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APRESENTAÇÃO 

O E-book Proficiência no Conhecimento Zoológico é uma obra composta de um 
único volume que tem como foco principal a discussão científica por intermédio de 
trabalhos diversos relacionados ao conhecimento zoológico da ictiofauna brasileira. 
Cada capítulo abordará de forma categorizada e interdisciplinar trabalhos, investigações, 
relatos de casos que transitam nas áreas de conhecimentos relacionados a icitiofauna, 
principalmente aos elasmobrânquios e outras espécies de “peixes” de diferentes 
classes, famílias, gêneros e espécies, incluindo os Tardigrados, animais minúsculos e 
cosmopolitas, sendo um grupo pouco divulgado no ensino de zoologia.

Nesta obra, o objetivo central foi apresentar de forma categorizada e clara, estudos 
desenvolvidos em diferentes instituições de ensino e pesquisa do país. Em todos os 
trabalhos a linha condutora foi o aspecto biológico e ecológico, correlacionando-os com 
as atividades pesqueiras oceânicas, sejam as esportivas (incluindo aquelas realizadas 
em áreas de conservação) ou econômicas, considerando o tipo de aparelho de pesca 
e o método de pesca.

Abordagens diferenciadas para as mesmas classes ou espécies animais, e ainda 
a biologia de outras espécies, são discutidos nesta obra com a proposta de fundamentar 
o conhecimento de acadêmicos, ligados não só à área zoológica, mas ecológica e 
também a área humana, quando inclui os conhecimentos de pescadores e pescadoras, 
aliando-os à coleta de dados nas diferentes investigações científicas.  Torna-se 
relevante a compilação de diferentes trabalhos sobre pesquisas ictiofaunística através 
de dados coletados em campo, relacionados à captura, tipo de iscas, peso dos animais 
coletados e ainda, a área de esforço de pesca para espécies de crustáceos, utilizando 
redes de arrasto, que acabam por capturar diferentes espécies de eslamobrânquios. 
Como forma de fortalecer o estudo e difundir a importância do equilíbrio no meio 
aquático, como forma de evitar redução no estoque de eslamobrânquios, bem como 
peixes de bico, e ainda acompanhar ocorrência de outras espécies, como o peixe-
largarto, e ainda difundir o estudo os tardigrados, cujas espécies encontradas no Brasil 
são marinhas, e por resistência fantástica, e ainda por se alimentarem de células de 
algas e pequenos invertebrados, possam ter relação com a manutenção da ictiofauna, 
principalmente considerando invasão por invertebrados parasitas.

Deste modo, a obra Proficiência no Conhecimento Zoológico apresenta os 
diferentes objetivos que culminaram nos resultados aqui apresentados, desenvolvidos 
por diferentes pesquisadores, professores e também, estudantes de pós-graduação, 
como forma de enaltecer não apenas a experiência laboratorial, mas também aquela 
coletada em campo, principalmente ao coletar dados diretamente dos pescadores 
em suas incursões pesqueiras. Portanto, utilizar da estrutura da Atena Editora é uma 
oportunidade de oferecer uma plataforma consolidada e confiável para os diferentes 
pesquisadores apresentarem seus resultados à sociedade, para que esses dados 
possam servir de orientação e base para novas descobertas.

Luciana do Nascimento Mendes
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CAPÍTULO 10

REPORT ON A LEARNING EXPERIENCE REGARDING 
MAPPING OF DESCRIPTIVE CONCEPTS ABOUT 

TARDIGRADA 
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ABSTRACT: Tardigrades, colloquially known 
as “water bears”, are diminutive animals with 
cosmopolitan distribution and a complex 
taxonomic characterization. They have four 
pairs of inconspicuously articulated legs with 
terminal claws. Although relevant for the 
understanding of animal evolution, the taxon 
Tardigrada as a whole has not received much 
attention in zoology teaching. Concept mapping 
is a useful technique for exploring diverse 

