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ABSTRACT - Drosophila melanogaster: a meeting point for History, Phi-
losophy, Sociology, and Biology teaching. Drosophila melanogaster has
been the subject of several studies in history, philosophy, sociology, and
teaching of biology, evidencing the relevant role it has played as a model
organism for experimental practices in genetics and other areas. However,
these works are not usually closely intertwined. Therefore, this article in-
tends to contribute to the establishment of links between these areas, un-
derstanding the fly as a point of convergence. From this perspective, it pro-
poses to broaden the view on the nature of science, which is an important
reference for teachers to make biology teaching more complex.
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RESUMEN - Drosophila melanogaster: un punto de encuentro de la His-
toria, la Filosofia, la Sociologia y la didactica de la Biologia. Drosophila
melanogaster ha suscitado diversos estudios en la historia, la filosofia, la
sociologia y la didéctica de la biologia, evidenciando el papel relevante que
ha desempeiiado como organismo modelo de practicas experimentales de
la genética y otras dreas. Sin embargo, dichos trabajos no suelen entrela-
zarse estrechamente. Por ende, este articulo pretende aportar en la cons-
titucién de vinculos entre esos dmbitos, entendiendo a esta mosca como
un punto de convergencia. Desde esta perspectiva, se propone ampliar la
mirada sobre la naturaleza de la ciencia, la cual es un referente importante
para que los profesores puedan complejizar las practicas de ensenanza de
la biologia.

Palabras-clave: Naturaleza de la Ciencia. Ensefianza de la Biologia. Orga-
nismo Modelo.
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Introduction

Drosophila melanogaster', also known as “fruit fly” or “vinegar
fly” perhaps is the most important model organism in biology, into re-
search in genetics and embryology specially, but nowadays for the role
developed in studies in molecular biology and biomedicine. Without
doubt also has been a relevant organism in biology education in dif-
ferent educational levels. Moreover, Drosophila has been the subject of
reflection and analysis in history, philosophy, and sociology of biology.
Nonetheless, is common that those different approaches there are not
related.

In this sense, our aim is precisely to establish some links between
history, philosophy, sociology, and biology didactics, on purpose that
we have learned -and that we can teach- with this minute but significa-
tive fly. In other words, the Drosophila can constitute a meeting point
between those alluded areas and theoretical constructions that emerge
from this convergence could configurate an important reference frame-
work to biology teachers, understanding, since other perspective, the
nature of science that they pretend to teach. In this sense, in this article
we report our proposal about how to contribute to the integration of the
aforementioned fields, based on the research carried out in the special-
ized literature on the subject.

There is a question that could be common ground in those ambits:
How does a fly works? The Molecular Biologist Francois Jacob (1998) for-
mulate it when he commented an anecdote when he was a primary stu-
dent. A classmate of his brought flies to school? and, to understand how
these animals worked, he took specimens and then began to “disas-
semble”, that is, to remove their parts: wings, legs, etc., until they died.
“Once this was done, he would have liked to “reset the system” and put
each piece back in its place. But there was no chance of getting it” (Ja-
cob, 1998, p. 47).

Childs and students in general, can understand a lot of things
about organisms without it being necessary to “disassemble” them. To
learn about nature of science also brought ethical issues: we cannot and
should not treat other living beings as we please. But, in addition, is im-
portant to approach in the best way possible the curiosity to understand
how these organisms are, behave, are built and work. This requires rais-
ing animals like Drosophila, observe their lifecycle, identify their be-
haviour, and rid them of pathogens or competition with them for food
and space. The pioneers in implement and develop these procedures
were scientists like Thomas Hunt Morgan and their collaborators, such
as Kohler reports (1993; 1994; 1999).

Kohler also reports on a crucial situation for the topic at hand: In
United States Drosophila it was part of school practices before coming
to inhabit the scientific laboratories properly. To this we can add also
that the fly later occupied a prominent place in other types of labora-
tories, such as those used in the training of biologists (Matta, 2010) and
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biology teachers (Castro, 2013). In other words what it is about is a se-
ries of itineraries that Drosophila has followed, since its natural habitat
to the human environment, within those that stand out scientific and
educational scenarios. The convergence of these trajectories highlights
the meeting point that we referred previously.

Itis important to highlight that this proposal has a theoretical na-
ture and aims to be a reference for biology teachers to make complex the
nature of science, which is essential to enrich teaching practices. Then,
we have structured this article in four principal sections, taking as re-
source the constitutive elements (axis) of nature of science proposed by
Aduriz-Bravo (2005)3.

A historical axis, where we will show how the Drosophila became
part of “life in the laboratory”; a philosophic axis, where we will show up
the epistemological, ontological, and ethical status of D. melanogaster,
approached as a “model organism”; a sociological axis, where we will
approach the social relations and the academical exchanges between
different researchers of the fly; and, a didactical axis, where we will em-
phasize the educative value of this insect in biology teaching. In the last
part, we will present final considerations, highlighting how Drosophila
is situated at a prolific crossroad that allows us to enlarge the view of the
nature of science.

