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APRESENTAÇÃO

O E-book “Tópicos Integrados de Zoologia” é composto por 10 capítulos que 
abordam distintos tópicos de uma especialidade da biologia que estuda os animais, a 
Zoologia. Com muita satisfação convidamos os leitores a lerem o livro que traz temas 
relevantes sobre atualidade dentro da área de Zoologia. Entender os padrões de 
diversidade dos animais e a maneira como estes se distribuem espacialmente (bem 
como suas interações com o meio ambiente – incluindo o meio antrópico) são essenciais 
para a avaliação de como essa diversidade é mantida nos diferentes ecossistemas. 
Esse entendimento pode ser de grande importância também para o planejamento 
da conservação da biodiversidade. O entendimento dos vários tópicos em Zoologia 
pode ser útil em avaliações ambientais e biologia da conservação, auxiliando para 
futuras comparações de padrões da diversidade em diferentes locais ou em diferentes 
gradientes, ou, ainda, numa mesma área ao longo do tempo, como, por exemplo, o 
processo de sucessão, após um distúrbio.

À luz das rápidas mudanças ambientais, entender a zoologia em diferentes 
vertentes é fundamental para avaliações ambientais e biologia da conservação e 
esse E-book nos traz uma série de tópicos da Zoologia que podem ajudar nesse 
entendimento.

Por exemplo, (i) é essencial avaliar a dinâmica de pesca nos diferentes sistemas 
aquáticos, aspectos de conservação ambiental e os organismos que são utilizados 
nessa prática; (ii) é fundamental conhecer as lacunas de informações sobre ecologia 
e biologia de populações de raias de água doce, bem como; (iii) entender os aspectos 
clínicos e epidemiológicos dos acidentes causados por raias de água doce e marinha, 
tanto para alertar, quanto divulgar os riscos enfrentados por esses trabalhadores; 
(iv) são crucias levantamentos de informações acerca da história de vida e aspectos 
ecológicos das espécies; pois dada a grande diversidade e elevado endemismo no 
país essas informações tornam-se particularmente importantes para a conservação 
dos organismos; (v) é extremamente relevante o conhecimento tradicional, sendo este 
um conjunto de saberes e saber-fazer a respeito do mundo natural, o sobrenatural e a 
organização social, transmitido de geração em geração; (vi) é de grande importância 
entender as relações de animais domésticos com a fauna silvestre, incluindo eventos 
de predação, transmissões interespecíficas de doenças e parasitas, hibridização e 
distúrbios diversos; (vii) é fundamental a obtenção de dados a respeito da prevalência 
de doenças em animais e os principais colaboradores para o surgimento dessas 
doenças; por fim; (viii) é importante o uso de mapas conceituais como ferramenta de 
representação gráfica para o aprendizado dos discentes. 

Como supramencionado, a zoologia está presente nas mais diversas áreas, 
desta forma, apresentamos em resumo, os dez capítulos que integram esse E-book, 
que demonstram em seus objetivos de forma aplicada e holística vários tópicos dessa 
especialidade da biologia: 

https://pt.wikipedia.org/wiki/Lista_de_especialidades_biol%C3%B3gicas
https://pt.wikipedia.org/wiki/Biologia
https://pt.wikipedia.org/wiki/Animal
https://pt.wikipedia.org/wiki/Lista_de_especialidades_biol%C3%B3gicas
https://pt.wikipedia.org/wiki/Biologia


De autoria de Andréia Abreu de Almeida e colaboradores o capítulo intitulado 
“CARACTERIZAÇÃO DA PESCA DO MAPARÁ (Hypophthalmus spp.) NO LAGO 
MUTAÇAUA, COMUNIDADE BOCA DO ARAPIRÍ, ALENQUER-PA” traz importantes 
informações sobre a caracterização da atividade pesqueira relacionada à captura 
e venda do mapará (Hypophthalmus spp.) no lago Mutaçaua, comunidade Boca do 
Arapirí, Alenquer, Pará.

