are available tools for 

researchers in order to increase the foundations of their results (Chapman, 1990). 

Morphometric techniques have been used to establish limits between species, 

populations, and stocks (Stracahan and Kell, 1995; Cadrin and Friedland, 1999; Littman 

et al., 2000), as well as to describe biogeographic patterns and infer the phylogeny of a 

group (Loy and Corti, 1996). 

Rohlf (1990) defined morphometries as the quantitative description, analysis and 

interpretation of shapes and their variation in biology. He determined that description and 

comparison of structures' shapes are necessary in any systematic study that is based on 

organismal morphology. Several studies have shown that the recently developed 

techniques of geometric morphometries are extremely powerful descriptive tools 

(Swiderski et al, 2000). 

However, the use of the morphometric techniques is still under debate. Swiderski 

et al. (1998, 2000) and Zelditch et al. (1998) consider that the homology principle may 

be applied to the relative deformation warps, which are used as characters to infer 

phylogenetic hypotheses. Bookstein (1994), Adams and Rosenberg (1998), Rohlf 
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(1998b), Monteiro (2000), and Roth and Mercer (2000), on the other hand, argue that the 

mathematical properties of the warps lack biological meaning; therefore, the use of those 

data as cladistic characters may lead to erroneous interpretations in the reconstruction of 

the evolutionary history of a group. Nevertheless, the group of warps coming from a 

selection of anatomical landmarks may be useful to infer a phylogenetic, non cladistic, 

hypothesis based on a technique such as square change parsimony and maximum 

likelihood because those procedures are invariant to the rotations inherent to the shape 

space (Rohlf, 2001). The purpose of this section is to demonstrate how shape has changed 

from one species of Bagre to another and that morphometric techniques could be used to 

infer phylogenetic relationships. 

METHODS 

For the morphometric study of the genus Bagre a total of 104 specimens 

representing six species were studied. Additionally to the four species of Bagre, two 

species from the eastern Pacific were chosen as the outgroups for shape analysis. They 

were Occidentarius platypogon and Ariopsis seemanni, selected because the 

morphological phylogenetic hypothesis proposed in chapter 2 included them in the same 

suprageneric group as Bagre, the tribe Ariopsini. 

The specimens were preserved in formalin for two to five days, in order to avoid 

bending and possible errors caused by differences in the position of selected landmarks. 

Digital images were obtained using a flat bed scanner (Epson ESI200 C). The images. 
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taken only on the right side of the fishes, were carefully taken to not mask important 

structures, and were edited in the program Adobe Photoshop v. 3.0. Finally, 17 landmarks 

were digitalized employing the TPSdig vl.39 application developed by Rohlf (2003) 

(Fig. 63). The landmarks used are: l=anterior tip of snout, 2=posterior tip of upper jaw, 

3=anterior extreme of eye, 4=posterior extreme of eye, 5=posterior tip of head at the end 

of the flap, 6=anterior extreme of dorsal-fin base, 7=posterior extreme of dorsal-fin base, 

8=anterior extreme of adipose-fin base, 9=posterior extreme of adipose-fin base, 

10=dorsal lowest point of caudal peduncle, 1 l=midpoint of the posterior margin of the 

hypural plate, 12=ventral highest point of caudal peduncle, 13=posterior extreme of anal-

fin base, 14=anterior extreme of anal-fin base, 15=anterior extreme of pelvic-fin base, 

16=posterior extreme of pectoral-fin base, and 17=anterior extreme of pectoral-fin base. 

The shape variation was analyzed using TPSrelw vl .23 application (Rohlf, 2003). 

The technique involves the superimposition and alignment of all the specimens to a 

consensus, showing the changes in function of the averaged Procrustes distance in 

Kendall's shape space among the consensus and the entire sample of data, using 

generalized orthogonal least-squares (GLS) (Rohlf and Slice, 1990). The alignment is 

then projected to a tangent shape space (Rohlf 1999b, 2000) in which a principal 

components arrangement known as relative warps is performed using a partial warp 

matrix (Bookstein, 1989, 1991, 1996; Rohlf, 1996, 2000). Relative warps are principal 

component vectors in the space used to describe the major trends of the shape variations 

between the specimens as deformations to a reference (Rohlf, 1999a). TPSsmall (Rohlf, 
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1999a) application was used to check if the tangent projection is close to the original 

Kendall's shape space defined by the whole data. 

The weighted matrix of the partial warps that was obtained in TPSrelw was 

introduced in the statistic software SYSTAT v.9.0 to perform a step by step discriminant 

analysis using a jackknife procedure. Once it was established that there were significant 

statistic differences among the species, a centroid image fi-om all the species was 

generated with TPSsuper (Rohlf, 1998a), as a value to estimate a matrix of the species 

and generate a weighted matrix of the partial warps to the averaged value of the 

landmarks configuration for each species with TPSrelw (Rohlf, 2000). 

Finally, a tree was generated using the maximum likelihood procedure developed 

by Felsenstein (2001) in the program PHYLIP v 3.6 using the routine CONT (continuous 

variables, no rooted tree, randomized order of the sample, and 100 replicates). This tree 

produces a phylogenetic hypothesis. Later the tree was introduced in the program 

TPStree (Rohlf, 1999a) to find how its topology can reflect the changes in form. 

RESULTS AND DISCUSSION 

TANGENT DISTANCES VS PROCRUSTES DISTANCES 

Procrustes distance and tangent space distance of the shapes of the sea catfishes 

were compared. The relation of the regression between the shape spaces was almost 

lineal, with none of the studied specimens showing any significant deviation from the 

slope determining the relation between the shape spaces (Fig. 64). Table 6 includes the 
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maximum, minimum, and mean values of the Procrustes and tangent distances, as well as 

the slope (0.999439) and correlation (1) values. Marcus et al. (2000), in their 

morphometric analysis of mammal skulls, show slope and correlation values of 0.9947 

and 0.9997, respectively. Even though there are differences in the configuration of the 

spaces, the distortion of the multidimensional space projection (Procrustes distance) in 

the tangent space is small enough to allow the use of the traditional statistic methods to 

describe the variation in shape, as it was proposed by Rohlf (1999b). 

RELATIVE DEFORMATION WARPS AND DISCRIMINANT ANALYSIS 

After aligning and overlapping the group of landmarks for the 104 specimens, the 

first three deformation axes accumulate 80.5% of the information on the body form 

variation. The graphics of the relative deformation warps show that the species get 

organized in three groups in the ordination (Fig. 65 A: Ix vs ly; Fig. 65B: Ix vs 2x) 

which are relatively well separated. Bagre bagre (points 35 to 51 in the ordination) and 

B. pinnimaculatus (points 88 to 104) appear in the positive space of Ix warp. Bagre 

marinus (points 52 to 65) and B. panamensis (points 66 to 87) appear in the middle part 

of Ix warp. On the other hand, A. seemanni (points 7 to 34) and A. platypogon (points 1 

to 6) appear in the negative space of Ix warp. Finally, B. marinus and B. panamensis as 

well as A. platypogon and A. seemanni are clearly separated on the 2x warp (Fig. 65B). 

The results obtained with the discriminant analysis allow notice the existence of 

statistical differences between the studied species (Table 7). With the Mahalanobis 

distance classification, 100% of the individuals are correctly assigned to species; after the 



jacknife procedure the percentage diminishes to 99% (Table 8). With the canonic 

functions, the cumulative variation for the first and second factor is 85.66%. The 

ordination of the species using the first three canonic variables was similar to the one 

shovm in Figure 65; that is each one of the species pairs (A. platypogon-A. seemani, B. 

marinus-B. panamensis, and B. pinnimaculatus-B. bagre) shows a shape relatively 

similar within the space (Fig. 66). 

The way that the species are placed in the ordinations (Figs. 65 and 66) suggests 

that there is a direction in the change of the body shape that may be interpreted as a signal 

of the phylogeny of the group, due to the low diversity of shapes in the bulk of analyzed 

data. This differs clearly to what was found by Marcus et al. (2000) in their mammal 

skulls study. Zelditch et al. (1995), Marcus et al. (2000), and Swiderski et al. (2000) have 

clarified the objections about the homology principle (de Pinna, 1991) with this kind of 

data sets. Therefore, the features analyzed may be used to infer phylogenies without 

using cladistic methods because the codification of continuous variables is unjustified 

(Felsenstein, 1988). 