Drosophila melanogasterItinerary: from natural
history to laboratory ecology

Although this article emphasizes Drosophila as a model organism
— the central theme of the third section —, we coincided with Morioto &
Pietras (2020) when they stand that the fact of considering the fly in this
way, related to experimental work context has left aside another aspect
of this animal: their lives in natural habitats where it develops crucial
ecological roles. That is to say that its natural history has been over-
looked. In this sense, it should be noted that in order to understand this
organism in all its magnitude and show how it has become an inhabit-
ant of scientific, university, and school laboratories, it is necessary to
account for its previous existence, before it intertwined its life with the
human cultures.

According to Keller (2007), D. melanogaster is native form equa-
torial Africa, from where it migrated dispersing throughout almost the
entire planet, just like Homo sapiens. Indeed, Keller stands that Dro-
sophila have become a commensal of our species and have travelled
with us to diverse corners of the world. Furthermore, we could affirm
that this fly has perfectly adapted to human life, becoming a member
of our societies and cultures: it is a cosmopolitan species dependent on
anthropogenic food sources.

Into the scientific spheres, D. melanogasterwas initially described
and nominated by the German Johann Wilhem Meigen in 1830%, mean-
while in the United States was baptized as Drosophila ampelophila by
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Joseph Albert Lintner in 1875, the year in which probably it came to this
country (Keller, 2007). A short time after, approximately in 1901, it made
its incursion into scientific laboratories, and early 1910 gave signifi-
cant proof of its capabilities as an experimental organism in genetics
(Kohler, 1993).

Kohler’s statements (1993; 1994; 1999) are essential to develop
our argument, so in that section and the following ones we will base
ourselves mainly on them. In the first instance, the author’s account of
how the Drosophila went from being a wild animal to being an inhabit-
ant of human societies, acquiring a “semi-domestic” nature, to finally
become a standard organism of laboratory. In this way, Kohler shows
how the fly due to its versatility it has managed to adapt to different
environments; some of natural character and others of cultural nature.
Within the latter, we are interested in highlighting the scientific and
educational environments.

Scientific® are principally research laboratories in genetics, em-
bryology, and other fields of biology. Kohler asserts that the artificial
space of the laboratory was where the Drosophila managed to colonize
a new ecology, in which there are other rules of selection and survival,
thus establishing a symbiotic relationship with the “drosophilists” ¢ or
“the fly group” led by Morgan. Since this point view, Kohler affirms that,
in the same way as the fly was transformed by the practices of the re-
searchers, they also changed their practices due to the qualities of Dro-
sophila.

Despite the imaginary that the Drosophilawas initially part of ge-
netic studies, the fact is that before it was used in research on physiolo-
gy, ethology, and evolution. In addition, Morgan was not the first work-
ing experimentally with this fly; the pioneer was William E. Castle, in
Harvard University, whose example other researchers surely followed
(Kohler, 1993). One of them was precisely Morgan himself, who trans-
formed the fly in an excellent “instrument” to understand the heredi-
tary transmission of some traits. It was Morgan and his colleagues who
“standardized” the Drosophila and succeeded in establishing the first
chromosome maps, founding in this way the mendelian genetics. All
the above was possible because of the fly’s traits: It has a short lifecycle,
it produces a numerous progeny, it is possible to maintain in a small
space and with scarce food, in variable environmental conditions, but
not extreme, and it tends to mutate in a short time. Finally, it has ideal
qualities for laboratory work.

However, according with Kohler (1993), the entrance of Dro-
sophilainto the laboratory ecology was marked by inconvenient: it was
considered an undesirable animal, especially because is associated
with dirty places and, furthermore, it had to compete with widely used
experimental organisms such as mice. For this reason, the fly entered
the laboratory by the backdoor. In the same way, as was mentioned
above, this animal did not engage in experimental work on genetics but
had previously been part of studies about the evolution. Particularly,
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Morgan wanted to put on proof his idea of mutation — understood like
abrupt change — with populations of Drosophila and demonstrate then
that the modification in the environment produces transformations in
the organisms, allowing in this way evolutionary changes. It was based
on this type of work that Morgan foresaw that the fly could shed light on
the elusive problem of hereditary transmission.

A relevant discovery, but not the first, was the identification of a
male with white eyes in 1910 by Morgan when the colour red is the rule’.
Several new mutants would then be identified, which is why Kohler
(1993; 1994; 1999) calls the Drosophila a “reactor-breeder”: A system ca-
pable of produce mutations, which in turn lead to more experiments in
which new mutations are revealed, and so on.

In summary, between the fly and the “drosophilists” new ecolog-
ical-cultural interactions were established and strengthened. Kohler
(1993, p. 308-309)% expresses it in these terms:

This symbiotic relationship transformed Drosophila
physically into a new domesticated creature, one that did
not exist in nature and that could only have been created
in the peculiar ecology of a genetics laboratory. And so,
too, did it transform the fly people into a new variety of
experimental biologist, with distinctive repertoires of
work and a distinctive culture of production.

This relationship led, among other aspects, to the Drosophila be-
coming a model organism?, a matter that we will develop immediately.

Drosophila melanogasterlike Model Organism: The
ontological, epistemological, and ethical status of
experimental animals

According with Daston y Galison (2007) all sciences must select
and build working objects, which contrast with the abundant and vari-
ated natural objects. For them, the central issue is that no sciences can
carry outit work without such active and standardized objects. But, how
do these objects go from being in a “natural state” to becoming proper
scientific objects? This question can be resolved based on the categories
proposed by Daston (2000): prominence, emergency, productivity, and
rootedness.