No capítulo “DIMORFISMO SEXUAL DA RAIA DE ÁGUA DOCE Potamotrygon 
motoro DOS LAGOS DE VIANA, MARANHÃO”, o autor Getulio Rincon e colaboradores 
caracterizam os aspectos morfológicos externos da raia de água doce (Potamotrygon 
motoro) a fim de compreender aspectos ecomorfológicos da espécie, com foco nas 
diferenças observadas entre machos e fêmeas. 

O capítulo intitulado “ACIDENTES CAUSADOS POR RAIAS EM PESCADORES 
ARTESANAIS NO ESTADO DO MARANHÃO”, de Ingredy Eylanne Monroe Carvalho 
e colaboradores faz descrições dos aspectos clínicos e epidemiológicos dos acidentes 
causados por raias de água doce e marinhas no estado do Maranhão.

Em “FAVORECIMENTO DE ESPÉCIE INVASORA NUMA COMUNIDADE DE 
GECONÍDEOS (SQUAMATA) DA CAATINGA”, Carlos Eduardo Lima Fernandes e 
colaboradores testaram se numa área de Caatinga, uma espécie exótica de Gekkonidae 
(Hemidactylus mabouia) será dominante em áreas antropizadas, enquanto espécies 
nativas (Hemidactylus agrius e Phyllopezus pollicaris) serão em áreas preservadas.

No capítulo intitulado “REVISÃO SOBRE A DIVERSIDADE, AMEAÇAS E 
CONSERVAÇÃO DOS ELASMOBRÂNQUIOS DO MARANHÃO” Natascha Wosnick 
e colaboradores caracterizaram, por meio de uma revisão, a diversidade, abundância, 
status de ameaça e padrões de captura de elasmobrânquios no Maranhão por meio 
de dados compilados de estudos realizados nos últimos 40 anos.

O capítulo “O SABER ANCESTRAL E O USO DOS ANIMAIS POR 
POPULAÇÕES TRADICIONAIS DO DISTRITO DE JUABA-CAMETÁ (PARÁ, 
BRASIL)” de Glaize Rodrigues Wanzeler e Kelli Garboza da Costa traz registros dos 
conhecimentos etnozoológicos relacionados com o comportamento (social) e usos 
populares (medicinal, trófica e espiritual) por moradores da Vila de Juaba (Cametá, 
Pará).

Soraia Alves Buarque e colaboradores apresentam no capítulo “CÃES E GATOS 
DOMÉSTICOS EM ÁREAS PROTEGIDAS: QUAIS OS RISCOS PARA OS ANIMAIS 
SILVESTRES?” informações sobre populações de cães e gatos criadas com acesso 
livre a áreas protegidas, condições inadequadas de manejo, e os possíveis riscos para 
animais silvestres.

No capítulo intitulado “PREVALÊNCIA E SUSCEPTIBILIDADE SAZONAL DA 
MASTITE OCASIONADA POR Staphylococcus spp. EM OVELHAS SANTA INÊS 
DE NÚCLEO DE CONSERVAÇÃO IN SITU, o autor Bruno Santos Braga Cavalcanti 
e colaboradores estudaram a prevalência e susceptibilidade sazonal de três cepas 
de Staphylococcus spp. em um rebanho de ovinos Santa Inês sob sistema de criação 



semi-intensivo.
Em “MAPAS CONCEITUAIS COMO FERRAMENTA DE APRENDIZAGEM 

SOBRE GRUPOS DE METAZOÁRIOS INVERTEBRADOS”, Clécio Danilo Dias-da-
Silva e colaboradores analisaram os mapas conceituais sobre animais invertebrados 
desenvolvidos por estudantes em momento avaliativo de conteúdos em zoologia no 
ensino superior.

No capítulo “CONCEPT MAPS ON THE ACANTHOCEPHALA: EXPANDING 
POSSIBILITIES FOR LEARNING AND DIVULGING KNOWLEDGE ABOUT ANIMAL 
DIVERSITY” de João Paulo dos Santos Bezerra e colaboradores é explorado o uso de 
mapas conceituais como um dispositivo de ensino. Os autores exploram essa técnica 
para caracterizar o táxon Acanthocephala, considerando sua morfologia, fisiologia, 
ecologia e taxonomia. 

