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RESUMO

A familia Loricariidae € a mais diversa dentro do ordem Siluriformes, contendo cerca
de 980 espécies validas. Os membros da familia sdo facilmente reconhecidos por
possuirem corpos cobertos por placas dérmicas ossificadas, dentes tegumentares
abundantes e um disco oral ventral que facilita a fixacdo a superficie e a
alimentagdo. A subfamilia Loricariinae € a segunda mais diversa dentro de
Loricariidae, contendo 31 géneros e cerca de 243 espécies validas. Os membros da
subfamilia sdo facilmente reconhecidos por ter um pedunculo caudal alongado e
deprimido e por a falta de uma nadadeira adiposa. As espécies de Loricariinae estao
amplamente distribuidas pelas principais drenagens da maioria dos rios da América
Central e do Sul, sendo geralmente encontradas proximas ao substrato e
apresentando uma extraordinaria diversidade morfologica e funcional.
Tradicionalmente, a maioria dos estudos morfolégicos e ecomorfoldégicos em
membros da subfamilia e a familia, seja sob uma abordagem descritiva/comparativa
elou cladistica, focalizou o uso de caracteres osteoldgicos. Este estudo descreve e
compara a morfologia cerebral superficial dos membros da subfamilia e familia e
explora seu significado ou valor ecoldgico e filogenético. Mais de 300 espécimes
[incluindo representantes de quase todos os géneros validos de Loricariinae, bem
como de outras sete subfamilias de Loricariidae (Delturinae, Hypoptopomatinae,
Hypostominae, Lithogeninae, Neoplecostominae, “Otothyrinae” e Rhinelepinae)] e 89
caracteres foram examinados. Os resultados obtidos sugerem que o tamanho,
volume e forma relativa das diferentes estruturas cerebrais examinadas varia
principalmente com o comportamento alimentar e o ambiente preferido. Além disso,
quando analisados e avaliados em conjunto com hipdteses de relacionamento
filogenético, estes resultados podem ser considerados como evidéncia empirica
apoiando o fato de que a diversidade cerebral nos membros atuais da subfamilia e a
familia pode ser o resultado tanto do conservadorismo de nicho filogenético quanto
da radiacdo adaptativa repetida. Finalmente, este trabalho fornece dados adicionais
a serem considerados na arvore evolutiva da subfamilia e a familia, destacando a
necessidade de mais estudos integrando informacbes de diferentes sistemas
anatébmicos em um contexto filogenético. Além disso, este trabalho representa uma
base para futuras investigagdes sobre as relagbes entre a anatomia do cérebro e a

ecologia dos membros da subfamilia, familia e ordem em um contexto filogenético.
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ABSTRACT

The family Loricariidae is the most species-rich within the Siluriformes, containing
about 980 valid species. Members of the family are easily recognized by having
bodies covered by ossified dermal plates, abundant integumentary teeth and a
ventral oral disk that facilitates surface attachment and feeding. The subfamily
Loricariinae is the second most species rich within the Loricariidae containing 31
genera and about 243 valid species. Members of the subfamily are easily recognized
by having an elongate and depressed caudal peduncle and by lacking of adipose fin.
Species of the Loricariinae are widely distributed throughout the Central and South
American major river drainages, being usually found near the substrate and showing
an extraordinary morphological and functional diversity. Traditionally, most of the
morphological, and ecomorphological, studies on members of the subfamily and the
family, either under a descriptive/comparative and/or cladistic approach, have
focused on the use of osteological characters. This study describes and compares
the gross brain morphology of the members of the subfamily and the family and
explores their ecological and phylogenetic significance. More than 300 specimens
[including representatives of almost all valid genera of the Loricariinae, as well as of
other seven subfamilies of the Loricaridae (Delturinae, Hypoptopomatinae,
Hypostominae, Lithogeninae, Neoplecostominae, “Otothyrinae” and Rhinelepinae)]
and 89 characters were examined. The results obtained suggest that the relative
size, volume and shape of the different brain structures examined varies mostly with
feeding behaviour and preferred environment. Furthermore, when analyzed and
evaluated in conjunction with hypotheses of phylogenetic relationships, these results
can be considered as empirical evidence supporting the fact that brain diversity in
current members of the subfamily, and the family in general terms, could be the
result of both phylogenetic niche conservatism and repeated adaptive radiation.
Finally, this work provides considerable additional data to the evolutionary tree of the
subfamily and the family, highlighting the needing of further studies integrating
information from different anatomical systems in a phylogenetic context. Moreover,
this work could be a basis for further investigations on the relationships between
brain anatomy and the ecology of members of the subfamily, family and order in a

phylogenetic frame.
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1. GENERAL INTRODUCTION