Prominenceis a word used to describe the multiple ways in which
some phenomena or entities calls the scientific attention, and, for this
reason, they are transformed into scientific objects. The emergency al-
lows to postulate a radical form of novelty: it is about the irruption of
scientific objects without everyday prehistory, for example, some math-
ematical objects, i.e., that emergency is a genuine “bring to existence”.
Productivityrefers to that scientific objects never are inert, they get their
ontological status due to production of results, implications, surprises,
links, manipulations, explanations, and applications. About, rooted-
ness, it is important to note that the objects have a scientific character
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to the extent that they are the target of an epistemic activity. This be-
comes manifest, for example, when experimental systems embed scien-
tific objects within the wide field of a scientific, material, and practical
culture.

Until now we have referred to scientific objects in a general way,
but in what sense can animals, like the Drosophila, be equated to sci-
entific objects? Especially since the end of the 19th century, some ani-
mals came to take part in biological experiments, which took place in a
specific space: the laboratory. Different organisms were confined to the
laboratory and developed a series of anatomical, physiological, and be-
havioural traits, among others. that have allowed humans to manipu-
late these properties and use them to extrapolate them to other types of
studies. In short, these animals gave rise to “model organisms” (Weber,
2008).

According to Ankeny y Leonelli (2011, p. 313), model organisms®
are:

[...] non-human species that are extensively studied in or-
der to understand a range of biological phenomena, with
the hope that data and theories generated through use of
the model will be applicable to other organisms, particu-
larly those that are in some way more complex than the
original model. They also have a variety of experimental
advantages; notably they are easy to breed and maintain
in large numbers under laboratory conditions.

The authors also explain two attributes of these organisms that
make them, precisely, “models”. In first place, we have a “representa-
tional scope™: it is possible extrapolate the results obtained with a spe-
cific experimental organism to a broad spectrum of organism which
usually includes the human being. Secondly, we face it “representation-
al target” which are the phenomena that can be investigated through
these organisms. Thereby

[...]: while the representational target describes the con-
ceptual reasons why researchers are studying a given or-
ganism, the representational scope defines the extent to
which researchers see their findings as applicable across
organisms (Ankeny; Leonelli, 2011, p. 315).

Akeyissueis that model organisms are configurates such it due to
standardization process carried out into laboratory ecology. This point
can be illustrated perfectly with the Drosophila, insect that fully com-
plies with everything that is required for experimental work:

[...] model organisms have particular experimental char-
acteristics that are closelyrelated to their power as genetic
tools: they typically have small physical and genomic siz-
es, short generation times, short life cycles, high fertility
rates, and often high mutation rates or high susceptibility
to simple techniques for genetic modification (Ankeny;
Leonelli, 2011, p. 316).
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As we said above, were Morgan and colleagues whose constituted
the D. melanogasterin the ideal standard organism to genetics. Howev-
er, what does it mean to understand an organism as a “standard”? This
may mean that it has been “manufactured” by human practices —in this
case, laboratory-, with the intention that it fulfils certain functions that
allow to elucidate certain problems, like the hereditary transmission of
characters. Likewise, the idea of a standard carries a broader context
than a particular laboratory, such as that of Columbia University, where
Morgan and his team worked with Drosophila. We will take up this topic
in the next section.

To Kohler (1994, p. 14), a standard means “[...] the things that ev-
eryone uses”. Here “everyone” denotes the people who are part of simi-
lar research projects, and that they implement similar practices to solve
the problems that are significant to them. The standard term alludes not
only to the fly itself but also to some tools that were elaborated thanks
to it and are used by “everyone” like genetic maps. As is well known,
the Drosophila allowed to establish relations between the behaviour of
chromosomes and the hereditary transmission of certain traits. Also,
thanks to this animal, was possible to understand the linkage between
genes and the interbreeding process''.

It is a commonplace of historical and philosophical studies of bi-
ology to refer to model organisms in general, and the fruit fly in particu-
lar, as instruments: flies are analogous to instruments in many ways,
“Ecologically, for example, they survive only in the artificial environ-
ment of a laboratory” (Kohler, 1999, p. 244).

Is since this point of view that Castro (2019) had called the atten-
tion about the ontological and epistemological status of a model or-
ganism, like Drosophila, accounts of this animal simply as an instru-
ment, an artifact, or a tool used to perform experiments. In such terms,
a fly would be the equivalent to, putting just in case, a thermometer.
Or, according with Ankeny and Leonelli (2011, p. 317), “[...] the model
organism is understood as a test tube for achieving a full understand-
ing of all biological processes”. In a wider way, such organisms also are
conceived as technology: “Experimental creatures are a special kind
of technology in that they are altered environmentally or physically to
do things that humans value but that they might not have done in na-
ture” (Kohler, 1994, p. 6). Weber (2005), for his part, proposes that did
not take this kind of affirmation literally, due to biologists did not build
the model organisms, but they modify them. In addition, he says, these
organisms, unlike the instruments, help to identify phenomena that oc-
cur within them, not outside of them.