Excelente leitura!
José Max Barbosa de Oliveira Junior

Lenize Batista Calvão
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CAPÍTULO 10

CONCEPT MAPS ON THE ACANTHOCEPHALA: 
EXPANDING POSSIBILITIES FOR LEARNING 

AND DIVULGING KNOWLEDGE ABOUT ANIMAL 
DIVERSITY

João Paulo dos Santos Bezerra
Undergraduate student in Biological Sciences at 
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ABSTRACT: Acanthocephalans are 
invertebrates recognized in studies of vertebrate 
parasitology, but little studied in regular college 
courses of zoology. Due to the importance of 
considering these neglected groups, the aim of 
this paper is to explore a neglected zoological 
group through a conceptual map, providing a 

general characterization of the Acanthocephala. 
Knowledge on animal diversity was explored in 
the classroom. Basic instruction was given on 
the technique of conceptual mapping, involving 
examples of known and available animal 
groups. Specific applications were then directed 
to little-known groups. We are interested in 
providing a contextualized scientific report 
on the several components involved in the 
construction of a conceptual map. The process 
followed the following focal question: “Which 
morpho-physiological aspects are enhanced by 
a taxonomical and evolutionary characterization 
of the acanthocephalans?” A concept map for 
the Rotifera was taken as an initial comparative 
reference for the construction of a concept 
map on the Acanthocephala. This approach 
facilitated the construction of the map for 
acanthocephalans and permitted a better 
visualization of the different characters related 
to the characterization and classification of 
acanthocephalans, and also allowed the placing 
of Acanthocephala as a subgroup of the rotiferan 
lineage, in consonance with recent studies. As a 
result of this activity, a didactic graphic scheme 
was produced for use in other learning contexts. 
This conceptual map expands reasoning devices 
for the understanding of kinship relationships 
expressed in a cladogram. Conceptual maps 
represent an alternative way of expressing 
relationships into sets and subsets, and thus 

mailto:elineiaraujo@yahoo.com.br
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may complement the understanding of phylogenetic relationships as provided by the 
more traditional graphic form of a cladogram.
KEYWORDS: Conceptual learning. Invertebrates. Exploring contents. Study models.  
Biodiversity. Parasitology. Zoology

RESUMO: Os acantocéfalos são invertebrados reconhecidos em estudos de 
parasitologia de vertebrados, mas pouco estudados em cursos regulares de zoologia 
sistemática. Considerando a importância do estudo de táxons pouco conhecidos, o 
objetivo deste artigo é explorar um grupo zoológico negligenciado por meio de mapa 
conceitual, fornecendo uma caracterização geral dos Acanthocephala. O conhecimento 
sobre diversidade animal foi explorado em sala de aula, quando foi dada instrução 
básica sobre a técnica de mapeamento conceitual, envolvendo exemplos de grupos 
de animais conhecidos. Investigações específicas foram então direcionadas a grupos 
pouco familiares,  contextualizados a partir dos vários componentes envolvidos na 
construção de um mapa conceitual. Essa abordagem facilitou a construção do mapa 
para os acantocéfalos e permitiu uma melhor visualização dos diferentes caracteres 
relacionados à definição de Acanthocephala e sua classificação taxonômica. A 
abordagem também permitiu a colocação dos acantocéfalos  como um subgrupo da 
linhagem de Rotifera, seguindo estudos recentes sobre a filogenia do grupo. Como 
resultado dessa atividade, um esquema gráfico didático foi produzido para uso em 
outros contextos de aprendizagem. Este mapa conceitual expande dispositivos 
de raciocínio para a compreensão das relações de parentesco expressas em um 
cladograma. Os mapas conceituais representam uma maneira alternativa de expressar 
relacionamentos em conjuntos e subconjuntos e, assim, podem complementar o 
entendimento fornecido pela forma gráfica mais tradicional de um cladograma.
PALAVRAS-CHAVE:  Aprendizagem conceitual. Invertebrados. Explorando o 
conteúdo. Modelos de estudo. Biodiversidade. Parasitologia. Zoologia