subjects and for communicating concepts 
among research groups. This paper aims to 
develop a concept map that characterizes 
tardigrades and to report a learning experience 
regarding teaching the methodological aspects 
of  concept mapping to undergraduate students. 
In order to elaborate the concept map, our 
focal question was: “Which are the main 
morphological, physiological, and taxonomical 
characters present in the taxon Tardigrada and 
its subtaxa?” The map used concepts present 
in the specialized literature. The following 
evolutionary lineages within Tardigrada were 
considered as inclusive concepts: Eutardigrada, 
Mesotardigrada, and Heterotardigrada. The 
learning experience reported herein permitted 
a graphical visualization of the characters 
that define the group, exposed complexities 
related to the taxonomic practice, and recorded 
a research trajectory shared by the authors 
involved in the construction of this conceptual 
investigation and teaching tool.
KEYWORDS: Disclosing animal diversity; 
Scientific investigation; Concept mapping; 
Academic proficiency; Zoology.

RESUMO: Tardigrados são animais minúsculos, 
cosmopolitas e com uma caracterização 
taxonômica complexa. Apresentam quatro pares 
de pernas telescópicas com garras terminais. 
Esse grupo é pouco divulgado no ensino de 
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zoologia. O mapeamento de conceitos é uma técnica útil para explorar vários assuntos 
e para comunicar conceitos. Os objetivos deste artigo são: a) desenvolver um esquema 
para caracterizar os tardigrados e b) relatar aspectos metodológicos relacionados ao 
processo de construção de um mapa conceitual. Nossa pergunta focal foi: “Quais são os 
principais caracteres morfológicos, fisiológicos, taxonômicos e filogenéticos presentes 
em Tardigrada e seus subgrupos ?” Foram utilizados conceitos obtidos da literatura 
especializada sobre o grupo. As seguintes linhagens filogenéticas de Tardigrada  
foram consideradas como conceitos inclusivos: Eutardigrada, Mesotardigrada e 
Heterotardigrada. A experiência de aprendizagem permitiu uma visualização gráfica 
dos caracteres que definem o grupo, expôs complexidades relacionadas à prática 
taxonômica e registrou uma trajetória de pesquisa compartilhada pelos autores 
envolvidos na construção dessa ferramenta conceitual de investigação e ensino.
PALAVRAS-CHAVE: Divulgação sobre a diversidade animal; Investigação científica; 
Mapeamento de conceitos; Proficiência acadêmica; Zoologia.

1 |  INTRODUCTION

Studying taxonomic groups in Zoology can become a challenge, particularly 
regarding organisms unusual to the teaching-learning path, such as the taxon 
Tardigrada. Although relevant for understanding animal phylogeny, tardigrades may be 
regarded as somewhat neglected in zoology teaching (ARAÚJO-DE-ALMEIDA, 2010; 
ARAÚJO-DE-ALMEIDA et al., 2011; DI DOMENICO et al., 2015; LEÓN-ESPINOSA;  
MORENO-TALAMANTES;  RODRÍGUEZ-ALMARAZ, 2019). As inferred from several 
bibliographical citations in Cañas, Reiska, and Möllits (2017) and Correia and Aguiar 
(2017), there are several possibilities for using concept maps (CMs) leading to 
meaningful learning. Therefore, they have the potential to become a relevant didactic 
implement in the study of the biology and systematics of invertebrates (which comprise 
most of described animal diversity), both for the more well-known groups (e.g. Porifera, 
Cnidaria, Platyhelminthes) and the less publicized taxa, such as the Gastrotricha, 
Nematomorpha, and Acanthocephala (ARAÚJO-DE-ALMEIDA; SANTOS, 2018; 
BEZERRA et al. 2019). 