Occidentarius platypogon and Ariopsis seemanni are located in the ordinations in 

a position opposite to the species of Bagre, which may be in agreement with the outgroup 

principle. Those taxa (i. e. species, genera) that may be related but are not included in the 

target taxa may be considered part of the outgroup. Ideally the outgroup should be the 

sister group to the ingroup (Brooks et al., 1984), which then may give an indication of the 

shape changes and infer evolutionary novelties. The species closer to the consensus are B. 
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marinus and B. panamensis, while B. pinnimaculatus and B. bagre are placed as the most 

distant to the consensus (Figs. 65 and 66). 

DESCRIPTION OF THE CHANGES IN SHAPE IN RELATIVE DEFORMATION 

WARPS 

The most evident changes in shape on the first warp appear in: 

A. Head, mainly in the region anterior to the snout (landmarks one to three) (Fig. 

67). Landmark 1 may elongate, causing the forward displacement of the insertion of 

maxillary barbel (landmark 2) and the anterior border of eye (landmark 3). The 

movement of landmark 3 corresponds to the increase in eye diameter. 

B. Dorsal fin (landmarks six and seven); dorsal fin base length remains 

unchanged, however predorsal fin length changes (Fig. 67). 

C. Anal fin (landmarks 13 and 14); the length of the fin base changes, however its 

end remains invariant. Due the movement of the anterior extreme, the fin moves forward 

and, as a consequence, the pelvic fin position changes as well. 

D. Insertion and orientation of pectoral fin (landmarks 16 and 17); the insertion 

angle varies causing that the complex moves ventrally to end up parallel to the 

longitudinal body axis (Fig. 67). 

In the second relative deformation warp the body shape changes are associated to 

a dorso-ventral displacement of the landmarks. Therefore, when the shape space gets 

depressed, anal fin base length and adipose fin base length increase. If the body gets 

deeper, the base lengths of the two fins decrease (Fig. 68). 
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ADDITIVE TREE, SHAPE CHANGES AND PHYLOGENETIC HYPOTHESIS 

Figure 69 shows the additive tree obtained using PHYLIP, on which the 

variation of the landmarks position in the shape space on each one of the tree nodes was 

studied. When the distance scale is analyzed, it can be seen that B. pinnimaculatus and 

B. bagre are widely separated from the other two species of the genus. Furthermore, it is 

clear that the landmark configuration in B. marinus is the most plesiomorphic of the 

genus, making it the most adequate for shape comparisons. 

Basally the tree is a trichotomy, with the relationships between O. platypogon, 

A. seemanni, and Bagre unresolved. Therefore, the evidence provided by the 

morphometric characters was not sufficient to determine which of the two outgroup 

configurations is closer to Bagre. The tree shows the relationships between the species 

of Bagre in the same way as the ordinations (Figs. 65 and 66). 

For the phylogeny of the genus Bagre, all the available recurrent evidence 

produced by geometric morphometry (relative deformation warps, discriminant analysis, 

and additive trees) points towards the strong similarity between B. bagre and B. 

pinnimaculatus. They are also placed as the most derived species within the genus, which 

tends to back the morphological hypothesis of their close relationship. On the other hand, 

it seems that B. marinus and B. panamensis are the most generalized species, with B. 

marinus being the most plesiomorphic and, therefore, hypothetically the oldest living 

species of the genus. 

Another feature that seems to support the proposed hypothesis is the evolution of 

the number of anal-fin elements. If the hypothesis presented here is correct, the number 



of anal-fin elements has been increasing within the genus Bagre. Hence, B. marinus, 

considered the most basal species, has 21-28 anal-fm rays, B. panamensis has 25-30, B. 

pinnimaculatus has 27-32, and B. bagre has 29-37. The other species of sea catfishes in 

the western Atlantic and the eastern Pacific have 15-25 anal-fm elements (except Arius 

lentiginosus, 23-28, and two Cathorops species, 24-28) (Chapter 1) (Table 9). Therefore, 

it seems that the speciation processes linked to the evolution of Bagre have been 

accompanied by an increase in the number of anal-fin elements. The species of Bagre 

have more anal-fin rays than any catfish of the clade Ariopsis-Occidentarius-Bagre-

Sciades, which is a monophyletic group based on the morphological evidence gathered in 

this dissertation. Since no species of this clade, other than the members of Bagre, has 

more than 21 rays, it seems that the origin and evolution of the genus has been linked to 

an increase in the number of anal-fin elements. 



FIGURE 63. Location of the 17 selected landmarks (dots) over an image of Bagre marinus 
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FIGURE 64. Tangent against Procrustes distances regression for all analyzed specimens of 
Bagre, O. platypogon and A. seemanni. 
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FIGURE 65. PC A ordination plot showing the 104 specimens over two first relative 
warps, (A) Relative warp IX vs 1Y for 2D data, (B) relative warp IX vs 2X for 2D data. 
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FIGURE 66. Plot of the first two canonical factors, after Jackknife SYSTAT routine, 
showing specimens clusters: ( ^ ) Bagrepinnimaculatus, (+) B. bagre, B. marinus 
(•) 5. panamensis, (x) Ariopsis seemanni, and (•) Occidentariusplatypogon. 
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FIGURE 67. Schematic shape changes over first relative warp, (A) positive IX side, (B) 
negative IX side. Dots show consensus configuration, arrows show direction and magnitude 
of the vectors of the shape change. 
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FIGURE 68. Schematic shape changes over second relative warp, (A) positive IX side, (B), 
negative IX side. Red dots show consensus configuration, arrows show direction and 
magnitude of the vectors of the shape change. 
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FIGURE 69. Phylogenetic hypothesis (additive tree) produced using unwarped average 
species from TPSSuper procedures, as hypothetic taxonomic units for each species. 
Weighted matrix (TPSrelw) was generated with average specimens, tree was generated 
using PhyUp CONT routine (maximum UkeHhood, random order samples, no rooted, 100 
replicates). 
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TABLE 6. Maximum, minimum and medium values of the Procrustes and tangent 
distances. 

Procrustes distances Tangent distances 

Minimum 0.022922 0.022908 
Maximum 0.186963 0.18669 
Medium 0.089733 0.08969 

TABLE 7. Statistical for the discriminant analysis. 

Statistical Value F Value Probability 

Wilki's lambda 0 42.14 0 
Pillai's trace 4.19 24.436 0 

TABLE 8. Clasification matrix after jacknife procedure in the discriminant SYSTAT 
routine. Rows correspond to species and columns correspond to specimens correctly 
assigned (%) to their original taxa. 

Species O. platypogon A. seemanni B. bagre B. marinus B. panamensis B. pinnimaculatus Assignation percentage 
0. platypogon 6  0  0  0  0  0  100% 
A. seemanni 0  2 8  0  0  0  0  100% 
B. bagre 0  0  1 7  0  0  0  100% 
B. marinus 0  0  0  1 4  0  0  100% 
B. panamensis 0  0  0  0  2 2  0  100% 
B. pinnimaculatus 0  0  1  0  0  1 6  94% 
Total 2 8  1 8  1 4  2 2  1 6  99% 



TABLE 9. Anal fin rays range in the genera and selected species of neotropical marine 
ariids. It is indicated whether the taxon occurs in the western Atlantic (WA) or in the 
eastern Pacific (EP) and the number of species in each ocean. 

Genus or species Anal-fin rays WA EP 
Ariopsis 17-20 3 2 
Notarius 17-22 7 6 
N. lentiginosus 23-28 — 1 
Occidentarius platypogon 18-20 — 1 
Bagre bagre 29-37 1 — 

B. marinus 21-28 1 — 

B. panamensis 25-30 — 1 
B. pinnimaculatus 27-32 — 1 
Cathorops 19-25 6 6 
C. multiradiatus 24-28 — 1 
C. posadai 24-27 — 1 
Galeichthys 14-18 — 1 
Sciades 16-21 5 1 
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CHAPTER 3. A REVIEW OF MOUTHBROODING, 

A RARE SPECIALIZATION OF THE TELEOST FISHES 

The aim of this review is to develop a modem and phylogenetically accurate 

discussion of mouthbrooding in bony fishes. Therefore, a review of its placement in the 

parental care scheme will be made first. Thereafter, the evolution of this adaptation in the 

different teleost clades where it has been studied will be done, trying to establish if 

mouthbrooding is a state contributing to the success of a given supraspecific taxon, 

measured in terms of species richness and/or distribution range. The account will end 

with a general discussion of the importance of mouthbrooding, proposing some points 

deserving additional research. 