1 | 	 INTRODUCTION

Different subjects, simple or more intricate in nature, have been explored by 
concept maps (CMs); as inferred from several bibliographical citations in Cañas, 
Reiska and Möllits (2017), there are several possibilities for using concept maps. 
According to Araújo-de-Almeida and Santos (2018), concept maps may be regarded 
as a relevant instrument for the study of animal biodiversity, both for well-known taxa, 
such as Porifera, Cnidaria, Platyhelminthes, and less-known groups, such as the 
Rotifera and Acanthocephala, documented in this article.  Kennedy (2006) stresses 
the low coverage historically given to the Acanthocephala in zoology and parasitology 
textbooks, and emphasizes that the acanthocephalans are very successful ecologically, 
as demonstrated by their cosmopolitan distribution, occurring in marine, freshwater and 
terrestrial habitats and wide range of definite hosts encompassing fishes, amphibians, 
reptiles, birds and mammals.
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When considering the use of concept maps to explore, in a teaching-learning 
context, the more abstract contents in zoology, such as  taxonomic and evolutionary 
aspects of living beings, the acanthocephalan endoparasites become an outstanding 
possibility.  According to Jones (1986, p.259):  “compared with other parasitic groups, 
the acanthocephalans have been relatively neglected, perhaps because the phylum is 
small one and few of its members are of medical or veterinary importance”. Nevertheless, 
according to Amin (1982), several major works dealing with the Acanthocephala were 
published by Hyman (1951), Yamaguti (1963), Petrochenko (1956, 1958) and Crompton 
(1970). Amin (1985, 2013) gives a detailed record on the taxonomy and systematics 
of the acanthocephalans; Amin (2013) considers the first record of the group as 
published by Redi (1684). Crompton and Nickol (1985) edited a compilation on various 
aspects of the biology of Acanthocephala. Kennedy (2006) published a comprehensive 
exposition on the ecology of acanthocephalans dealing with, among other topics, this 
taxon´s impact on ecosystems and its role as an indicator of pollution. Some aquatic 
Acanthocephala are able to accumulate heavy metals in their tissues and are potential 
bioindicators for pollution (SURES, 2003). Monks and Richardson (2013), reviewing 
the known diversity of Acanthocephala,  accepted 1.199 valid species.  Phylogenetic 
analysis of the Acanthocephala, based on molecular characters and morphology, have 
been published by Garcia-Varela et al. (2000. 2002) and Monks (2001) (see Amin 
(2013) for details).

The spiny-headed worms or Acanthocephala is considered a monophyletic 
assemblage of heteroxenous, obligatory endoparasites of vertebrates with mostly 
arthropod intermediary hosts (AMIN, 1982, 2013; BURON; GOLVAN, 1986; KENNEDY, 
2006; SCHMIDT-RHAESA, 2013). Adult acanthocephalans measure from 2,0 mm to 70 
cm (SCHMIDT-RHAESA, 2013). Buron and Golvan (1986) list, as intermediary hosts 
of Acanthocephala, various crustacean taxa (e.g. Amphipoda, Copepoda, Ostracoda, 
Isopoda, Mysidacea, Euphausiacea and Decapoda) and insects (e.g. Blattaria, 
Coleoptera and Orthoptera) as well; Amin (1982) mentions that snakes may also serve 
as intermediary hosts for some archiacanthocephalans. Schmidt (1971) reviews the 
acanthocephalan parasites recorded in humans and, more recently, Kennedy (2006) 
examines the ecological aspects related to parasitism in the Acanthocephala. According 
to Taraschewski (2000, 2005), the infection by Macracanthorhynchus hirudinaceus, 
an archiacanthocephalan parasite of swines, is of medical significance for humans. 
Taraschewski (2005) reviews acanthocephalan parasitism in marine environments and 
discusses their role as a pathogen of fishes, birds and mammals. Santos et al. (2008) 
present a checklist and key to the acanthocephalan parasites of fishes in Brazil and a 
historical overview of the research about Acanthocephala in this country.

