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ABSTRACT Lakatos’s philosophy of science has been used for different branches of bio-
logy, however this has not been true for helminthology. Therefore, this article examines 
the possibility of using his methodology of scientific research programmes (SRP) for re-
constructing the history of the discipline of helminthology. It is upheld that the first SRP 
in biology was inaugurated by Aristotle, and its protective belt included a small group 
of auxiliary hypotheses referring to helminths. This programme continued up until the 
17th century, when two rival programmes in helminthology arose: the internalist and 
the externalist. After the second half of the 19th century the internalist SRP was aban-
doned, while the externalist considerably broadened its protective belt during the 20th 
century. The internalist programme was abandoned due to the crucial experiments of 
Küchenmeister, which permitted the consolidation of the externalist SRP. 
KEY WORDS Philosophy; Helminthology; History.

RESUMEN A pesar de que en distintas ramas de la biología se ha utilizado la filosofía 
de la ciencia de Lakatos, no se ha hecho esto con la helmintología. Aquí utilizamos su 
metodología de programas de investigación científica (PIC) para reconstruir la historia 
de la disciplina en cuestión. Sostenemos que el primer PIC de la biología lo inauguró 
Aristóteles, y en su cinturón protector hay un pequeño grupo de hipótesis auxiliares 
que se refieren a los helmintos. Ese programa se mantuvo vigente hasta el siglo XVII, 
época en la que surgen dos PIC rivales en helmintología: el internalista y el externalista. 
A partir de la segunda mitad del siglo XIX, el PIC internalista fue abandonado, mientras 
que el externalista amplió considerablemente su cinturón protector durante el siglo XX. 
El abandono del PIC internalista se debió a los experimentos cruciales de Küchenmeister, 
que permitieron la consolidación del PIC externalista. 
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INTRODUCTION

This article is part of a larger research enti-
tled “La práctica individual y su relación 
con la práctica consensuada: el análisis del 
cambio conceptual en la helmintología” 
[“Individual practice and its relationship with 
the consensual practice: analysis of the con-
ceptual change in Helminthology”], which 
is focused on the epistemological aspects of 
helminthology. This is also the subject that 
Martín Orensanz, one of the authors of this 
article, chose for his doctoral dissertation in 
Philosophy at Universidad de La Plata.

Lakatos’ philosophy of science(1) has been 
used for different branches of biology, such 
as population genetics, (2) historical biogeogra-
phy, (3) ecology, (4) the cell theory, (5) nematol-
ogy, (6) the theory of evolution, (7,8) the study of 
prions, (9) parasitology, (10,11) the synthetic theory 
of evolution, (12) the study of sea phytoplank-
ton, (13) the study of the facial component in 
mammals, (14) the history of tropical medicine(15) 
and the analysis of the history of agriculture 
policies. (16) Although the mentioned works on 
parasitology, nematology and tropical med-
icine applied Lakatos’ philosophy for recon-
structing some aspects of the history of those 
disciplines, no studies – at least in a schematic 
manner – attempted to reconstruct the most 
outstanding moments in the history of helmin-
thology from ancient times to the present. 

Several studies about the history of gen-
eral parasitology have been conducted and 
they address subjects related to helminthol-
ogy. (17,18,19,20,21,22,23) However, Lakatos’ meth-
odology of scientific research programs (SRP) 
has not been applied in any of them. There-
fore, this article offers a rational – although 
schematic – reconstruction of this discipline. 

LAKATOS’ PHILOSOPHY OF SCIENCE 
AND ITS APPLICATION IN DIFFERENT 
BRANCHES OF BIOLOGY

Michod(2) uses Lakatos’ philosophy to ratio-
nally reconstruct the history of population 

genetics. He states that the hard core of SRP 
in this subfield of genetics is the assertion that 
evolution is equal to gene frequency changes 
in a population. The protective belt consists 
of mathematical models of genes, which 
started to develop at the time of the synthetic 
theory of evolution in the first half of the 20th 
century, continuing up to the present time. 
Such development enabled the prediction of 
new facts that were later corroborated which, 
according to Michod, could be an indicator 
of the progressive nature of SRPs. These pre-
dictions particularly referred to the mecha-
nisms in charge of gene frequency changes 
in a population, as for example, natural se-
lection, migration and genetic divergence, 
among others. 