The family Loricariidae (suckermouth armoured catfishes, armoured catfishes
or plecos) is the most species-rich within the Siluriformes (catfishes), containing
about 980 valid species (FRICKEE et al.,, 2018a) as well as several undescribed
forms. Members of the family are easily recognized from other fishes by having
bodies covered by ossified dermal plates, abundant integumentary teeth (odontodes)
and a ventral oral disk that facilitates surface attachment and feeding (REIS et al.
2003; GARG et al.,, 2010; GEERINCKX et al., 2011; LUJAN et al., 2015). The
subfamily Loricariinae is the second most species-rich within the Loricariidae
containing 31 genera and about 243 valid species (FRICKEE et al., 2018a) as well as
several undescribed forms, corresponding to about 25% of the total known diversity
within the family. Members of the Loricariinae are easily recognized from other
loricariids by having elongate and depressed caudal peduncles and by lacking of
adipose fin, among other distinctive characters (see SCHAEFER, 1987; RAPP PY-
DANIEL, 1997; COVAIN & FISCH-MULLER, 2007); they are widely distributed
throughout the Central and South American major river drainages, from southern
Costa Rica to northern Argentina (REIS et al., 2003; COVAIN & FISCH-MULLER,
2007), showing an extraordinary morphological and functional diversity (see
SCHAEFER & LAUDER, 1986; COVAIN & FISCH-MULLER, 2007; COVAIN, 2011;
LUJAN & ARMBRUSTER, 2012; LUJAN et al., 2015).

Studies focused on the phylogenetic relationships on members of the
Loricariinae, and Loricariidae, in general terms, agree, in some measure, with the
monophyly of the subfamily and in the recognition of two major lineages, the tribes
Harttiini and Loricariini, whose generic composition varies between authors (see for
example the contributions of RAPP PY-DANIEL, 1997; MONTOYA-BURGOS et al.,
1998; ARMBRUSTER, 2004; COVAIN & FISCH-MULLER, 2007; COVAIN et al.,
2008, 2010, 2016; ROXO et al., 2019). Despite of such studies, and as noted by the
same authors, a taxonomic synthesis of the subfamily, and the family, in general
terms, is still needed in order to provide a foundation for more detailed studies on its
members, considering that (1) at lower taxonomic levels, morphological-molecular
discordance and homoplasy is still problematic or has not been appropriately
evaluated, (2) synapomorphies for many clades at/below the rank of tribe are

relatively scarce and (3) the disagreement about the monophyly and taxonomic
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validity of some genera (see RAPP PY-DANIEL, 1997; COVAIN & FISCH-MULLER,
2007; RAPP PY DANNIEL & FICHBERG, 2008; COVAIN, 2011; LONDONO-
BURBANO, 2012; COVAIN et al., 2016; ROXO et al., 2019).

Most of the morphological, and ecomorphological, studies on members of the
Loricariinae, and the Loricariidae, in general terms, either under a descriptive,
comparative (e.g., ISBRUCKER, 1979; RAPP PY-DANIEL, 1997; ARMBRUSTER,
2004; COVAIN & FISCH-MULLER, 2007; LUJAN & ARMBRUSTER, 2012) and/or
cladistic approach (e.g., SCHAEFER, 1987; RAPP PY-DANIEL, 1997,
ARMBRUSTER, 2004; among others), have focused on the use of osteological
characters; this could be understandable given (1) their “pretty well-known” utility for
comparative purposes, (2) their relative easy access and (3) the extensive literature
available (see for example REGAN, 1904; 1911; LEEGE, 1922; ANGELESCU &
GNERI, 1949; ALEXANDER, 1964; 1965; CHARDON, 1968; LUNDBERG & BASKIN,
1969; ISBRUCKER, 1979; SCHAEFER, 1987; RAPP PY-DANIEL, 1997; COVAIN &
FISCH-MULLER; 2007). On the other hand, descriptive, comparative and/or cladistic
studies considering alternative body systems, such as the brain anatomy
(neuroanatomy), in both members of the Loricariinae and Loricariidae, as well as in
other teleost fish taxa, in general terms, have been rarely addressed, and/or when
undertaken, rarely carried on in an organized fashion [see FREIHOFER, 1978;
HOWES, 1983; RAPP PY-DANIEL, 1997; PUPO, 2011, 2015; DATOVO & VARI,
2014; ROSA, 2015; PEREIRA & CASTRO, 2016; among others (see below), for
examples and a more detailed discussion]. This “extensive” exploration of
osteological characters demonstrated to be “rather efficient” for the delimitation of
most major clades within the Teleostei; however, as noted by DATOVO & VARI
(2014) and PEREIRA & CASTRO (2016), among other authors, it also resulted in the
“relatively minor attention” of alternative, and (possibly) equally or more informative,
anatomical systems.