According to Garey et al (1996), the acanthocephalans were once grouped with 
the taxon Aschelminthes, along with other “pseudocoelomate” groups (HYMAN, 1951; 
MARCUS, 1958; BRUSCA; BRUSCA, 1990). Garey et al. (1996, 1998) discuss the 
hypotheses of systematic placement of Acanthocephala and, based on the results 
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of phylogenetic analysis of morphological and molecular data, posit Acanthocephala 
within Rotifera as the sister group of the Bdelloidea. Latest editions of zoology 
textbooks, such as Brusca, Moore and Schuster (2016, 2018), already classify the 
Acanthocephala as a taxon within Rotifera; Schmidt-Rhaesa (2013, p.268) stresses that 
Rotifera (or Rotatoria) can only be considered a monophyletic group with the inclusion 
of Acanthocephala. Gary et al (1996, p.287) (mentioning Brooks and McClenann 
1993) state that: “Obligatory parasitism and lack of obvious free-living sister groups 
has hampered the study of morphological changes associated with the evolution of 
parasitism in Acanthocephala and other parasites (Brooks and McClennan 1993)”.  

Amin (1987) modified the classification system of the Acanthocephala, proposing 
the new class Polyacanthocephala, which contains one order, one family, and four 
species; this proposal was recognized by Garcia-Varela et al. (2002). Amin (2013) 
updated the classification of Acanthocephala accepting the taxa Archiachantocephala, 
Eoacanthocephala, Palaeacanthocephala and Polyacanthocephala. The taxon 
Polyacanthocephala was not included in Brusca, Moore and Schuster (2016, 2018) 
and Schmidt-Rhaesa (2013) textbook treatment of the Acanthocephala.

In mediating situations that involve complex arguments, such as those concerning 
zoological taxonomy and systematics, the teacher may be more successful if he is 
able to use pedagogical tools that are more efficient in dealing with abstract contents. 
The diversity of pedagogical instruments now available, when put to use by students, 
provides further motivation, when associated with methods of active learning. Linking 
study contents to problems encountered in daily life, or explaining the significance 
of such subjects for other areas of knowledge acquisition, makes understanding flow 
in a more dynamic fashion. In the case of little-known animal groups, as pointed out 
by Araújo-de-Almeida et al. (2011), a contextualization with the environment offers 
insights concerning their relevance for the attainment of higher levels of study in future 
moments of learning. When a significant number of new concepts need to be learned, 
the exploration of creative ways of exploring the subject becomes important for directing 
and inter-relating the process of knowledge acquisition. 

Several references on concept maps were considered, in particular Novak and 
Cañas (2008, 2010). These authors indicate that concept maps represent hierarchical 
diagrams formed by generating key concepts, and uniting these by linking elements. 
Usually these elements are verbs or verbal phrases. When two or more concepts are 
linked in this way, interesting or nonsensical propositions may result, depending on 
the chosen linking word. The constructed graphical device, as pointed out by Cañas, 
Novak and Reiska (2015), stimulates its constant revision, and propositions may be 
updated, added, substituted, or removed. This makes knowledge acquisition flexible, 
as the student continuously elaborates the concept map, which purportedly promotes 
learning.

Confronted with the challenge of explaining contents about little known zoological 
groups, which are often entirely neglected in teaching-learning contexts, the aim of 
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this paper is to explore the use of concept maps as a teaching device. We explore 
this technique to characterize the taxon Acanthocephala considering its morphology, 
physiology, ecology and taxonomy. Moreover, we use this form of graphic representation 
as a means of empowering neglected elements in animal biodiversity.

2 | 	METHODOLOGY

Our investigative path followed a survey of the zoological contents involving little-
known animal groups, along with a study of the theory and applications of concept 
maps, during undergraduate courses dealing with Annelida, Nematoda, Gastrotricha, 
Rotifera, Nemertea, Cycliophora, Kamptozoa, and phylogenetically related taxa. These 
classes provided didactic opportunities for studying these often neglected animal 
groups. Exercises were proposed involving semi-structured concepts and, at a later 
stage, time was allotted for the construction of concept maps about these groups. 
Considering that Araújo-de-Almeida et al. (2019a) recognized concept maps as an aid 
for learning zoology, the teacher pointed out the possibility of constructing a CM to be 
developed after class. 