Craw et al. (3) use Lakatos’ philosophy for 
reconstructing two different SRPs in a disci-
pline known as “historical biogeography”: 
the SRP in “panbiogeography” and the SRP 
in “vicariance biogeography.” Regarding the 
branch of biogeography known as “disper-
salist” or related to the “centers of origin,” 
Craw et al. remark that this SRP is not Laka-
tosian as it does not have the ability to make 
any novel theoretical predictions. The hard 
core of the SRP in vicariance biogeography 
is the assertion that biological cladograms are 
historically connected with each other and 
with the geological alterations that occurred 
over time. On the other hand, the hard core 
of the SRP in panbiogeography is the asser-
tion that standardized or generalized routes 
(known as geographic distributions of taxa) 
delimit ancestral biotas. Craw et al. suggest 
that the most progressive of these two SRPs 
is the one pertaining to panbiogeography, as 
it could predict the transatlantic connection 
between South America and Africa as well 
as the existence of an ancient supercontinent 
(Gondwana) composed of Africa, Madagas-
car, Australia and India. Nonetheless, the au-
thors remark that the success of the SRP in 
panbiogeography is not forever guaranteed, 
for it is possible, theoretically, to develop a 
more progressive version of the SRP in vicari-
ance biogeography. 

Peters,(4) in his study on some of the 
conceptual problems faced by the trophic 
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network theory in the context of ecology, an-
alyzes some feasible solutions. He maintains 
that Lakatos’ philosophy of science could be 
useful, at least initially, as a way of facing the 
flaws of this discipline. More specifically, he 
proposes setting those flaws aside until the 
SRP can solve them in the future. Neverthe-
less, it would also be useful to maintain said 
SRP if it offers novel predictions. However, 
Peters then rejects the possibility of using 
Lakatos’ theory in that way and declares that 
he agrees with Karl Popper when he says that 
hypotheses and theories should be rigorously 
tested, and that appealing to the produc-
tive capacity of such hypotheses or theories 
should not serve as an excuse to uphold them 
when they are deeply flawed.

González Recio(5) uses Lakatos’ philoso-
phy to reconstruct the cell theory as an SRP. 
He starts by presenting the historical con-
text, which begins with the discovery of the 
cell by Robert Hooke in the 17th century. 
He then describes the most important mile-
stones in the study of cells during the 18th 
century up to the 19th century with the cell 
theory proposed by Schleiden and Schwann. 
After describing the limitations of Popper 
and Kuhn’s philosophies for the analysis of 
the emergence of cytology or cell theory, 
González Recio provides an interpretation 
based on Lakatos’ philosophy. The hard core 
of Schleiden and Schwann’s SRP is the asser-
tion that cells are the smallest biological units 
of animal and vegetal organisms. The protec-
tive belt was developed in subsequent years 
as well as various researchers such as Leydig, 
Schultze and Overton contributed to its de-
velopment. Their supplementary hypothesis 
addresses the cell division process, the cell 
composition (which includes the nucleus, the 
membrane, the cytoplasm, etc.) and the pro-
cess through which cells form different types 
of tissue.

Schomaker and Been(6) use Lakatos’ phi-
losophy to reconstruct an SRP in nematol-
ogy, stating that Seinhorst’s work on this 
discipline can be interpreted as a progres-
sive SRP. Although they use Lakatos’ philos-
ophy, they remark that Seinhorst developed 
his own empirical philosophy – which 

ascribes particular features to his SRP – and 
that such features cannot be reducible to the 
Lakatosian approach. The main purpose of 
Seinhorst’s SRP is to search for methods to 
improve crop yield, based on the study of 
pests and diseases affecting them, particu-
larly focusing on plant-parasitic nematodes. 
Through his positive heuristics it was possi-
ble to develop a series of mathematical mod-
els to understand the interaction between 
nematodes and crops. He used, for instance, 
several equations to measure growth reduc-
tion in crops over time because of the num-
ber of nematode parasites of specific species. 
Schomaker and Been conclude their work by 
asserting that Seinhorst’s SRP could be broad-
ened to include the study of fungi and insects 
affecting crops. 