MOUTHBROODING AS A FORM OF PARENTAL CARE 

Parental care has been defined as any investment by a parent, other than egg yolk, 

that increases the survival of the offspring until they are independent of all parental 

resources (Sargent et al., 1987), as non-gametic contributions that enhance the survival 

and reproductive success of the care-giver's offspring (Blumer, 1982), as an association 

between parent and offspring after fertilization that enhances offspring survivorship 

(Sargent and Gross, 1993), or as investment into offspring after fertilization (Werren et 

al., 1980, Gross and Sargent, 1985). Keenleyside (1979), on the other hand, excluded the 

cases of viviparous fishes, as well as those fishes that cover their fertilized eggs with 

gravel and then desert them, defining parental behavior as any activity performed by one 
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or both parents, after spawning has occurred, that contributes to the survival of their 

offspring. 

Balon (1975, 1981b, 1984) coined the term reproductive guilds, meaning the 

distinct patterns that the reproductive styles of fishes exhibit, and created a system of 

reproductive guilds. He envisioned these guilds as evolutionary trends, viable steady 

states included in the reproductive and developmental variations. He concluded that 

significant variations within each guild lead to the selection of key adaptations to cope 

with changes in environments and associations, forming the ground for the evolution of 

new reproductive styles. The reproductive styles were divided by Balon (1975, 1984) in 

three ethological sections ordered by hypothesized evolutionary trajectories: nonguarders, 

to include the ecological groups of the open-substratum egg-scatterers and the brood 

hiders, guarders, to include the substratum choosers and the net spawners, and bearers, to 

include the external bearers and the internal bearers. 

Within the category of the external bearers, Balon (1975, 1984) grouped five 

different kinds of brooders: transfer, auxiliary, mouth, gill-chamber, and pouch. 

Mouthbrooding appears to be a unique teleost specialization within the vertebrates and 

probably through the whole animal kingdom. The only vertebrates with some sort of 

brooding that can be compared to the mouthbrooding of teleosts are amphibians. In the 

South American frog Rhinoderma darwini (family Rhinodermatidae) the male picks up 

the eggs with his tongue when they are almost at the hatching point and the embryos are 

moving inside them (Cochram, 1961). They are then deposited in his vocal pouch, where 

they hatch, pass the larval period, and emerge after completing their metamorphosis. In 
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the Australian frogs of the genus Rheobatrachus (family Leptodactylidae) the female 

practices gastric brooding (Tyler, 1985). Referring only to the methods of carrying eggs, 

Keenleyside (1979) defined mouthbrooding when eggs are carried inside the parent's 

buccal cavity. Blumer (1979, 1982), however, defined oral brooding as holding eggs and 

fry in the mouth or gill chamber during their development, and added that this form of 

parental care typically ends with the release of free-swimming fry. Carrying the eggs in 

the gill-chamber seems to be practiced only by some species of Amblyopsidae 

(Eigenmann, 1909). For the purpose of this work, the term mouthbrooding will be used to 

refer only to those fishes that hold their offspring in the buccal cavity. 

Balon (1977) proposed that mouthbrooding is a strategy with many adaptive 

fianctions, and that it is an advanced form of brood hiding, which is a general strategy in 

fishes. Oppenheimer (1970) originally indicated that selection for mouthbrooding may 

come from new habitat invasion, competition for nest sites, new courtship patterns, or to 

avoid offspring predation. Baylis (1981) suggested that temporal variation in physical 

factors associated with the adequate development of the zygote would be another factor 

selecting for mouthbrooding. Holding the offspring in the mouth would allow parental 

care under circunstances where local conditions are strongly subject to change in time, 

because the parent would behaviorally seek and stay in a place of favorable physiological 

conditions. Stressing the importance of mouthbrooding for predator protection forgets 

that it exposes the offspring to the same predators with which the adults have to deal 

(Baylis, 1981). Balon (1984) argued that the increase in size and specialization at the time 
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of first exogenous feeding is a valuable gain with clear survival consequences, which 

moves the emphasis from hatching to the time of first exogenous feeding. 

Balon (1981a) hypothesized about the probable polyphyletic evolution of 

mouthbrooding and proposed four possible origins. First, it may have evolved from the 

substrate guarders' practice of cleaning and taking eggs into the mouth during hatching, 

and of transfering the brood orally from an incubation substrate to nursery pits. Transfer 

brooders (fishes that carry their eggs for a certain time before depositing them) as well as 

aphrophiles (froth nesters) were also proposed as originators of mouthbrooding (Balon, 

1981a). Finally, he presented the case of Tachyrus argyropleurodon, the female of which 

forms a basket with the pelvic fins where she deposits her eggs and from where they are 

transferred directly to the mouth of the male. Balon (1981b) showed that the members of 

the mouthbrooding guild are usually not comparable and vary according to the 

investment in the production of gametes, because they present various sizes, number, and 

yolk density. They also vary in their investment in parental care, which includes limited 

oral transfer from pit to pit, oral brooding and release when the juveniles transfer to 

exogenous feeding, and retention of the feeding fry in the mouth. Barlow (2000), limiting 

his essay to cichlids, proposed a classification of the different expressions of 

mouthbrooding. Barlow's (2000) terminology will be used herein for each case 

discussed, with the aim of allowing a compleat comparison. 

Churning, the vigorous rotation of eggs in the buccal cavity, is an activity that 

cleans and ventilates the eggs, which supposedly is a necessity for the eggs's survival. 

This activity was considered analogous to fanning in the substrate guarders 
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(Oppenheimer and Barlow, 1968). However, Balon (1981b) discussed that some 

mouthbrooding fishes have their mouth so packed by the eggs that churning is virtually 

impossible, and that even obligate the brooding parent to respire using only the gill 

apertures. Ostlund-Nilsson and Nilsson (2004) discussed mouthbrooding in two species 

of cardinalfishes in relation to hypoxia; they concluded that mouthbrooding significantly 

reduced the ability to take oxygen at low ambient oxygen levels. They also suggested that 

there is a trade-off situation between hypoxia tolerance and brood size. Balon (1979, 

1981) proposed that embryos' endogenous oxidative metabolism via carotenoids would 

replace the ventilatory function of churning, making tempting the possibility of 

separating a guild of churning mouthbrooders from a more specialized guild of 

nonchuming mouthbrooders. The presence of that supplementary endogenous oxidative 

metabolism can be directly related to the delayed hatching of ovophilous mouthbrooders 

(Balon, 1984), also known as delayed mouthbrooders (Keenleyside, 1991). Nevertheless, 

Keenleyside (1979) called attention about another function of churning, prevention of 

disruption of normal development that could be caused by heavy yolk lipids settling in 

one region of eggs that are not frequently rotated. 

PHYLOGENETIC FRAME TO STUDY ADAPTATIONS 

It is generally accepted that an adaptation is the transformation of existing 

characters by natural selection in order to increase the organism's fitness (Coddington, 

1988,1990; Losos and Miles, 1994). In the last years macroevolutionary studies of 

adaptation have explicitly incorporated the concepts and methods of phylogenetic 
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systematics in order to discriminate adaptation from alternative explanations of character 

evolution (Donoghue, 1989, Larson and Losos, 1996). Previously, most studies of 

character evolution had relied on ahistorical correlations, which do not take into account 

the number of times that a trait appeared and that overlook the direction of temporal 

sequence of character change (Donoghue, 1989). Using phylogenetic systematic 

terminology any novel modification is an apomorphy, but in order to be considered an 

adaptation it should have its origin from natural selection, increasing the fitness conferred 

over the pre-existing character state (plesiomorphy) (Coddington, 1988, 1990). 