The construction of the concept maps, used to explore learning contents in zoology, 
during a regular course semester, followed  methodological principles and model of 
narrative exposition laid out in Araújo-de-Almeida and Santos (2018). First, a concept 
map dealing with a zoological taxon (complete or with gaps, but containing an explicit 
focal question) was presented to and discussed with the group of students. Next, activities 
for filling in the gaps in the CMs were provided, in order to prepare them for the future 
construction of concept maps in a collaborative effort. Individuals or teams with affinities 
with the studied zoological groups were approached by way of a concept investigative 
project. The focus of this project was on the production of an experience report, as 
described in Araújo-de-Almeida et al. (2019a). Further collaboration by researchers who 
were not directly involved in the classroom teaching served to improve the ideas under 
construction, a process detailed in Araújo-de-Almeida et al. (2019b). Later, instructions 
were provided for the construction of concept maps by the students, including several 
theoretical references. In order to motivate the students to understand the importance 
of building concept maps, some discussion groups were conducted by the teacher, 
and several basic papers on the technique of concept mapping were provided such 
as: a) Novak and Gowin (1996), an introductory text of historical significance; b) Novak 
and Cañas (2008, 2010), a paper which deals with the underlying theory on concept 
maps and explains how to construct good maps, a concept also treated by Aguiar and 
Correia (2013); c) Aguilar Tamayo (2012)  emphasizes the didactic aspect of concept 
maps, d) Åhlberg (2013), highlighting the empowerment of concept maps and further 
stressing the importance of their construction, and, e) Correia et al. (2016), that point to 
the importance of CMs as graphic elements for university courses, a subject also well 
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developed by Kinchin (2014) and his research team. After these preliminaries, extra-
class activities were suggested during the remaining classes along the semester.

In the extra-class activities, the taxon Annelida was designated in a text 
containing several issues concerning its biology, ecology and systematics. After writing 
down important concepts and filling in several gaps in the skeletal concept map, a 
textual description of several proposals relating to the suggested concept map was 
presented. The following focal question was proposed: Which environmental, morpho-
functional, and taxonomic characters are informative for the general characterization 
of annelids? This assignment was developed as an extra-class activity, after reading 
of an instructional text and of several suggested references. For those students who 
opted for not producing a concept map, the description of concepts in the form of a 
crosswords puzzle was suggested.

As a reinforcement for understanding nematodes and rotifers, study scripts and 
semi-structured concept maps were made available. For each student, a focal question 
similar to that submitted for the Annelida was presented. These so-called “skeletal 
concept maps” also contained gaps to be filled in concerning two lineages (Rotifera 
e Nematoda). These exercises provided drills for the elaboration of concept maps 
dealing with zoology. The results were validated both individually and collectively, the 
latter represented the final result obtained from such a joint effort. 

The software CmapTools version 6.02 (IHMC, 2018) was recommended for the 
construction of the concept maps. This software is available online and may be freely 
downloaded onto platforms with digital access. Using as a reference the concept map 
of the Rotifera made available in the classroom, and after reading recent zoological 
texts such as Amin, 2013; Brusca, Moore and Shuster (2016, 2018), and dealing with 
the theoretical aspects of manual and digital concept map construction, the following 
focal question was proposed for the Acanthocephala: “Which morpho-physiological 
aspects are enhanced from the taxonomic and evolutionary characterization of the 
acanthocephalans?” 

In other words, considerations related to how to construct good concept maps 
were based on the methodological considerations of Cañas, Novak and Reiska (2015) 
(Chart 1).
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Chart 1. Methodological aspects to be considered when elaborating a concept map.

Source: Modified from Cañas, Novak and Reiska (2015, p. 8).

3 | 	RESULT AND DISCUSSION

The construction of graphic devices with the software CmapTools (Figures 1 and 
2) represent an alternative to speed up the process of presenting propositions. Manual 
constructions, which were also used, permit the documentation, in the absence of the 
digital media, of several insights that appear. The exposition of a concept map made by 
hand is a way of expressing the artistic side of writing. Fialho, Vianna Filho and Schmitt 
(2017) stress that concept maps, either manual or digital, constructed individually or in 
groups, will always produce maps that differ from each other; each researcher has his 
own way of organizing ideas, subordinating concepts, and creating maps.

