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Resumo

A ordem Characiformes representa um dos clados de peixes de agua doce neotropicais mais
diversos, morfologica e taxonomicamente. Dentro desse grupo, a familia Acestrorhamphidae,
recentemente delimitada, exibe alta riqueza de espécies. Porém, estudos prévios mostram que
a morfologia de seus integrantes ¢ altamente conservada, sendo um grande desafio para a sua
sistematica e levanta questoes sobre os processos evolutivos subjacentes a esse padrdo. Diante
disso, este estudo investiga a influéncia de fatores intrinsecos na evolu¢do e cria um contexto
filogenético temporalmente calibrado para analises de integragdo e modularidade de trés
subfamilias de Acestrorhamphidae: Pristellinae, Stethaprioninae e uma ainda ndo nomeada.
Utilizando-se de técnicas de morfometria geométrica, buscou-se quantificar a variacdo ¢ a
covariacdo na morfologia do grupo sob dois principais objetivos: I- testar hipdteses de
modularidade e integracdo morfologica com base em critérios funcionais e filogenéticos; II-
avaliar como os padrdes de integracdo e modularidade morfoldgica influenciam a evolubilidade
e a disparidade morfologica em um grupo marcado por alta diversidade taxondmica, porém
baixa diversidade morfoldgica aparente. A hipdtese de trés moddulos (cranial, pds-cranial e
caudal) apresentou a maior significancia estatistica. A modularidade apresentou sinal
ligeiramente mais forte na auséncia da filogenia, sugerindo que os padrdes de covariagao entre
modulos refletem estruturas morfologicas intrinsecas ndo totalmente explicadas pela historia
evolutiva. Ja nas analises de integracdo, as correlagcdes foram ligeiramente mais altas com o uso
da filogenia, indicando influéncia da heranga comum. Destaca-se que o mddulo caudal tende a
apresentar maior independéncia, mesmo apos considerar a filogenia. Notavelmente, a elevada
integracdo morfoldgica observada sugere que o corpo evolui como uma unidade funcional
coesa, limitando a variagdo independente entre regides anatomicas. Essa forte coordenacao
entre partes do corpo atua como um fator intrinseco de restrigdo morfoldgica, canalizando a
morfologia para trajetorias evolutivas especificas, neste caso relacionadas a hidrodinamica e
forrageamento, mas ela ndo impede a geragao de diversidade, pelo contrario, pode até moldar
a forma como essa diversidade emerge. Essas descobertas dialogam com estudos ecologicos e

paleobiogeograficos para entender como a diversidade surge e se mantém.

Palavras-chaves: Diversificacdo; Morfologia; Evolugdo; Peixes Neotropicais; Morfometria

Geométrica



Abstract

The order Characiformes represents one of the most morphologically and taxonomically diverse
clades of Neotropical freshwater fishes. Within this group, the recently delimited family
Acestrorhamphidae exhibits high species richness, yet previous studies have shown that its
members display highly conserved morphology. This poses a significant challenge for
ichthyological systematics and raises questions about the evolutionary processes underlying
such a pattern. This study investigates the influence of intrinsic factors on morphological
evolution and establishes a temporally calibrated phylogenetic framework for analyses of
integration and modularity. A total of 32 species from three subfamilies: Pristellinae,
Stethaprioninae, and one currently unnamed subfamily were analyzed. Using geometric
morphometric techniques, we sought to quantify morphological variation and covariation
within the group; test hypotheses of morphological modularity and integration based on
functional and phylogenetic criteria; and assess how these patterns influence the evolvability
and morphological disparity of a group characterized by high taxonomic diversity but low
apparent morphological variation. We tested multiple modularity hypotheses under the null
model of no modular structure, including a two-module configuration separating cranial and
postcranial regions, and a three-module configuration comprising cranial, postcranial, and
caudal modules. Notably, the caudal module consistently displayed greater independence than
the cranial and postcranial modules, even after accounting for phylogeny. The high degree of
morphological integration observed suggests that the body evolves as a cohesive functional
unit, limiting independent variation between anatomical regions. This strong coordination
among body parts acts as an intrinsic constraint on morphological change, channeling evolution
along specific trajectories, particularly those related to hydrodynamics and foraging. However,
it does not prevent the emergence of diversity; on the contrary, it may shape how such diversity
arises. These findings complement ecological and paleobiogeographic studies seeking to
understand how diversity originates and is maintained.

Keywords: Diversification, Morphology; Evolution; Neotropical Fish; Geometric

Morphometrics
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1. Introduction
1.1. Diversification drivers

Why do some lineages explode into extraordinary diversity while others remain
morphologically conservative over millions of years? What governs the tempo and mode of
evolutionary change, and how do ecological opportunities, developmental architecture, and
historical contingency interact to produce the patterns of biodiversity we observe today? These
are central questions in macroevolutionary biology and answering them requires understanding
not only how evolution proceeds, but also why it unfolds differently across clades and
environments.

To that end, researchers have broadly categorized the drivers of diversification into two
major classes: extrinsic and intrinsic factors. Extrinsic factors encompass environmental and
ecological elements that influence species evolution externally, such as climate change,
geological disturbances, ecological interactions (e.g., competition, predation), and niche
availability (Clarcke & Halliday; Middleton, 2008; Goswami, 2016; Melo et al., 2022). These
factors act upon the existing variation within a population, shaping the possible directions of
natural selection.

Intrinsic factors, on the other hand, refer to internal characteristics of organisms that
determine their capacity to vary and respond to selection. These include genetic features,
morphological modularity and integration, phenotypic traits, and ontogenetic developmental
processes (Goswami, 2006; Jablonski, 2022; Klingenberg, 2008; Olson & Miller, 1958). These
factors structure phenotypic variation in a non-random manner, either promoting or
constraining the directionality of evolutionary change.

Historically, macroevolutionary studies have emphasized extrinsic factors to explain
major adaptive radiations, mass extinctions, and biodiversity patterns (Gould & Eldredge, 1977;
Ricklefs, 2004). For instance, Melo et al. (2022) demonstrated that the rapid radiation of
Characoidei during the Oligocene coincided with the emergence of novel habitats, highlighting
the importance of ecological opportunity. At the same time, the persistence of older,
morphologically conserved lineages points to the influence of historical stability and long-term
accumulation of differentiation. Together, these observations suggest that both recent
environmental change and deep-time processes have shaped Characiform diversity. Similarly,
Dagosta and de Pinna (2019) stressed the importance of major geological events—such as the
uplift of the Andes and reorganization of the Amazon Basin—in driving speciation. Additional
studies have linked diversification in Loricariidae (Roxo et al., 2017), Cichlidae (Lopez-

Fernandez et al., 2012), and other freshwater lineages to shifting water levels and altered
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