But, regardless of the language used, we consider that model or-
ganisms should not be understood in the way indicated, because the
ontological status — what kind of entities they are — and epistemologi-
cal — what can we know about them and with them — must be comple-
mented with its ethical status: An experimental animal like Drosophila
does not have to be treated as an instrument or a tool, since it is aliving
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and sentient being, whose existence deserves respect. Despite living in
the laboratory, that life must be dignified (Castro, 2019).

Anyway, it is important to have in mind that experimental work
with Drosophila was the foundation for the construction of genetic
maps, which, together with strains of flies, became a “bargaining cur-
rency” among groups of researchers. This leads us to explore other ques-
tions of a sociocultural nature raised by the scientific practices in which
D. melanogaster has been implicated. In this way, in the next section we
approach a topic that accounts for the sociological axis of our proposal:
how the habits of intellectual interchange between different research
groups were key to the constitution of the fruit fly as model organism,
principally in genetics. This allows us to approach to social dynamics
of scientific communities and understand the knowledge scaffolding as
the result of a process of interaction between subjects, which deploys a
series of practices that are entrenched in long-standing experimental
traditions.

Drosophila melanogaster, the ‘Drosophilists’ and the
moral economy: the social relationship within the
Morgan’s laboratory and between the laboratories of
scientific research on the fly

The mutant strains of Drosophila, as well as the genetic maps,
came from standardized organisms and instruments, which allowed
sent to diverse laboratories in the world, where were used in the same
forma as “drosophilists” did. This gives, as a result, its universalization:
different researchers, separated by space, but linked for working on
similar problems share a cumulous of theoretical-practical knowledge,
as the one that is implied with the experimentation with the fruit fly. Of
course, this experimental activity originated in a restrained context, in
Morgan’s laboratory at Columbia University, but gradually it embraced
a wider action ratio, in part due to the interchange strategies with di-
verse research groups situated across the planet.

Marxist historian E. P. Thompson proposed the idea of “moral
economy”, which have been resignified by Kolher (1994; 1999) to ac-
count for how social relations were established and strengthened with-
in the team led by Morgan and between this group and other similar
groups. Following Kolher’s statements, the moral economy of the “fruit
fly group” was characterized by 1) the access to the interchange tools;
2) the equity in the assignation of credit, which means public recogni-
tion; and 3) the authority in the configuration of research agendas and
to decide what worth’s to be inquired. Kolher highlights, in the same
way, that in this group, a set of relationships was established such as, to
name a few, division of labour and reciprocity. Not all the members did
the same, but they did it following common goals.

On the relationship with other groups, Kolher (1999) says that

these relations consist in “interchange webs”, which are exemplified
with the production of manuscripts, books and papers, in particular,
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that they helped to spread the results of their work; but Drosophila mu-
tant strains were also exchanged, and experimental techniques and
protocols were socialized. It is from this perspective that Kohler (1999,
p. 245) affirms that:

Standard fly and map, moral economy, and exchange net-
work arose together — produced each other, one could say:
the material, social, and moral [and literary] aspects of a
remarkable machine for producing genetic knowledge.

Kohler (1999, p 246) also asserts that experimental life, regarding
the Drosophila, should not be seen as a solely biological or exclusively
cultural issue, but must be understood as an inextricable mixture be-
tween nature and culture “[...] and nature and culture must also blend
seamlessly in histories and sociologies of experimental life”.

And, as we say before, this way of life experimental, established
and developed by the “drosophilists”, emphasized collaboration, which
implied that the group received visitors to work within it so that they
could learn in practice the ways of approaching the problems that the
Drosophila helped to elucidate. Some of those visitors were graduate
students and even university and school professors. Since this perspec-
tive, Kohler (1999, p. 250) states that the fly group did not see his visitors
as disciples who should follow his directions to the letter. However, that
group yes “[...]| had many devoted alumni, but it was not a ‘school’”.

In our view, this group could be considered “a school” in at least
two meanings of the term: as a current of thought and action, and as a
community in which one teaches and learns. Were interested in high-
lighting that, with Morgan and his colleagues, teachers were trained
who, upon returning to their institutions, put into practice what they
had learned with the “drosophilists™ “[Morgan] turned to teachers of
biology in small colleges, inviting them to perform some part of the
Drosophila work in return for a Ph.D. degree” (Kohler, 1999, p. 254). In
addition, we consider that the habit of exchanging knowledge and ma-
terial elements can be a base so that the Drosophila has also become a
resource and a teaching strategy.

This is evident from the fact that, in the context of the training of
biology teachers and biologists, it is common to learn about genetics,
and other areas, through experimental work with flies. In other words,
it is possible that the Drosophila mutants have arrived at different uni-
versity laboratories thanks to the exchange processes described, where
they adapted to a different life and habitat: experimental life in the edu-
cational laboratory environment. According to Sofer & Tompkin (1994),
the community of research with Drosophila is broad, which evidences
why many schools and universities have places where flies are cultivat-
ed and maintained, allowing to novel students become familiar with
these insects, learning how to care for them. Thus, we can affirm that
D. melanogaster is also a model organism for biology teaching (Pasini;
Bertolottoa; Fasano, 2010; Harbottle; Strangward; Alnuamaani; Lawes;
Patel; Prokop; 2016).
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Drosophila melanogaster as Model Organism in Biology
Teaching

Utilization of organisms in biology teaching obeys in part, ac-
cording to Mayer (1980), the aim and scope of this science. Initially, the
study of Biology was in the fields of systematics and morphology aim-
ing at the exploration of preserved specimens, dissected or prepared, in
this way the use of these organisms in the classroom did not emphasize
experimentation, but in the observation with confirmatory approach,
converting the laboratory into a scenario where students worked with
non-living organisms mainly for dissection practices, with the purpose
of observing, labeling and memorizing. However, it is recognized that
there is little to be gained from this type of practice, compared to the
diagrams available in textbooks.