Furthermore, two predictions are made when it is hypothesized that a character 

has evolved as an adaptation (Larson and Losos, 1996): first, that the feature evolved in a 

given selective regime, and second, that in such regime the character is more 

advantageous. Nevertheless, some criticisms of the phylogenetic approach to the study of 

adaptations have been published. Leroi et al. (1994) concluded that phylogenetic patterns 

will frequently lead to erroneously acceptance of a trait as an adaptation when it is not, 

and will indicate that it is not an adaptation when it is indeed. They based their assertions 

on consideration of the genetics of character evolution, on error of the concept of 

selective regime, and on their acceptance of inductive methods for scientific research. 

Larson and Losos (1996) refuted most of their criticisms, and ended rejecting the 

inductive arguments used to attack the testing of adaptations under the framework of 

historical hypotheses. Frumhoff and Reeve (1994) criticized the use of parsimony in the 

phylogentic approach and identified a key assumption, that the evolution of a character 

can be reconstructed with accuracy. Nevertheless, Schultz et al. (1996) showed that error 
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rates for reconstruction of ancestral are considerably lower than those found by Frumhoff 

and Reeve (1994). 

PHYLOGENETIC ANALYSIS 

The list of families in which mouthbrooding has been documented is presented in 

Table 10. The situation within the families Cyclopteridae and Liparidae is confusing; 

DeMartini (1978) did not mention mouthbrooding in his short account of the 

reproduction of Liparis fucensis. Therefore, those families will not be analyzed here. In 

six families, grouped in three orders, more than half of the included species are 

mouthbrooders. Those cases will be discussed following the traditional evolutionary 

sequence. Charting of character evolution is made with MacClade 4 (Maddison and 

Maddison, 2003). 

SUPERORDER OSTEOGLOSSOMORPHA 

Li and Wilson (1996) presented a hypothesis of phylogenetic relationships for the 

osteoglossomorphs. They divided the group in two orders: Hiodontiformes, to include 

three fossil Paleogene genera and the living genus Hiodon, endemic to North America, 

and Osteoglossiformes. The osteoglossiforms were subdivided in two suborders: 

Osteoglossoidei with one family, and Notopteroidei with four families, one of them from 

the Cretaceous and the Paleocene. The family Osteoglossidae includes five living and 

five extinct genera, grouped in two subfamilies. The notopterioids include the living 

families Notopteridae with four genera, Mormyridae with about 18 genera, and the 

monotypic Gymnarchidae (Roberts, 1992; Nelson, 1994). Recently, Lavoue and Sullivan 



210 

(2004) published a fairly complete molecular study of the systematics of the 

Osteoglossomorpha. Their results coincide strongly with the morphological hypothesis of 

Li and Wilson (1996); the only difference is in the position of the genus Pantodon. Li and 

Wilson (1996) included it within the subfamily Osteoglossinae; Lavoue and Sullivan 

(2004) consider Pantodon the sister taxa to all other Osteoglossiformes. The precise 

placement of the derived genus Pantodon has been extensively debated in the bony-

tongue literature (Lavoue and Sullivan, 2004); nevertheless, it will be herein accepted as 

the sister taxa to all other Osteoglossiformes. 

None of the two species of Hiodon has been reported as involved in any form of 

parental care (Greenwood, 1998). Pantodon buchholzi is the only species of its genus, the 

one considered sister taxa to the other osteoglossiforms. Although it has been reported 

that the male of this species guards the eggs, there are still some doubts about the type of 

parental care involved (Blumer, 1982). The two living genera of the osteoglossid 

subfamily Heterotidinae are well knovra as guarders and nest builders (Greenwood, 

1998). In the case of Arapaima gigas both parents are reported to guard the nest; Balon 

(1975) reported that the male of Heterotis niloticus is in charge of guarding the nest. The 

two Osteoglossinae genera, Osteoglossum and Scleropages, are mouthbrooders. The male 

of at least one of the neotropical species, O. bicirrosum, is recognized as the one in 

charge of taking care of the brood (Greenwood, 1998). Merrick and Green (1982), 

Greenwood (1998), and Allen et al. (2002) stated that females were in charge of 

mouthbrooding in Scleropages. However, Scott and Fuller (1976) reported, maybe 

erroneously, that in the Asian S. formosum the male is the mouthbrooder. It seems, 
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therefore that in the osteoglossids one of the genus (Osteoglossum) is patricavus and the 

other (Scleropages) is matricavus. The only references about parental behavior in the 

notopteriods mentioned that a nest is built by Gymnarchus niloticus (family 

Gymnarchidae) and for some Chitala (family Notopteridae), and that one of the parents 

(probably the male, at least in notopterids) protects the offspring (Blumer, 1982; 

Greenwood, 1998). 

The evolution of parental care in the superorder Osteoglossomorpha was charted 

on the tree proposed by Lavoue and Sullivan (2004). There are two equally parsimonious 

reconstructions (three steps) for the evolution of mouthbrooding and parental behavior in 

general in this clade. Beginning with no parental care (Fig. 70), this behavior may have 

appeared within the osteoglossiforms in the Jurassic, before the speciation event that 

separated Osteoglossoidei and Notopterioidei. Then, mouthbrooding may have evolved 

from nest building and egg and fry guarding sometime in the Middle Jurassic to Early 

Cretaceous, after the speciation event that split the Heterotinae and the Osteoglossinae, 

this one with male mouthbrooders, but probably before the splitting of Australia from 

Gondwanaland. Finally and assuming that mormyrids lack parental care, this behavior 

may have been lost sometime after the Eocene speciation event that separated 

mormyroids from the other notopteroids. The alternative reconstruction implies that 

parental care is plesiomorphic for the osteoglossomorphs, and that it was lost in the 

hiodontids sometime after the speciation event that separated the Hiodontiformes from 

the Osteoglossiformes. This reconstruction would mean that parental care is 

plesiomorphic for the teleosts and therefore dates to the Triassic. Considering that Amia 
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calva, the only living representative of the widely accepted sister group of the teleost (de 

Pinna, 1996), is a nest builder and egg and fry guarder (Wiley, 1998), this reconstruction 

does not contradict any currently accepted phylogenetic hypothesis of teleostean 

evolution. 

Osteoglossids show a tendency to have relatively large mouths slightly tilted 

upwards, as in Arapaima. This character may be an exaptation (Arnold, 1994) for 

mouthbrooding that may have predated by several millions of years the appearence of 

this kind of parental care (Li and Wilson, 1996). The mouthbrooding osteoglossid genera 

share the presence of a pair of prominent sensory chin barbels (Greenwood, 1998). This 

synapomorphy may be important for prey capture in this clade, but may also haVe a 

function in mouthbrooding. A comparison between the number of species of different 

families and genera of osteoglossomorphs is presented in Table 11. Clearly the family 

Mormyridae, the only clade that may lack parental care, is one order of magnitude more 

speciose than all the other osteoglossomorphs combined. 

However, the mormyrids are a highly derived group, and their astounding 

evolutionary success may be related to such characters as the presence of an enormous 

cerebellum and of electric organs (Nelson, 1994; Greenwood, 1998) and not to the loss of 

parental care. Within the family Osteoglossidae, the two mouthbrooding genera 

outnumber in living species the two monotypic genera of nest builders. They also show a 

wider distribution as a group, occurring in rivers of three continents (South America, 

Asia, and Australia) (Nelson, 1994). The nest builders, on the other hand, are restricted to 

African and South American freshwaters. 
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ORDER SILURIFORMES 

Diogo (2004) presented a hypothesis of the relationships of the Siluriformes (Fig. 

71), with Ariidae nested in a monophyletic clade that included other six families of 

catfishes. The family Ariidae, an almost circumtropical group of 150-200 species, was 

considered, with its sister family (Claroteidae), a crown group within that monophyletic 

seven-families clade. Together the six non-ariid families include about 210 species 

(Nelson, 1994; Berra, 2001; Acero, 2003), being hence somewhat more speciose than the 

ariids (Table 12). Because ariids are known from the estuaries and coastal areas of all 

tropical continents, from the western coast of the Americas to eastern New Guinea and 

Australia, the distribution comparison with completely freshwater groups restricted to 

one continent (Schilbidae is known from Africa and Asia) shows the relative success of 

the sea catfishes. 