The first investigations on the neuroanatomy of members of the Siluriformes
date to the end of the 19th century (see PUPO & BRITTO, 2018); one of the first
attempts was the work of HERRICK & HERRICK (1891) who used members of the
family Ictaluridae (bullhead catfishes) as subject of study. In the middle of the 20th
century, several studies on the external morphology of the brain took place, followed
by many papers published on the general anatomy, physiology, cytoarchitecture,

hodology and embryology of the brain and the peripheral nervous system of, mainly,
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Neartic species (see KOTRSCHAL et al., 1998; FINGER, 2000 for an overview). On
the other hand, studies on Neotropical fishes, and members of the Siluriformes,
specifically, are relatively scarce and have focused only in a few species or
supraspecific groups; e.g., members of the Callichthyidae (PUPO, 2011; PUPO &
BRITO, 2018), Heptapteridae (TRAJANO, 1994; ABRAHAO et al, 2018a),
Loricaridae (ROSA et al., 2014; ROSA, 2015; ANGULO & LANGEANI, 2017;
CHAMON et al., 2018) and Pseudopimelodidae (ABRAHAO & SHIBATTA, 2015;
ABRAHAO et al., 2018b). Furthermore, in these essentially descriptive (mainly
anatomical) contributions, the potential ecological (and phylogenetic) inferences and
correlations have been, in most cases, only superficially addressed (see ROSA,
2015; PEREIRA & CASTRO, 2016; ANGULO & LANGEANI, 2017; ABRAHAO et al.,
2018a).

1.1. Aims and dissertation structure

In accordance with the above, the main objective of this work is to describe
the general gross morphology of the brain of the armoured catfish subfamily
Loricariinae, as a baseline for comparative anatomical, taxonomic, phylogenetic and
ecological studies. Moreover, four specific objectives, corresponding each one of
them (in general terms) with one or more of the three chapters presented below,
were raised. These four specific objectives are: (1) to explore and evaluate
(quantitatively and qualitatively) the sexual and ontogenetic (post-larvae) intraspecific
variation in the gross brain morphology of members of the Loricariinae (chapter one);
(2) to explore andevaluate and describe (quantitatively and qualitatively) the
intergeneric (considering the major suprageneric taxonomic divisions) variation in the
gross brain morphology in members of the Loricariinae, also comparing it with some
external taxa within the Loricariidae, Siluriformes and Ostariophysi (chapter two); (3)
to explore and evaluate and discuss the possible correlations between the general
brain patterns observed and the sensory and behavioral ecology of the species and
supraspecific groups (chapters one and two); and (4) to evaluate the phylogenetic
significance of the neuroanatomy, in members of the Loricarinae and the

Loricariidae, following a cladistic approach (chapter three).
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5. GENERAL CONCLUSIONS

The results obtained in this study suggest that the relative size, volume and
shape of the different brain structures examined, in members of the Loricariinae and
Loricariidae, varies mostly with feeding behaviour and preferred environment;
including changes possibly related to a ontogenetic shift in the habitat/resources use.
Furthermore, when analyzed in conjunction with hypotheses of phylogenetic
relationships, the results of this study also can be considered as empirical evidence
supporting the fact that brain diversity in current members of the subfamily and family
could be the result of both phylogenetic niche conservatism and repeated adaptive
radiation. This work also provides considerable additional data to the evolutionary
tree of the subfamily and family, highlighting the needing of further studies integrating
information from different anatomical systems in a phylogenetic context. This work
could be a basis for further investigations on the relationships between brain
anatomy and the ecology of members of the subfamily, family and order in a

phylogenetic frame.
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