Nowadays, the role of the organisms in education have changed,
what has affected the content and conceptual load of biology courses at
school, giving more importance to the structure and identification of
diverse organisms, including into the curriculum topic such as molecu-
lar biology, genetics, ecology and behaviour, among others, reducing
significantly the practice and the trade of animals to dissections, and
enlarging the development of laboratories with preserved or alive ani-
mals (Mayer, 1980), within which the most estimated is the Drosophila.

In the educational field, the reasons to select Drosophila as a
model organism are related to the principal arguments of its utilization
in scientific research; is highlighted in the school the ease of cultivat-
ing the insect, its short life cycle, its maintenance, and cultivation re-
quires little space, it is a low-cost animal, it presents a great variety of
mutant strains, etc. Added to this, currently, genetic textbooks provide
sufficient information related to the use of this fly as a model organism
(Snustad; Simmons, 2012).

Beyond the enormous interest that Drosophila has awakened in
scientific work, the university and the school as educational scenari-
os have recognized the potential of this organism in biology teaching,
particularly genetics teaching. Despite the impact that this area has
on daily life, students state that its content represents great difficulty
(Bahar; Johnstone; Hansell, 1999; Fauzi; Ramadani, 2017). For example,
have been identified problems with the understanding of the concept of
“dominancy” (Abraham; Perez; Price, 2014), as well as, in the relation-
ship between genetic and phenotypic variation, and its implications
in the understanding of evolutionary and biomedical processes (Page;
Crook, 2022).

In all cases, the work with Drosophilain the school requires using
of living organisms and the management of standardized methodolo-
gies. Generally, scholar practices began with the presentation of pro-
tocols that includes the elaboration of growth medium for the mainte-
nance of the individuals, as well as indicating the type of observation
and recording that must be carried out'2.
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In this sense, and according to Pasini, Bertolottoa, and Fasano
(2010), Drosophila is the eucaryotic organism more utilized in biology
class, due to the properties that we already signaled, which allows us
to develop little scholarly projects. Authors in the same way affirm that
this fly has been a model organism of biology for almost a century and
has allowed research on genetic issues and other nature. But how can
we understand the Drosophilaas a model organism for both biology and
its teaching? It seems that, according to what is stated in this article, D.
melanogaster first did part of the experimental work in genetics labora-
tories to later “colonize” educational environments. This is not entirely
true.

Kohler (1999) affirms that exists a rooted story, but wrong, about
that was Morgan who to work on genetic issues, trapped wild exemplars
of Drosophila and cultivated them in his laboratory, due to this fly fits
perfectly in Mendelian perspective and it will help to give light on the
problem of hereditary transmission. According to Kohler (1999, p. 245),
this story has passed generation after generation of biology students
turning into a myth: “It is a tidy, rational story, pedagogically useful for
socializing students; but it is not a true account of the mess of real re-
search. The fly’s advantages were real enough, but they were not why
Morgan initially took up the fly [as an experimental organism]|”.

In effect, Drosophila already was an inhabitant of other laborato-
ries, different from Columbia University, before Morgan put his atten-
tion to it, however, we cannot forget that were the “drosophilists” who
made the fly a model organism. Previously, D. melanogaster was a resi-
dent of some scholarly laboratories. Before turning into the “genetics
vedette” (Jacob, 1998), our minute fly was employed by biology teachers
to make demonstrations about tropisms, sexual dimorphisms, and, in
this sense, its principal advantage was to be an excellent organism to
develop scholarly activities:

In fact, there is evidence that Drosophila was first brought
into laboratories primarily because it was ideally suited
to student projects: it was abundant in the fall in gardens
and orchards and active through the winter, when live
material was needed, and cheap and easily replaced when
inexperienced students killed off cultures. Plants and ro-
dents, in contrast, were seasonal or expensive to main-
tain, subject to blights and epidemics, and not forgiving
of student mistakes. Drosophila was uselul for student
work, but for that very reason its status as an instrument
of research was decidedly low. That is, until it was seren-
dipitously taken up in genetic experiments (Kohler, 1999,
p. 245-246).

Drosophila, in short, was nicely adapted to the collegiate
environment and the cycle of academic seasons (Kohler,
1993, p. 296).