All the sea catfish species which biology have been studied present male 

mouthbrooding of eggs and embryos. In Barlow's (2000) terms, ariids are promptocavus 

(eggs are picked up immediately after spawning), patricavus, and iterocavus (embryos re

enter the father's mouth). Kailola (1991, 2004) included mouthbrooding together with 

nine other putative unique characters as the synapomorphies of the ariids. Some of those 

synapomorphies may be adaptations to mouthbrooding, such as the development of pads 

on the pelvic fins in the females, the low number of pelvic fin rays, the very complex and 

highly specialized pelvic musculature, the presence of buccopharyngeal pads or flaps, 

and the shedding of teeth on the roof of the mouth tooth patches in males. Balon (1975, p. 

852) presented as fact that "the female of Tachyrus argyropleurodon (sic) deposits her 
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eggs in a basket formed by the pelvic fins from which she transfers them directly to the 

mouth of the male." Unfortunately, this was taken, without quotation, from Smith (1945) 

who indicated that he "believed" that the female of Arius argyropleuron.... Anyway, the 

extraordinary development of the pelvic fins in sexually active ariid females has been 

used as a measure of their gonadal condition (Rimmer, 1985). 

The number of large, yolky eggs produced by a female sea catfish usually varies 

between 18 and 90, with reported averages varying between 49 and 141 (Galvis, 1983; 

Rimmer and Merrick, 1983; Tilney and Hecht, 1993); however, in one species, A. 

dussumieri, the range varied between 105-184 (Vasudevappa and James, 1980). Final 

release of juveniles by the male occurs between an average of 140 days for G.feliceps 

(Tilney and Hecht, 1993) and 42-56 days in all others sea catfishes studied (Rimmer and 

Merrick, 1983). Those incubation periods are clearly longer than any other reported for 

mouthbrooding fishes. 

It may be assumed that the Ariinae entered the tropical estuaries of the Tethys Sea 

by Middle Cretaceous (Diogo, 2004), and that this invasion of such a new environment 

for an Ostariophysi group may have triggered the evolution of mouthbrooding in this 

family. On the other hand, mouthbrooding may have appeared earlier than the entrance to 

brackish waters. As it was previously discussed, mouthbrooding is considered to be a 

highly derived form of parental behavior, and researchers have proposed some 

intermediate forms of care that would eventually lead to mouthbrooding. However, there 

is no indication of elaborated parental care in the putative closer relatives of the ariids, 

except that auchenipterids present internal fertilization (Ferraris, 1991), but that would 
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probably be independently derived. Considering the fact that estuaries and other coastal 

tropical areas tend to suffer strong and sudden environmental variations, it seems 

appropriate to support the idea that mouthbrooding in ariids may be an adaptation to cope 

with temporal variation in physical environment. However, other factors, such as eggs 

predator avoidance may also have contributed to the establishment of mouthbrooding in 

ariids. 

ORDER PERCIFORMES 

Four not closely related clades grouped within the perciforms have a widespread 

development of mouthbrooding: Opistognathidae, Apogonidae, Cichlidae, and 

Luciocephalidae (Table 10). Therefore, the trait seems to have evolved independently in 

those four lineages. Due to the lack of any published account about the phylogenetic 

relationships of the apogonids, no attempt will be made to discuss the evolution of 

mouthbrooding in this clade. 

The marine family Opistognathidae was traditionally considered a trachinoid, but 

Johnson (1984) and Gill and Mooi (1993) grouped it with the Percoidei. Mooi (1990) and 

Gill and Mooi (1993) claimed that they did not have proof of the monophyletic status of 

the so call "pseudochromoids," but that the five included families may be related. For the 

purpose of this work the "pseudochromoids" will be assumed to be monophyletic. Mooi 

(1990) reported that the plesiopid genus Assessor is a mouthbrooder, and mentioned that 

if Plesiopidae and Opistognathidae turn out to be the sister group of all the other families, 

then mouthbrooding may be plesiomorphic for the "pseudochromoids." In any case, 

mouthbrooding by opistognathid males is relatively well known (Thresher, 1984). 



216 

Although all the "pseudochromoids" have eggs with filaments arranged around the 

micropyle, Mooi (1990) considered that the conditions may not be homologous within 

the group. Opistognathids' eggs are characterized by a cluster of filaments forming a 

roughly circular ring around the micropyle, which form braided, rope-like entanglements 

(Mooi, 1990). This seems to be an adaptation for parental behavior, because the egg balls 

may be kept together easier by the caring parent. They are also recognized by their large 

mouth, and this may also be an adaptation for mouthbrooding, because they are mainly 

plankton and small fish eaters (Thresher, 1980). Following Barlow (2000), opistognathids 

are promptocavus, patricavus and semelcavus. 

In the phylogenetic hypothesis of Figure 72, it has been considered that the 

opistognathids are the sister group of the other four families, which are presented as an 

unresolved polytomy. Opistognathidae includes three genera: Lonchopisthus, endemic to 

the neotropics, Opistognathus, circumtropical, and Stalix, known only from the Indo-west 

Pacific (Smith-Vaniz, 1989; Hess, 1993). Due to the lack of any other hypothesis of 

relationships, this one is favored herein because of the wide geographic range of the 

opistognathids and the already allopatric distribution of their genera, that may be 

indications of their Tethys Sea origin. The number of existing opistognathid species is 

close to one hundred (Nelson, 1994), and their range includes most of the tropical areas, 

especially the neotropics (Table 13). Three of the other four families grouped in the 

"pseudochromoids" are restricted to the tropical and temperate waters of the Indian and 

western Pacific oceans, and include about 140 species, 70% of them in the family 

Pseudochromidae. The fourth family (Grammatidae), however, is endemic to the 



217 

Caribbean/Bahamas area and has only ten species. Hence, Opistognathidae is surpassed 

in number of species by the other "pseudochromoids," but its distribution is wider than of 

the other four families combined, because it is the only group occurring in the eastern 

Pacific. It is hypothesized that the widespread presence in the "pseudochromoids" of 

adhesive egg masses and of chorionic projections is an indication of demersal spawning, 

which in tropical coastal fishes is usually directly related to parental care. Then, from a 

plesiomorphic parental behavior, mouthbrooding might have independently appeared 

twice, in the opistognathids and in some plesiopids. 

Cichlidae, probably the most studied of all the tropical fish families in the world, 

includes more than one thousand mainly freshwater species (Nelson, 1994). According to 

Stiassny and Jensen (1987), it is the most basal member of the suborder Labroidei, an 

otherwise mainly marine clade of somewhat over two thousand species. However, 

Streelman and Karl (1997), based on single-copy nuclear DNA data, challenged that 

phylogenetic hypothesis, proposing that the family Labridae (including wrasses and 

parrotfishes) is the sister family to the acanthurids and those two groups are sister clade 

to the cichlids. The most parsimonious reconstruction of spawning type in the 

phylogenetic hypothesis proposed by Streelman and Karl (Fig. 73) is equivocal in regard 

the plesiomorphic state, but includes two steps. If demersal spawning is considered a 

synapomorphy of the cichlids, it would have to appear independently in the demersal 

spawning labrids (genera Labrus and Symphodus). The number of species and the type of 

reproduction or parental behavior shown by the three lineages of the suborder Labroidei 

sensu Streelman and Karl (1997) is presented in Table 14. It is seen that the cichlids 
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exceed in number of species their sister taxa. However, Cichlidae exhibits such a wide 

ecological diversity (Nelson, 1994), that it will be careless to assert that its amazing 

number of species is related to only one adaptation. In any case, the importance of 

mouthbrooding as an adaptation should be taken always in account, because the most 

speciose branches of the family are mouthbrooders (Table 14). Keenleyside (1979) 

estimated that over 70% of the cichlids practices mouthbrooding. 