Tardigrades are minute metazoans, ranging from 0.1 to 1.2 mm in length, with 
a bilaterally symmetrical body and four pairs of legs with terminal claws, the latter 
may be differentiated in adhesive disks in some species (MORGAN, 1982; KINCHIN, 
1994 apud NELSON; GUIDETTI; REBECCHI, 2015). Due to its external appearance 
reminiscent of a bear-shaped figure, they are coloquially known in English as “water 
bears” (NELSON, GUIDETTI, AND REBECCHI, 2015), and as “Bärtierchen” in German, 
meaning “little water bears” (Greven 2013). Like other arthropods and related taxa, 
tardigrades are ecdysozoans, which undergo molts to grow and attain sexual maturity, 
in a process known as ecdysis (TELFORD et al. 2008; GREVEN, 2013; RUPPERT; 
FOX; BARNES, 2005; BRUSCA; MOORE; SHUSTER, 2016). Tardigrades are more 
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commonly found in aquatic habitats (both freshwater and marine) and semi-aquatic or 
moist terrestrial environments, in association with bryophites, soil or leaf litter, where 
they often occur in high populational densities;  some species may be considered 
extremophiles being found in geothermal springs and glacial habitats (MORGAN, 1982; 
BRUSCA; MOORE; SHUSTER, 2016). Species of Tardigrada may be herbivores, 
carnivores, omnivores or parasites (MORGAN, 1982; BRUSCA; MOORE; SHUSTER, 
2016).

According to Brusca, Moore, and Shuster (2016, p,713) tardigrades are well 
known for their capacity for anabiosis, i.e., “a state of dormancy that involves greatly 
reduced metabolic activity during unfavorable environmental conditions”. Hence, water 
bears began to receive much attention for their anabiotic/cryptobiotic characteristics, 
when it was discovered that several species are highly resistant to extreme conditions, 
such as high temperatures, high salinities, and even to conditions of vacuum in outer 
space (JÖNSSON et al. 2008); they are able to survive such conditions in the form of 
tuns and anabiotic cysts (MORGAN, 1982; NELSON; GUIDETTI; REBECCHI, 2015; 
BRUSCA; MOORE; SHUSTER, 2016). Due to these characteristics, some species 
of tardigrades may even serve as models for astrobiological studies (HORIKAWA et 
al., 2008; GUIDETTI et al., 2012). According to Brusca, Moore and Shuster (2016, 
p.713), genomic analyses indicate that tardigrades have acquired foreign genes (from 
Eubacteria, archeans, plants, and fungi) into their genome via lateral gene transfer.

Smith and Goldstein (2017) consider that there are approximately 1300 described 
tardigrade species divided into four orders: Arthrotardigrada and Echiniscoidea, 
belonging to class Heterotardigrada, and Parachela and Apochela, placed within the 
class Eutardigrada. Some authors, including Morgan (1982), Nelson, Guidetti and 
Rebecchi (2015), Grothman et al. (2017), and Brusca, Moore and Schuster (2016), 
mention a third class, Mesotardigrada. The content relating to Tardigrada in college 
textbooks usually characterizes the most inclusive taxa: Heterotardigrada, Eutardigrada, 
and Mesotardigrada. Tardigrades probably originated in the marine environment, where 
many species of heterotardigrades can be found (NELSON; GUIDETTI; REBECCHI, 
2015). 

The monotypic Mesotardigrada was proposed by Gilbert Rahm in 1937, based 
on a single species, Thermozodium esakii Rahm, 1937 (Thermozodiidae), whose type 
specimen was found in hot springs in Unzen, Japan (MORGAN, 1982; RAHM, 1937; 
GREVEN, 2013; BRUSCA, MOORE; SHUSTER, 2016). However, vouchers for this 
species were lost and the type locality was destroyed during an earthquake (GREVEN, 
2013). Specimens of Mesotardigrada have not been found or redescribed since, hence 
the Class Mesotardigrada has become an incertae sedis taxon due to the lack of study 
material (NELSON; GUIDETTI; REBECCHI, 2015; GROTHMAN et al., 2017).

For the classification of tardigrades, the following characteristics are used: claws, 
pharyngeal buccal apparatus, cuticle, and egg capsule. Regarding their importance 
for taxonomic diagnoses, Nelson, Guidetti and Rebecchi (2015) comment that: a) the 



Proficiência no Conhecimento Zoológico Capítulo 10 118

claws stand out for their cuticular structures, number, and eventual differences along 
the different lobopodial structures; b) the buccal pharyngeal apparatus is a complex 
structure with considerable importance to taxonomy, consisting basically of a terminal 
or subterminal mouth, a buccal ring, with protuberances and muscular attachments, 
and a muscular suctorial pharynx; c) the cuticle is highly permeable to water; it may be 
smooth or sculptured into cuticular plates; d) the eggs are frequently essential for the 
identification of the terrestrial and freshwater species, particularly for some genera of 
eutardigrades that are very similar morphologically.