Drosophila had an early success in educational scenarios, but, at
the same time, this situation made that high-level researchers didn't
see it with good eyes. So, is not risked affirming that, although the fly
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entered the scientific laboratories through the back door, coming from
the educational institutions, it remained linked to the new form of ex-
perimental life, thus becoming a model organism. And in this way, it
returned modified and empowered into the scholar scenarios properly.
Then, is not crazy to affirm that Drosophila also is a model organism to
biology didactics, although this is not limited to genetics teaching:

Drosophila offers a way for teachers to help students make
connections between populations, the organism, the cell,
the chromosome, the gene, and the DNA [...]. We feel that
the major value of doing the fly lab lies not in the genetics,
per se, but rather in the opportunity to expose the student
to aliving animal which they rear and manipulate to gen-
erate real data. Often, a student will initially find a vial
seething with larvae to be disgusting, but later that stu-
dent will be found to be staring, fascinated, through the
stereoscope/microscope at just such a vial (Pasini; Berto-
lottoa; Fasano, 2010, p. 1166)"3.

In short, biology teaching supported in practices with Drosophila
isn’trestrained to genetic issues; this fly also has been utilized as an ed-
ucational resource in the teaching of other processes and phenomena
present in the curriculum, such as, to cite a few: lifecycles (Demczuk;
Nunes; Silva, 2007), Development of scientific skills (Intra; Pasini, 2016),
populational growth (Beals; Krall, 2010), Behavioural patterns — geo-
taxis, chemotaxis, or phototaxis — (College Board, 2012) and evolution,
especially the concepts of natural selection and genetic drift (Plunkett;
Yampolsky, 2010).

But, regardless of the above, it is important to have in mind that
once the fly became a model organism for genetics, it had important
repercussions in the school context. In the first part of the XX century,
authors like Demerec and Kaufman (1940) recognized the significa-
tive contributions of the “vinegar fly” in the development of genetics
— which assumes that one of the great scientific achievements of the
first decades of this century — and he remarks on its contributions to
the teaching of this science. Based on the above, students should have
access to the flies themselves and learn the scientific procedures which
already have become tradition, principally in Morgan’s laboratory. In
the decade of 1950, was promoted the employment of Drosophila for
teaching at the secondary level of some principles of genetics; it is sug-
gested that teaching is more effective if class discussions are accompa-
nied by laboratory work (Paloumpis, 1953).

Quoting Demerec and Kaufman (1940), Sofer and Tompkin (1994)
affirms that, over the years, the Drosophila has established itself as a
very useful organism in secondary schools for teaching Mendelian ge-
netics, as well as other biology topics**. However, they said that fly, not
being a vertebrate, implies that “[...] is not subject to the rules and regu-
lations that have been set up for working with such organisms” (Sofer;
Tompkin, 1994, p. 418), which could imply that the Drosophila does not
have an ethical status and that its existence does not deserve respect
from us.
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Unfortunately, this situation does not seem to be an isolated
case, due to diverse didactical proposals promoted a cruel treatment
to Drosophila. For example, in the project droso4schools™ described by
Harbottle et al. (2016, p. 19), despite the fact that it is claimed that in-
spiring and memorable teaching activities are carried out through ex-
perimentation with living organisms and attending to various topics of
the school curriculum, at the same time, work protocols that involve
dissecting and staining Drosophilalarvae are socialized, and it is indi-
cated how “[...] shaking epileptic flies into seizure or paralysing flies by
warming them to body temperature”. Also affirms that:

These exciting and didactically valuable lessons are pos-
sible using Drosophila as a teaching tool as it is one of a
few established laboratory organisms that is easy to breed
and use in schools, cheap and ethically unproblematic
(Harbottle et al., 2016, p. 19).

Certainly, these practices should not develop in the school, be-
cause students could become skilled in experimental procedures, but
become insensitive to other forms of life (Grilli, 2018; Ortiz, 2018). Life
in the laboratory does not have to be undignified.

To face these reprehensible treatments, grounded in unjusti-
fied ethical positions, it is necessary that the school be committed to
respecting the existence of other living beings. One way to undertake
this enterprise is to work with living organisms without harming them,
but instead allowing students to understand how the animals used in
laboratory practices are and behave. As we said in the introduction, we
canlearn how a fly work without the need to “disassemble it”. Since this
perspective, in literature, many teaching strategies have been reported
that take Drosophila as a didactical resource and at the same time foster
respect for this insect.

One of this works is the proposal developed by Demczuk, Nunes
y Silva (2007), who inquired about the spontaneous conceptions of el-
ementary school students about the life cycle and metamorphosis, us-
ing Drosophila cultures, which had to be observed and described by the
students, recording their observations and descriptions daily in a note-
book. This kind of practices would help promote respectful treatment
of other agencies.

It seems that there is a tendency to teach issues about lifecycles
using Drosophila, and the paper of Kurvink (2004) is not an exception.
In effect, this author affirms that students like to work with living or-
ganisms, like D. melanogaster. Direct observation of this animal allows
to the students appreciate the appearance of the different stages of
metamorphosis, as well as identify pathogenic organisms such as some
fungi.

Nissani (1996), since another approach, recounts the experience
carried out with four groups of students, each of whom was supplied
with two vials containing between ten and twenty Drosophila. The con-
tainers had to be arranged horizontally, and undisturbed, on the desk
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and then note how the flies behaved. Specifically, the author was in-
terested in the students being able to identify some “dancing flies” and
observe other behaviours that seemed striking to them. For the subject
athand, the article by Nissani (1996) has added value, since it is the only
one that we have found where the Nature of Science is explicitly alluded
to, emphasizing that students understand, through work with Drosoph-
ila, how scientific inquiry is carried out.