Using the criteria of the physical relationship between parents and their offspring, 

parental care in cichlids is classified in substrate brooders and mouthbrooders, which may 

be delayed or immediate mouthbrooders (Keenleyside, 1991) or postponocavus or 

promptocavus (Barlow, 2000). If the criteria used is the sex of the care-giving adult, there 

are biparental or duocavus, maternal or matricavus, and paternal or patricavus brooders 

(Keenleyside, 1991; Barlow, 2000). Goodwin et al. (1998) studied with great detail the 

number of evolutionary transitions in parental care in cichlids. From their scheme (Fig. 

74) it is seen that mouthbrooding may have appeared independently 10-14 times and 

reversed 3-0 times. Immediate maternal mouthbrooding is the predominant parental care 

in the African clade of cichlids (Keenleyside, 1991). Goodwin et al. (1998) proposed that 

uniparental female care has arose from biparental care 21-30 times with 10-0 reversals; 

however, male-only care have evolved only once from biparental care. Since male-only 

or patricavus mouthbrooding in cichlids is only known in Sarotherodon melanotheron 

(Goodwin et al., 1998), it can be said that the general situation in this family is biparental 

(duocavus) or female-only mouthbrooding (matricavus). 
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Wimberger et al. (1998) studied the evolution of mouthbrooding in the 

Neotropical cichlid genus Gymnogeophagus within a frame of mitochondrial systematics 

and biogeography. The genus includes 16 species, some of them monomorphic substrate-

spawners and others dimorphic mouthbrooders. It was demonstrated that the most 

parsimonious reconstruction of parental care within this genus begins with an ancestral 

substrate spawning condition, leading to mouthbrooding (Fig. 75) (Wimberger et al., 

1998). Not surprisingly, they also found that the rate of molecular evolution is 

significantly more rapid in the mouthbrooding species. 

Britz (1994, 2001) presented a hypothesis of the interrelationships of the suborder 

Anabantoidei, where Luciocephalus and Betta are included in the same family, 

Osphronemidae, together with the genera Belontia and Osphronemus. That group was 

considered the sister taxa of the families Anabantidae and Helostomatidae together, 

which include about 31 species. The anabantoids are well knovm for their widespread 

parental behavior (Nelson, 1994). The male usually builds a nest of floating bubbles and 

guards the eggs; however several species of at least three genera are egg scatterers. 

Liem (1967) studied with great detail the internal morphology of Luciocephalus 

pulcher, a member of the subfamily Luciocephalinae, occurring in the Malay Peninsula 

and Archipelago. He mentioned several adaptations for mouthbrooding occurring in this 

species: exceptionally large buccopharyngeal cavity, attenuation in the growth of the 

entire preorbital region, preponderance of parallel-fibered cranial muscles, greatly 

lenghtened protactor hyodeus muscle. Riehl and Kokoscha (1993) stated that the male is 

the mouthbrooding parent (patricavus), as well as that the number of eggs is around 80 
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and that their size is smaller than 3.4 mm. Two other genera of Luciocephalinae, Ctenops 

(monotypic) and Sphaerichthys (four species), are also patricavxis mouthbrooders. 

Interestingly, in two of the species of Sphaerichthys (S. osphromenoides and S. 

selatanensis), the sister clade to Luciocephalus, the mouthbrooder parent is the female 

(matricavus). It is hypothesized that mouthbrooding was the ancestral condition for the 

Sphaerichthys-Luciocephalus clade and that mouthbrooding shifted from males to 

females in the ancestor of S. osphromenoides and S. selatanensis (Lukas Ruber, com. 

pers. 2004). The other nine luciocephaline species are not mouthbrooders, but nest 

builders and egg guarders. 

The subfamily Macropodinae, on the other hand, includes six genera and about 70 

species; most of the species (47) belong to the genus Betta. All the non-Betta 

macropodines and at least 18 Betta species build a nest of bubbles; however, at least 29 

species of that genus are patricavus mouthbrooders (Ruber et al., 2004). The 

mouthbrooding species of Betta share several derived phenotypic and behavioral states, 

such as knob-like projection on the eggs, broad and conically-outlined heads, Eind reduced 

spawning embrance. However, different studies have reached contradictory conclusions 

about the monophyly of the mouthbrooding species of Betta (Britz, 2001; Ruber et al., 

2004). Nevertheless, since the morphological evidence strongly backs the monophyly of 

the mouthbrooding species of Betta, it is considered in this work that they form a natural 

group. 

Tracing the evolution of mouthbrooding in the anabantoid group, it is clear that 

mouthbrooding appeared independently in two different lineages (Fig. 76). The 
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reconstruction begins equivocally, with demersal egg scattering or bubble nesting and 

egg guarding as the plesiomorphic state. From demersal egg scattering nest building may 

have appeared independently twice and reversed once to egg scattering. On the other 

hand, if nest building is the plesiomorphic state for the anabantoid clade, it shifted to egg 

scattering three times. In any case, it seems clear that, from nest building, parallel 

changes to mouthbrooding occurred in luciocephalines and macropodines. 

The osphronemid clade includes about 90 species (Nelson, 1994; Britz, 2001; 

Ruber et al, 2004), 36 of which have been corroborated as mouthbrooding species (Table 

15). That is, there are more nest building osphronemid species than mouthbrooders. 

However, it is also a fact that the group including mouthbrooders has at least twice as 

many species as the Anabantidae-Helostomatidae clade, which lacks mouthbrooders. 

However, because Anabantidae occurs in Africa, it is the only family of the suborder that 

exists outside southern Asia. 

CONCLUDING REMARKS 

Considering only fishes with external fertilization, Gross and Sargent (1985) 

published a hypothetical evolutionary phylogeny of parental care (Fig. 77). They 

considered four possible states: none, male, biparental, and female. They predicted that 

no care will give rise to a stable state, male care, and linked this change to the 

territoriality of males and to the fact that they pay smaller costs in future reproduction 

than females. Nevertheless, biparental care may arise in those fishes whose females 

respond to the protection given by males and are, hence, selected, leading to changes in 
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female life history, such as egg size, and to increased offspring survivorship. Males may 

be now selected to desert, destabilizing male care, and giving way to female care, which 

may in turn be unstable, too. Female selection will shift to desertion, leading hence to no 

care, and the restarting of the cycle. Mouthbrooding agrees with some of these 

assumptions, but disagrees with others as well. Male mouthbrooding is very stable, 

apparently existing at least since the Cretaceous in the case of the Osteoglossidae and the 

Ariidae. However, there is no evidence that it may lead to biparental care, maybe because 

it does not have the possibility of offering safe harbor to the females. 

Sargent et al. (1987), based on data gathered by Gross and Sargent (1985), 

modeled the tendency in fishes that parental care is associated with large sized eggs. 

They attributed this, at least in part, to the fact that parental care reduces instantaneous 

egg mortality. Table 1 compares some data about egg sizes in families with 

mouthbrooding. Bony fish eggs diameters usually range between 1 and 2 mm, with some 

exceptions as the salmon with eggs as large as 6 mm (Blaxter, 1969; Johnson, 1984). The 

egg size of two of the three non-perciform mouthbrooding lineages (Osteoglossidae and 

Ariidae) is one order of magnitude larger than those figures. Only the eggs of the 

claroteid Phyllonemus typus are relatively small (3.3-3.4 mm), but mouthbrooding adults 

of that species are usually smaller than 9 cm SL (Ochi et al., 2000). 

However, one family (Apogonidae) shows very interesting deviations from the 

tendencies exhibited by other mouthbrooding taxa. First, there is an extraordinary 

variation in the number and size of eggs carried by the apogonid bearer. To illustrate. 

Smith et al. (1971) reported for Cheilodipterus qffinis (=Apogon qffinis) figures of 21,000 
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eggs 0.35-0.4 mm in diameter; Chamey (1976) measured the eggs of Phaeoptyx conklini 

and A. maculatus, finding equal mean diameters in both cases (0.24 mm). Nevertheless, 

Hale (1947) published the illustration of the cold temperate Australian Vincentia 

conspersus holding about 150 eggs, 4.5 mm in diameter each (Fig. 78). Randall et al. 