The above characters are informative for the identification of some groups in 
particular. However, when it becomes necessary to establish sets of defining characters, 
some overlapping is observed. The occurrence of a mosaic distribution of characters 
between the large groups, Heterotardigrada and Eutardigrada, makes the classification 
complex to understand. It has thus become standard to rely on molecular characters, 
particularly when reconstructing phylogenetic relationships. Yet it remains important to 
determine if the characters present are due to independent acquisitions, reversions, 
retained plesiomorphies, or unique acquisitions. In order to identify such different 
character conditions, the construction of a concept map (CM) becomes an important 
technique that enhances their visualization.

The use of didactic graphical methods, such as concept maps, becomes a way 
of graphically exposing the complex nature of taxonomic characters in Tardigrada or 
any other biological group for that matter. Concept maps may function as a didactic 
tool to promote learning difficult concepts that are usually not grasped easily by other 
alternative methods of teaching (see Dias-da-Silva, 2018; Dias-da-Silva et al., 2019a,b, 
and Araújo-de-Almeida et al. 2019). Characterized as an active method, concept maps 
are largely used by teachers and students for the transmission of abstract concepts, 
interactively and creatively; It has become a very helpful and useful resource for 
teaching a diverse array of topics (NOVAK; GOWIN, 1996, NOVAK; CAÑAS, 2008), 
including scientific concepts (CORREIA; AGUIAR 2017) . 

Kinchin (2000) mentions that the use of concept maps may be very helpful for 
teaching and learning topics in Biology. Kinchin (2001) also believes that such graphic 
tools should be used more frequently in the biological sciences and universities (see 
also Hay, Kinchin, and  Lygo-Baker (2008)). 

This paper aims to discuss a didactic scheme that characterizes the tardigrades. 
The use of a concept map is promoted to show that this approach is helpful and effective 
in the process of systematizing research.
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2 |  METHODOLOGY

This research is part of a project in teaching and classroom monitoring developed 
in the Department of Botany and Zoology at the Federal University of Rio Grande do 
Norte, entitled “Concept mapping in the developmental process of learning themes 
in Zoology”. This research project encompasses teachers, students, and external 
collaborators. The present work emphasizes the process of constructing the concept 
map on the Tardigrada, elaborated as a didactic product, as described in Xavier et 
al. (2019). In the current stage of the experiment, we reproduced criteria followed by 
Araújo-de-Almeida et al. (2019), by expanding and refining methodological aspects 
and results described in previous publications. In this case, we bring more in-depth 
considerations to the investigated contents about the characterization and natural 
history of the Tardigrada, and to the concept map constructed to illustrate a general 
characterization of this lineage of invertebrate animals. Here we add clarifications on 
some aspects that have been illuminating the construction of  concept maps, especially 
regarding zoology and related topics.

Expanding the text published by Xavier et al. (2019), the work developed herein 
illustrates a pedagogical approach that enhances activities developed during the process 
of learning, evidencing the daily reflexive attitude acquired during academic education. 
The search for knowledge is exposed concomitantly with the attempt to produce a tool 
that is capable of providing additional information for the classroom. Araújo-de-Almeida 
et al. (2019) showed that the construction by the students of a classroom report in the 
form of a concept map served as a tool for learning and resulted in a didactic product 
that returned to the classroom and was used for further  teaching. 

Gastal and Avanzi (2015) emphasize that reflection represents an exercise for 
learning. Students must observe the important events in their formation. At the same 
time, they must include in their writings to other students the facts that were decisive 
for their learning. This report on the process of learning and production of knowledge 
describes both the individual process of knowledge acquisition by the student and the 
product of his interaction directly or indirectly with researchers. 