The concept map of Figure 1, following the zoological classification in Brusca Moore 
and Shuster (2016, 2018), highlights the taxon Rotifera, and includes Acanthocephala 
as an evolutionary subgroup. This graphic representation makes it possible to visualize 
common characters of the acanthocephalans shared with the Rotifera. Following the 
proposal of the PhyloCode (CANTINO; DE QUEIROZ, 2007), also accepted in Araújo-
de-Almeida et al. (2007), Linnean categories were eliminated in the concept maps, 
which permitted taxa to become similar to those appearing in cladograms.

The map taken as a comparative reference (Rotifera) and the map presented 
as a novel graphic presentation (Acanthocephala) together encompass a verbal and 
visual apparatus. As sustained by several researchers adopting the Novakian concept 
framework (see NOVAK; CAÑAS, 2008, 2010), the images generated by the concept 
maps are visualized as hierarchies of concepts. The linking words interrelate these 
concepts into a logical sequence of propositions. Personal insights of the researchers 
are valorized, which flexibilizes the learning process. Following malleable itineraries 
of learning is a form of promoting autonomy and self-control among participants 
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(AGUDELO; ATUESTA; ECHEVESSRY, 2018). 

Figure 1. Concept map answering the focal question: “Which environmental, morpho-
physiological, and taxonomic aspects evidence a general characterization for the Rotifera?” 
The group Acanthocephala represents a subgroup of Rotifera and is highlighted among the 
remaining taxa of Hemirotatoria. Source: Concept map modified from Bezerra, Santos and 

Araújo-de-Almeida (2018).

A concept map of Acanthocephala is presented in Figure 2. Following Brusca, 
Moore and Schuster (2016, 2018), we stress that the presence of bilaterality, schizocoely, 
the triploblastic and syncytial conditions are character states present in the ancestor 
of the Rotifera. They are indicated didactically as also present in the Acanthocephala, 
where they are interpreted as plesiomorphies.



Tópicos Integrados de Zoologia Capítulo 10 96

Figure 2. Concept map responding to the focal question: “Which morpho-physiological aspects 
are evidenced in the evolutionary and taxonomical characterization of acanthocephalans?” Source: 
Concept map modified from Bezerra, Santos and Araújo-de-Almeida (2018).

4 | 	 FINAL REMARKS

The proposition of a concept map for the Acanthocephala, indicated as a subgroup 
of the taxon Rotifera, represents an update as to the recent phylogenetic interpretations 
regarding these endoparasites. The representation of plesiomorphic character states 
present in acanthocephalans (e.g. bilaterality, schizocoely, triploblastic and syncytial 
conditions) in the concept maps for the two groups of organisms, help us to visualize 
why these taxa have been grouped taxonomically. On the other hand, further work 
is necessary within the Gnathifera in order to pinpoint unquestionable apomorphies 
linking acanthocephalans to their closest relatives. 

When diverse approaches regarding study methods are perceived and valorized 
by the student, the apprentice follows flexible itineraries of learning that are capable of 
making creativity more visible. They also provide opportunities for the elaboration of 
investigation projects dealing with organisms and the reporting of experiences obtained 
in the classroom, and may be potentially conductive to later achievements beyond the 
classroom, professionally or otherwise. 

Recognizing the positive inputs in the process of  elaborating a concept map, 
aimed at providing a visual aid to the morpho-physiological, taxonomic, phylogenetic, 
and environmental characterization of organisms, promotes the use of CMs as learning 
aids that may be useful in spreading knowledge pertinent to zoological diversity. 
Moreover, concept maps can be used as tools to divulge information about taxonomic, 
ecological and conservation issues related to elements of biodiversity, thus complying 
with article 13 of the Convention of Biological Diversity (see SECRETARIAT OF THE 
CONVENTION ON BIOLOGICAL DIVERSITY, 2005).
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