(1997) mentioned that the typical female apogonid lay an "egg mass containing up to 

several hundreds ova." Second, inmediate (promptocavus) mouthbrooding is usually 

practiced by only one parent (unicavus). The corroborated exceptions to this are 

Phyllonemus typus (Claroteidae) (Ochi et al., 2000), Sarotherodon galilaeus (Cichlidae) 

(Keenleyside, 1991), and^. affinis (Apogonidae) (Smith et al., 1971). In this latter 

species, of 13 specimens carrying eggs ten were males and three females. Unfortunately, 

recent apogonid researchers (Okuda et al., 2002; Ostlund-Nilsson and Nilsson, 2004) 

have overlooked the Smith et al. (1971) report, emphasizing that only males are 

mouthbrooders in this family. Apogonids are small-sized plankton feeders (usually 

smaller than 10 cm) very abundant numerically in reefs and other shelf environments in 

all tropical to cold temperate situations (Thresher, 1980; Nelson, 1994). On the other 

hand, osteoglossids and ariids are usually predators as adults, reaching sizes over 30 cm 

(Kailola and Bussing, 1995; Greenwood, 1998; Acero, 2002). Whether the published 

variation in mouthbrooding in the apogonids is phylogenetically established or is an 

ecological trait should be determined after a detailed study of the evolution of this family. 

It is also possible that the very different life styles of the Apogonidae, on the one hand, 

and of the other mouthbrooding families, on the other, may be related to the radical 

variations in eggs size and numbers of the apogonids. It is also important to take in 
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consideration that apogonid larvae, 2-4 mm in length, stay in the plankton for up to 

several weeks (Randall et al., 1997). 

From this account it can be seen that mouthbrooding has appeared independently 

in bony fishes at least eight times. Then, it would be appealing to conclude that 

mouthbrooding is a homoplastic state of parental care. However, in the six fish families 

discussed here this behavior shows important differences (Table 1), regarding the sex of 

the caregiving parent and whether the number of eggs is small, large or rather variable. 

Also, the mechanics involving spawning and mouthbrooding are different whenever they 

have been compared. Therefore, it can be seen that mouthbrooding is analogous but not 

homologous and hence homoplasy is only apparent. The only character that not 

surprisingly seems to be correlated with mouthbrooding in most groups is a large mouth 

and/or buccopharyngeal cavity. 

Mouthbrooding is a relatively rare form of parental behavior, showed by no more 

of 5% of the families with at least one parent taking care of the offspring [Blumer (1982) 

compiled about 422 families with parental care]. Gebhardt (1987) discussed the supposed 

predominance of parental care within freshwater fishes when compared to marine ones. 

He concluded that there is not enough evidence for that assertion, because most of the 

freshwater families with parental care have a marine origin and the percentage of primary 

freshwater families with parental care is relatively low. Reported evidence about 

mouthbrooding (Table 1) tends to support Gebhardt (1987) because only one primary 

freshwater family (Osteoglossidae) shows this form of parental care. The other families 

with important mouthbrooding are secondarily freshwater (Cichlidae and 
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Luciocephalidae) or marine (Opistognathidae and Apogonidae). The family Ariidae is the 

only speciose and circumtropical group of catfishes with mostly marine or estuarine 

species and is the only family of the Ostariophysi, the clade that dominates world's 

freshwaters, showing a high development of mouthbrooding. Several avenues of research 

are required if the phylogenetic and adaptive value of mouthbrooding is going to be 

determined with certainty. Some of them are: careful study of parental behavior in the 

order Osteoglossiformes, elucidation of the mating process in the family Ariidae, and 

reanalysis of the mouthbrooding system in the family Apogonidae. 



226 

llllllllll equivocal 

FIGURE 70. Phylogenetic tree mapping the evolution of parental behavior in the 
superorder Osteoglossomorpha. 0=No parental behavior, l=Nest building and egg and fry 
guarding, 2==Mouthbrooding. The hypothesis of relationships is from Lavoue and Sullivan 
(2004). 
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FIGURE 72. Phylogenetic tree mapping the evolution of parental behavior in the 
"pseudochromoids". 0=Egg guarding, l=Mouthbrooding. 

"O 

equivocal 

FIGURE 73. Phylogenetic tree mapping the evolution of spavming type in the suborder 
Labroidei. 0=Pelagic spavming, l=Demersal. The hypothesis of relationships is from 
Streelman and Karl (1997). 
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FIGURE 75. Phylogenetic tree mapping the evolution of mouthbrooding in the neotropical 
cichlid genus Gymnogeophagus (modified from Wimberger et al., 1998). 0=Substrate 
spawners, l=Mouthbrooders. 
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FIGURE 76. Phylogenetic tree mapping the evolution of mouthbrooding in the suborder 
Anabantoidei. 0=No parental care, l=Nest building and egg guarding, 2=Mouthbrooding. 
The hypothesis of relationships is from Britz (1994,2001) and Riiber et al. (2004). 



232 

^ Mite \ 

BIPARENTAL 
13% 

Mite ^ ^ 

\ \ I ^ /  /  ^  

k - .  
/Femirie'^. 
Qjparental; 

3% 

MALE 
49% 

\ jC 

X 

Femate 
X 3% ' 

"S. / 

FEMALE 
7% 

• X 
/ MMe ^ 
. No Care, 

V 8% / 
V , 

I 

NO CARE 

F©mde 
No Care 
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external fertilization (modified from Gross and Sargent, 1985). 



FIGURE 78. A mouthbrooding specimen of the apogonid Vincentia conspersa (modified 
from Hale, 1947). 



234 

TABLE 10. Families of fishes with mouthbrooding clearly demonstrated and their 
characteristics, including the sex of the mouthbrooder, the habitat (E estuarine, F 
freshwater, M marine), the percentage of species practicing mouthbrooding, and the 
number and diameter of the eggs. Based on the papers cited in the text and on Colin and 
Ameson (1978), Rimmer and Merrick (1983), Kuwamura (1986), Ribbink (1990), and 
Schmidt (1996). 

TAXA CHARACTERISTICS 

Sex Habitat Percentage Number Egg diameter 

Superorder Osteoglossomorpha 

Family Osteoglossidae Female/Male F 70 20-180 10 to 19 

Order Siluriformes 

Family Ariidae Male M, E,F 100 14-184 10 to 20 

Family Claroteidae Female/Male F <2 12 to 70 3.3-3.4 

Order Perciformes 

Family Opistognathidae Male M 100 1.000 0.8-0.9 

Family Plesiopidae Male M 7 ? ? 

Family Apogonidae Female/Male M,F 100 150-21,000 4.5-<0.7 

Family Cichlidae Female/Male F >50 6-200 2.8-7.1 

Family Osphronemidae Female/Male F 48 18-250 1.2-3.0 

TABLE 11. Number of species in the families and genera of the Osteoglossomorpha (taken 
from Roberts, 1992; Nelson, 1994; Greenwood, 1998). The type of reported parental care 
and the distribution of the taxa are also indicated. 

Taxa Number of species Parental care Distribution 

Family Hiodontidae (Hiodon) 2 No North America 
Family Pantodontidae {Pantodon) 1 Nest guarding? Africa 
Family Osteoglossidae 7 Nest guarding, mouthbrooding 
Arapaima 1 Nest guarding South America 
Heterotis 1 Nest guarding Africa 
Osteoglossum 2 Mouthbrooding South America 
Scleropages 3 Mouthbrooding Asia, Australia 

Family Notopteridae 8 Nest guarding 
Notopterus 1 ? Asia 
Chitala 4 Nest guarding Asia 
Papyrocranus 2 ? Africa 
Xenomystus 1 ? Africa 
Family Mormyridae (18 genera) 198 No Africa 
Family Gymnarchidae (Gymnarchus) 1 Nest guarding Africa 
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TABLE 12. Number of species in the family Ariidae and their hypothesized closest taxa and 
the habitat and geographical areas where they occur (taken from Nelson, 1994; Berra, 2001; 
Acero, 2003). 

Taxa Species Habitat Distribution 

Family Ariidae 150-200 Estuaries, coasts Circumtropical 

Family Claroteidae 90 Freshwater Africa 

Family Austroglanididae 3 Freshwater Africa 
Family Ictaluridae 45 Freshwater North America 

Family Cranoglanididae 3 Freshwater Asia 

Family Schilbeidae 45 Freshwater Asia/Africa 
Family Pangasiidae 26 Freshwater Asia 

TABLE 13. Number of species in the families and some selected genera of the 
"pseudochromoids" (taken from Nelson, 1994; Mooi, 1995). The geographical range of the 
taxa, and the form of parental care practiced is also included. Information taken from the 
literature cited in the text and in Table 10. 