Nevertheless, Garcia-Carmona, Vazquez and, Manassero (2011),
affirm that the nature of science should not be confused with scientific
procedures, since practicing them and learning the nature of science
are not the same thing. Without a doubt, this distinction is important,
but it does not have to lead us to question the relevance of practical
knowledge, both in learning science and in reflections on the nature of
science. We often learn laboratory techniques, how to manipulate sci-
entific instruments, or how to breed model organisms, but we almost
never question ourselves about how that knowledge has come to be
what it is and why it is scientific knowledge itself. The nature of science
is not eminently theoretical and conceptual; science does not restrict
itself to its theories. In the last instance, scientific knowledge must also
be assumed from a practical and value perspective.

On the other hand, it is important to highlight that the works con-
sulted on the educational value of the Drosophila do not explicitly allude
to the nature of science, in relation to the historical, philosophical and
sociological aspects, a topic that, for its part, is to which Aduriz-Bravo
(2005) puts his attention, maintaining that the history, philosophy and
sociology of sciences are “meta-sciences”, that is, disciplines that take
science as such as the object of study: “In the didactics of sciences we talk
about ‘nature of science ‘to refer to a set of meta-scientific ideas with value
for the teaching of natural sciences” (Aduriz-Bravo, 2005, p. 12, italics in
the original).

In the same way of argumentation, Matthews (2017) raises an im-
portant distinction: it is one thing to teach aspects of science — for ex-
ample, what a chromosome is, or a gene — and another thing is to teach
aspects aboutscience —what is science, how is it elaborated and how is it
transformed over time's. Precisely, this last scenario is that of the nature
of science, which contributes to broaden the perspectives from which to
approach scientific issues in the classroom:

Like all teachers, science teachers must think ‘seriously
and deeply’ about the subject matter they teach; is an-
other way of saying that all teachers should think about
[the sociology,] the history and philosophy of their sub-
ject. Teachers require an educational compass, but there
are many, and they all point in different directions. Phi-
losophy is necessary to make an educational compass
that points to the educational north [...] (Matthews, 2017,
p.523).
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Our “educational north” is to recognize the Drosophila as an
organism that foster the teaching of Nature of Science. However, it is
necessary to underline that this meta-knowledge must be addressed in
teacher training programs", establishing interdisciplinary reflections
around the internal and external functioning of science, the construc-
tion and development of scientific knowledge, the methods used to
validate and disseminate knowledge, the values and emotions involved
in scientific activities, etc. As is well presented by Garcia-Carmona,
Vasquez and Manassero (2011, p. 408) a scarce comprehension of nature
of science in education “It can only be remedied with adequate train-
ing on these issues, both in initial training and in permanent [teacher]
training”.

Consequently, the previously mentioned axes, sociological, phil-
osophical, and historical, should not be addressed in a disaggregated
manner, but rather comprehensively. It is from this point of view that
in this article we have proposed that D. melanogaster can be a meeting
point between those axes, becoming an excellent “educational com-
pass” so that teachers have more clarity about which didactic paths to
trace and undertake.

Final Considerations: Drosophila melanogasterin the
crossroad between history, philosophy, sociology, and
biology didactics

In a few words, our proposal is that historical, philosophical, and
sociological studies of biology, regarding the Drosophila, they must be
assumed as an ideal frame of reference so that teachers can support
the nature of the science they intend to teach. We have seen that the
educational literature consulted on the fly does not approach on these
“meta-scientific” issues and can even go against them, which is evident
with the ethical issues discussed, both in the field of scientific work in
the laboratory, as well as in school practices around the Drosophila. We
also allude to the nature of science as a field of inquiry and reflection of
science education. It is from this perspective that we propose to under-
stand D. melanogaster as a meeting point between the mentioned areas.
Likewise, we consider, following Matthews (2017), that the nature of sci-
ence can be understood as an educational compass that helps us locate
ourselves and direct us towards the place of destination.

Aswas mentioned above, Drosophilais employed in biology teach-
ing recurrently in practical and theoretical processes. However, in this
article we defend that this organism, taking into account its historical,
philosophical and sociological trajectory, presents a high potential to
overcome an uncritical and instrumental approach of teaching process,
and, in addition, it can promote a move away from a utilitarian concep-
tion of biology. This is how we propose an approach to the nature of sci-
ence from the fly, given that its transfer as a model organism allows to
demonstrate the complexity of scientific activity and what it demands
for the subjects that are dedicated to its research.
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Likewise, the meeting point represented by the Drosophila con-
tributes to:

a) Understand the diversity of contexts in which progress is made
and the value systems (ethical and epistemic, among others) un-
der which different actions and practices are evaluated;

b) recognize the material and artefactual resources that were had
or that resulted from work with the fly;

¢) understand the motivations and the demands that the social
context generated for its research, and the professional itineraries
that they developed in the different areas in which that organism
circulated;

d) have a better knowledge of the scientific methods and concepts
and the way in which are associated with aims and values;

e) and promote the ethical discussion around the experimental
practices beyond the field of genetics, due to the amount of natu-
ral and induced mutants of this species, but into other areas in
which D. melanogaster plays a prominent role, such as the neu-
rosciences, development biology, and, human diseases research,
promoting protocols and regulations on its use in experimenta-
tion, and raising values of an ethical nature, which threaten not
to treat living beings in a cruel or unworthy manner.