The highlighted context includes a multiplicity of factors: student learning, engaged 
in a significant way in the search for knowledge about the concept mapping technique 
and the taxon Tardigrada, accompanied by the co-authors, who have college training 
in Zoology and are interested in concept mapping. In this case, the direct investigatory 
experience and the reflexively shared rewriting process constitute the component 
elements of this academic activity.

As for the construction of the research report, we followed the elements of the 
narrative style structured by Kinchin et al. (2018), highlighting the explicit participation 
of the authors who accompanied and collaborated with the process of knowledge 
acquisition.

In order to understand the theoretical underpinnings of concept maps, several 
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bibliographic sources about the concept mapping technique were consulted, e.g. Novak 
and Gowin (1984), Kinchin, Hay and Adams (2000), Novak and Cañas (2008), Moreira 
(2011, 2013), Aguiar and Correia (2013), Kinchin (2003, 2014), Correia et al. (2016), 
Correia and Aguiar (2017), and Mafra and Anjos (2018). 

The investigation described herein involved the search for a synthetic description 
of the Tardigrada, centered on the selection of informative data available in published 
references dealing with animal diversity. Considering that the characterization of taxa is 
better accomplished when it expresses phylogenetic relationships, phylogeny becomes 
the main consideration when selecting concepts to compose the concept map.

The information concerning tardigrade biology and taxonomy was obained from 
Morgan (1982), Ruppert, Fox, and Barnes (2005), Nelson, Guidette, and Rebecchi 
(2015), Hickman et al. (2016), Brusca, Moore, and Shuster (2016), Smith and Goldstein 
(2017), and Degma, Guidetti, and Bertolani (2018). The text by Nelson, Guidette and 
Rebecchi (2015) on Tardigrada was considered basic, being the most comprehensive: 
It presents both a recent list of species contained in the most inclusive groups and 
detailed descriptions of the taxonomic characters discussed in the text.

After this investigation, the main concepts on the biology and taxonomy of “water 
bears” were selected and used to construct a concept map about  Tardigrada, which 
was deemed adequate for their characterization. We used the software CmapTools 
(IHMC, 2018) to structure graphically the set of organized concepts used to answer 
the following focal question: “Which are the main morphological, physiological, and 
taxonomical characters present in the taxon Tardigrada and its subtaxa?” Following 
the recomendation by Correia and Aguiar (2017, p.72), the CM on Tardigrada was 
elaborated using linking terms with verbs in order to accurately explain the concepts 
included in the map.

The final version of the concept map (structured mainly by the first author during 
his formative course) focused on the perspectives of Novak and Cañas (2008), Aguiar 
and Correia (2013) and followed the recommendations by Cañas, Novak and Reiska 
(2015) towards elaborating a good concept map (Figure 1).
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Figure 1: Methodological aspects to be considered when preparing a concept map. 

Source: Modifi ed from the schematic picture in Bezerra et al. (2019), based on the 
criteria proposed by Cañas, Novak and Reiska (2015, p. 8). The background illustration 
of a tardigrade was obtained from: https://ucmp.berkeley.edu/phyla/ecdysozoa/
tardigrada.html (retrieved in 21-nov-2019). 

The authors also considered the Information presented in Araújo-de-Almeida et 
al. (2019) regarding concept maps, and their relevance for structuring the experience 
gained in the classroom. Such experience was also previously detailed in Araújo-
de-Almeida and Santos (2018), who stressed the importance of concept maps for 
promoting teaching in zoology. The methodological pathway used for the elaboration of 
the present report is detailed in Figure 2.

Figure 2: Diagram containing the methodological pathway followed in the elaboration of the 
concept map about Tardigrada. Source: the authors (2019).
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In this scheme, we use a thought from the educational theory expressed by Joseph 
Novak, which emphasizes the Signifi cant Learning theory developed by David Ausubel 
(see Ausubel, 2003). According to these sources, “Meaningful learning underlies the 
constructive integration of thinking, feeling, and acting leading to empowerment for 
commitment and responsibility” (NOVAK, 2010, p. 23).