Taxa Number of species Distribution Parental care 

Family Pseudochromidae 98 Indo/west Pacific Nest guarding 

Family Grammatidae 10 Caribbean/Bahamas Nest guarding 

Family Plesiopidae 45 Indo/west Pacific Nest guarding, mouthbrooding 

Assessor 3 Australia Mouthbrooding 

Family Notograptidae 2 New Guinea/Australia ? 
Family Opistognathidae 90 circumtropical Mouthbrooding 

Lonchopisthus 10 neotropical Mouthbrooding 

Opistognathus 60 circumtropical Mouthbrooding 

Stalix 11 Indo/west Pacific Mouthbrooding 
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TABLE 14. Number of species and type of reproduction shown by selected labroid groups 
(Nelson, 1994; Goodwin et al., 1998; Parenti and Randall, 2000). 

Taxa Number of species Reproduction/Parental care 

Family Cichlidae 
"basal cichlids" 
"neotropical cichlids" 
"most African cichlids" 
Family Labridae 
"suborder" Acanthuroidei 

1,400-1,5GO Mouthbrooders, subsfrate spawners 
<100 Substrate spawners 
350 Substrate spawners (>90%) 

>700 Mouthbrooders (>80%) 
542 Pelagic spawners (>90%) 
125 Pelagic spawners 

TABLE 15. Number of species, distribution, and type of parental behavior of the main 
clades of the suborder Anabantoidei (taken from Riehl and Kokoscha, 1993; Nelson, 1994). 

Taxa Number of species Distribution Reproduction/Parental care 

Family Anabantidae 30 Africa, Asia Egg scatterers. Nest builders/ofifepring guarders 
Family Helostomatidae 1 Asia Egg scatterers 
Family Osphronemidae 90 Asia Egg scatterers. Nest builders/offspring guarders, Mouthbrooders 
subfamily Luciocephalinae 15 Asia Nest builders/olfipring guarders, Mouthbrooders 
subfamily Belontiinae 2 Asia Egg scatterers, Nest builders/ofispring guarders 
subfamily Osphroneminae 4 Asia Nest builders/oflspring guarders 
subfamily Macropodinae 69 Asia Nest builders/oflspring guarders, Mouthbrooders 
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CONCLUSIONS 

In order to propose a phylogenetic hypothesis for the New World sea catfishes 

(Ariidae), a matrix of 56 morphological characters, taken mainly from the skeleton, was 

built for 26 species (three outgroup and 23 ingroup). Twelve more parsimonious trees, 85 

steps long, were found. The strict consensus tree includes 17 clades, ten of them 

supported by high bootstrap values. The sea catfishes, defined by five synapomorphies, 

have been considered a different family for about a century. They can be divided in two 

monophyletic lineages. The subfamily Galeichthyinae, including one genus and four 

species from the subtropical eastern Pacific and South Africa, is defined by two derived 

states. The subfamily Ariinae, characterized by six synapomorphies, includes the other 

sea catfish lineages and occurs in all the tropical continental shelves. 

The genus Notarius is defined morphologically by only one derived state. 

However, it shows strong molecular support. This lineage, endemic to the New World, 

includes 14 species in both coasts. The seven western Atlantic species occur from 

Colombia to southern Brasil. The seven eastern Pacific species are distributed between 

Baja California and Peru. The maximum sizes of the species oi Notarius range between 

30 and 120 cm. 

The genus Cathorops is based on eleven synapomorphies. This lineage, endemic 

to the New World, is divided in two natural groups (subgenera). Cathorops dasycephalus, 

the sister species to all other members of its genus, is a small sea catfish (maximum size 



29 cm) endemic to the eastern Pacific, between Mexico and Colombia. Cathorops sensu 

stricto includes also small-sized species (22-36 cm) from both coasts of Central and 

South America. In the western Atlantic they go from the Gulf of Mexico to Rio de 

Janeiro, in the eastern Pacific they range from the Gulf of California to northern Peru. 

The tribe Ariopsini, with 24 species, is herein described based on two uniquely 

derived characters from the lapillus otolith. This lineage, including the larger New World 

sea catfishes (maximum sizes 35-150 cm), is widely distributed in the continent. In the 

western Atlantic it ranges between Massachusetts and Tierra del Fuego; in the eastern 

Pacific it is known between southern California and central Peru. Ariopsini is divided in 

two monophyletic groups: one-for the genus Bagre and its sister species, another for the 

genera Potamarius, Ariopsis, Sciades and Genidens. 

The genus Bagre and its sister species, herein described in the new genus 

Occidentarius, form a natural group defined by two synapomorphies; O. platypogon, 

endemic to the eastern Pacific between Baja California and northern Peru, is an ocean 

going sea catfish that grows to 45 cm. Bagre is a well supported natural group defined by 

five derived states. It includes four ocean going species, equally distributed in both 

American coasts. Bagre marinus (maximum size 1 m) and B. bagre (55 cm) are known 

between Cape Cod and southern Brasil in the western Atlantic; B. panamensis (57 cm) 

and B. pinnimaculatus (70 cm) are known between southern California and central Peru. 
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Bagre pinnimaculatus and B. bagre form a species pair based on one derived 

state. Their sister species was found to be B. panamensis, based also on one 

synapomorphy; B. marinus is the most generalized member of its genus. However, this 

morphological, including morphometries, hypothesis does not coincide with recently 

proposed molecular or morphological hypothesis that have B. pinnimaculatus and B. 

panamensis as their most generalized species, respectively. If the transisthmian species 

pair formed by B. pinnimaculatus and B. bagre has been separated for about 3.2 millions 

years, the molecular clock hypothesis does not apply to their case. 

Ariopsis and Sciades form a natural group, based on one synapomorphy, found 

mainly in brackish waters and shallow coastal seas. Ariopsis species are medium sized 

(35-70 cm), sharing two derived states. The three western Atlantic species range between 

Cape Cod and western Venezuela; the two eastern Pacific species range between Mexico 

and northern Peru. Sciades includes six tropical species that may be very large (55 cm-1.5 

m); five of them are narrowly distributed western Atlantic species (Colombia to central 

Brasil) and the other is an eastern Pacific species known between Mexico and Peru. 

Based on molecular grounds, the freshwater genus Potamarius (four species from 

Mexican, Guatemalan, Brasilian and Ecuadorian rivers) is the sister species of Ariopsis. 

Genidens, with four species knovra from central Brasil to Tierra del Fuego, is also an 

ariopsin lineage based on the shape of the lapillus otolith. 
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Three ariid lineages have independently invaded freshwaters in the New World. 

They are Notarius cookei/N bonillai, Cathorops aguadulcelC. melanopus, and 

Potamarius. This may be considered a reversal to the primitive Otophysian condition. On 

the other hand, two lineages of American ariids occur in highly marine waters: 

Galeichthys peruvianus and Bagre-Occidentarius. The other ariid clades are typical 

estuarine and coastal seas dwelling fishes. 

Other than the species pair found in the genus Bagre, three additional cases of 

transisthmian sister species were detected based on morphological and molecular 

evidence. They are: Notarius cookei (EV)IN. bonillai (WA), Cathorops mapale (WA)/C. 

fuerthii (EP), and Ariopsis n. sp. (WA)M. seemanni. 

Mouthbrooding, the holding of the offspring in the buccal cavity, is a rare 

reproductive adaptation of teleost fishes. It has been reported in eight families grouped in 

three orders. Families Osteoglossidae (order Osteoglossiformes), Ariidae and Claroteidae 

(Siluriformes), and Opistognathidae, Plesiopidae, Apogonidae, Cichlidae, and 

Osphronemidae (Perciformes) include mouthbrooding species. Male mouthbrooding in 

ariids is a synapomorphy characterized for few, very large eggs (less than 200, 10-20 

mm), and extended care periods (six to twenty weeks) that include the brooding of 

embryos as well. 
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