Thus, since this article deals with specific aspects of the teaching
of biology, it would be opportune to refer particularly to the nature of
biology, following Fischer, Wandersee and Moody (2002). These authors
understand the biological knowledge and the nature of biology as a wide
territory that, to be explored, requires that we have an adequate map:

In learning about and traversing such a complex territory
as biology, the metaphor of a map is useful. Mapping biol-
ogy can help us see where we (and others before us) have
been, and plot a route to our new destination via estab-
lished referents, landmarks, and benchmarks. The alter-
native is accidental accretion of disorganized knowledge
by random walk. However, if you want to get where you
want to go, use a map! (Fischer; Wandersee; Moody, 2002,
p.32).

Of course, the Drosophila has not only allowed us to build genetic
maps, it has also helped us to map and navigate the territory of biology
and its teaching and, in this way, helped to integrate the scientific as-
pects with the “meta-scientific” and didactical aspects, it stands at the
crossroads of those paths.

Like we have affirmed before, Drosophila have been a model or-
ganism of biology and its teaching, but, maybe the most relevant part
for the proposal of this paper: This fly can also be a model to broaden
the perspective on what we understand as the nature of biology, with
clear didactical implications.

After all, the Drosophila has been part of various dimensions of
our lives, and this dates back a long time. Homo sapiens and Drosoph-
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ila melanogaster are both native to Africa and have spread over a good
part of the planet. Perhaps we do not sail in the same boat, but we meet
along the way, following the same routes: we have been fellow travellers
and we have become together in an interspecies relationship (Castro;
Bernal, 2021). Paraphrasing Kohler’s (1993), just as the “drosophilists”
transformed the fly when it came to inhabit the ecology of the labora-
tory, this insect transformed Morgan and his team into a new breed of
researchers; ultimately, it is a symbiotic interaction, thanks to which we
have learned a lot about genetics and other areas of biology. Although
the main lesson that we should have learned is focused on the ethical
dimension of biology and its didactics: be respectful of other life forms
and marvel at their existence. In our opinion, the fundamental course
of biology teaching is to achieve this goal, where Drosophila melanogas-
ter still has a lot to offer.
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Notes

—

Occasionally we allude to Drosophila, or simply like fly.

2 Indeed, itwas not D. melanogaster but the housefly (Musca domestica), although
Jacob uses that example to speak of the Drosophila as the first fundamental
animal in the development of genetics.

3 Although it must be specified that our approach does not fully coincide with
what the author expressed.

4 Although the generic name “Drosophila (dew-lover) was coined by the Swedish
entomologist Carl Frederick Fallen in 1823 [...]” (Roberts, 2006, p. 93). Original
English quote: “The name Drosophila (lover of dew) was coined by the Swedish
entomologist Carl Frederick Fallen in (1823) [...]

5 We will address the topic of educational environments in later sections, espe-
cially in the fourth.

6 “[...] —as the fly people [Morgan and his colleagues] called themselves -".

7 Thistraitisstriking primarily becauseitislinked to sex, on the XY chromosome
system.

8 Inthe Spanish version of this paper, all citations from English were translated
by the authors.

9 According to Roberts (2006), Drosophila melanogaster can be considered as a
model organism for more than 100 years.

10 For these authors, the term model organism has been widelyused in biological
discourses since the era of the human genome project and came to be part of
the jargon of post-1980s science studies.

11 After the work of Morgan and his team, other researchers took up the Dro-
sophila as an experimental organism and, due to this, understood aspects of
heredity from molecular and developmental perspectives, among others. On
this subject see Weber (2005; 2008).

12 The American Biology Teacher journal has a section entitled How-to-do-it,
in which it is possible to find several practice papers that describe labora-
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tory protocols that use the Drosophila for science teaching phenomena and
concepts; for example, Mertens (1983), Heckman (1992), and Kurvink (2004),
just to name a few.

13 From this citation, it can be inferred that biology teaching processes should
promote caring forlife, for which itis essential to have close contact with living
organisms, avoiding treating them as mere instruments that can be manipu-
lated at will. We will elaborate on this idea later.

14 The research of these authors was focused on high school students being
able to understand the sexual behaviours of the Drosophila, mainly due to the
interest that this topic arouses in adolescents and, also, because this type of
activity does not require sophisticated equipment, such behaviours can be
observed at a glance.

15 Although the project proposes strategies and resources (available online) that
are interesting (for example, there are videos that explain why the fly has been
used as a material for experimental research and activities that encourage
students to develop graphs and statistical analysis), some of these activities
promote non-humane use of flies, which is ethically reprehensible (see text
and following notes).

16 Those aspects are not opposite, but complementary. We emphasize questions
on science.

17 Izquierdo and collaborators (2016) invite, from the nature of science, to
explore the teaching dimension that scientific activity has had at all times.
Particularly, Morgan and his group propose a relevant educational practice
reference to study.
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