The concept map was constructed based on the reasoning model employed by 
Araújo-de-Almeida and Santos (2018) to characterize and explain the broader subgroups 
of the taxa Gastrotricha and Nematomorpha. It is noteworthy that the general characters 
as concepts were differentiated from a more inclusive concept and further developed 
into propositions. As a way of illustrating these methodological aspects, the concept 
map on Nematomorpha (Figure 3) was offered as a template for the elaboration of the 
CM dealing with Tardigrada. It is emphasized that both Nematomorpha and Tardigrada 
belong to the Ecdysozoa phylogenetic lineage. 

Figure 3: Concept map answering the focus question: Which characters show a general and 
specifi c taxonomic description of nematomorphs? Source: Modifi ed from Araújo-de-Almeida and 

Santos (2018).

3 |  RESULTS AND DISCUSSION

The concept map on Tardigrada was elaborated, including representative 
concepts for a general characterization of this animal group (Figure 4). This CM also 
contains Tardigrada´s most inclusive subgroups: Heterotardigrada, Eutardigrada, and 
Mesotardigrada.
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Figure 4: Concept map highlighting features of Tardigrada and its most inclusive taxa. The 
concept map answers the focus question: “Which are the main morphological, physiological, and 

taxonomical characters present in the taxon Tardigrada and its subtaxa?”
Source: Concept map elaborated by the fi rst author after training on the concept mapping technique. Revised a 

posteriori by the remaining authors.

The specifi c characterization of the more inclusive groups of Tardigrada utilizing 
a concept map demonstrates the effi ciency of this tool for structuring the biological 
content graphically for the benefi t of the reader. This advantage of a concept map was 
stressed by Kinchin (2000). We also point out that a concept map may be valuable not 
only for apprentices but also serves as a didactic tool for teachers. Using a concept 
map may illustrate briefl y and objectively the taxonomical complexities of a biological 
group, adding to the content of textbooks such as Ruppert, Fox, and Barnes (2005), 
Hickman et al. (2016), and Brusca, Moore and Shuster (2016). Thus, a concept map 
may serve as a complementary didactic material in the classroom.

The map further discloses in condensed form the main concepts of the general 
biology of the tardigrades, with their reproduction modes, habitat types, morphological 
diversity, and physiological adaptations, indicating features shared by the group as a 
whole and those restricted to the more inclusive levels of organization, exemplifi ed by 
the taxa Eutardigrada, Mesotardigrada e Heterotardigrada. 

The use of verbs to connect concepts and acurate language to describe them, 
as well as more specifi c terms such as ‘parthenogenesis’, may awaken the curiosity 
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of the students, thus stimulating more research on the topic. This may lead to more 
research on an interesting group of metazoans, thus aiding in the general disclosure 
of animal diversity. When the students show some expertise in constructing CMs, it is 
expected that they will be able to review and further elaborate the contents depicted in 
the CM. According to Correia and Aguiar (2017, p.85): “Expressing scientific knowledge 
in the form of a concept map requires a clear understanding of the concept mapping 
technique”.

4 |  FINAL CONSIDERATIONS

We emphasize that the concept map constructed for the Tardigrada clarifies in a 
didactic way issues related to the taxonomy of the group. This tool may help students 
and teachers in studies relating to these small animals known popularly as water bears. 
The proposed concept map may still be used as a complementary didactic tool for 
teaching Zoology to undergraduates, considering that, as pointed out by Correia and 
Aguiar (2017, p.71), concept maps foster meaningful learning and that the “proper use 
of this technique in the classroom depends  on training students”.

The research aimed further to formalize and systematize the entire learning-
teaching cycle, from data gathering, information recording, scientific reporting, and 
back to teaching in the classroom. Key points relating to the tardigrades, mapped 
explicitly onto a concept map, illustrate formally and graphically the concept acquisition-
transmission process.

We hope that this report on elaborating a concept map may motivate a dynamic 
approach for learning tardigrade taxonomy and general biology, prompting the search 
for updated and accurate information regarding this animal group. Moreover, according 
to Bezerra et al. (2019), concept maps may represent yet another useful tool for 
publicizing information about biological diversity and conservation, thus complying with 
article 13th of the Convention on Biological Diversity (UNITED NATIONS , 1992).
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