Dressino et al. (14) apply Lakatos’ philos-
ophy to analyze the study of the facial com-
ponent in mammals by revisiting previous 
research in which some concepts of the Laka-
tosian philosophy had been modified. One 
of them is the concept of “hard core,” which 
was replaced by the concept of “conserva-
tive core.” The difference between these two 
concepts lies in that the conservative core 
can be modified – as a maneuver of last re-
sort – if the flaws cannot be solved inside 
the protective belt. The conservative core of 
the SRP for the study of the facial component 
in mammals affirms that “the morphology of 
the facial component in mammals is the one 
resulting from the interaction of the differ-
ent functional facial components in terms of 
the nutritional state and the adaptation to the 
type of diet” that includes herbivores, carni-
vores, insectivores and their variants. Dene-
gri(10) reviewed the results of that work and 
states that the protective belt is composed of 
four supplementary hypotheses: “A) the hy-
pothesis of the effects of hereditary factors 
on the ontogeny of the facial component, B) 
the hypothesis of the effect of nutrition on 
genic expression, C) the hypothesis of mor-
phological changes during growth, and D) 
the hypothesis of the effects of malnutrition 
on facial ontogeny.” One of the most signifi-
cant conclusions of this SRP is the statement 
that certain phylogenetic trees would require 
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a reformulation including genetic and mor-
phological criteria and also the effects of mal-
nutrition on morphology.

Silva(7) questions the propositions of Pop-
per, Kuhn, Lakatos, Feyerabend and other au-
thors to analyze the history of the theory of 
evolution. He states that dialectic materialism 
rather than the philosophy of science of the 
mentioned authors would be more appropri-
ate to analyze the history of that theory. Silva 
also remarks that the way in which Lakatos 
addresses the separation between the internal 
and external history of science poses a prob-
lem: it cannot rationally explain the fact that 
a scientist may adhere to a regressive SRP for 
political and social reasons rather than for 
scientific reasons. Silva states that this ques-
tion can be rationally explained by dialectic 
materialism, whereas Lakatos would relegate 
it to the external history of science. 

Caponi(15) argues that tropical medicine 
can be considered a Lakatosian SRP which 
originated as a result of the contributions of 
microbiology and parasitology, eventually 
differentiating itself from said disciplines. He 
analyzes the creation of two of the most im-
portant institutes of tropical medicine of his 
time: the Institut Pasteur in France and the 
London School of Tropical Medicine in En-
gland. Caponi adds that the basic model of 
tropical medicine at that time was based on 
the parasite-vector relationship, malaria be-
ing a paradigmatic example of that model, 
although other parasites, such as filaroid nem-
atodes, are included. Thus, tropical medicine 
is based on the idea of the possibility of ex-
erting control over vectors that transmit tropi-
cal parasitic diseases. Malaria is the key point 
that differentiates tropical medicine from clas-
sical bacteriology, as this disease is caused by 
a protozoan transmitted by a vector insect and 
bacteriology is based on the model of bacte-
ria transmitted through water or air. Positive 
heuristics was able to create a protective belt 
composed of multiple supplementary hypoth-
eses related to the different types of tropical 
parasites but linked to the model of insect 
vector-transmission by vector insects.

Zobbe(16) affirms that Lakatos’ philoso-
phy of science is useful for the analysis of the 

history of agricultural research policies in the 
US. As a result of the farm crisis of the 1920s, 
two competing SRPs emerged with regard to 
agricultural policies: the first one argued in 
favor of governmental intervention in agricul-
tural economics through subsidies and other 
funding mechanisms. The second one as-
serted that monetary support was not enough 
and proposed governmental intervention in 
general economics including the relationship 
of agriculture with other economic sectors. 
Both SRPs remained in force until the 1970s, 
when the former entered a regressive phase. 
The latter continued being progressive as it 
added predictive hypotheses regarding inter-
national relations policies for US agriculture. 

Pidone(9) assesses different approaches 
of philosophy of science – including Pop-
per’s, Kuhn’s and Lakatos’ – for the analysis 
of the prion theory. First, he analyses the fact 
that diseases known as “transmissible spon-
giform encephalopathies” (TSE) affect both 
human beings and animals. Although vari-
ous theories – such as the viral theory, the 
virino theory, the mixed molecules theory, 
the nemavirus theory and the prion theory – 
have attempted to explain the causes of these 
diseases, being the prion theory the most ac-
cepted one nowadays. According to Pidone, 
all these theories could be considered Laka-
tosian SRPs with their respective hard cores, 
protective belts of supplementary hypotheses 
and heuristics. He also adds that, although 
the prion theory is the most accepted expla-
nation for TSE, in some cases making predic-
tions through this theory is not appropriate. 
Hence, it is valid to make predictions through 
“more pragmatic” theories, such as specific 
hypotheses of classical virology.

Denegri(10) applies Lakatos’ methodology 
to formulate an SRP in parasitology. His main 
purpose is not to find an SRP already exist-
ing in the history of this discipline, but to cre-
ate one that can be useful to parasitologists 
in their daily work. The hard core of this SRP 
is the assertion that the endoparasitic fauna 
of the hosts allows researchers to know their 
eating habits and vice versa. The protective 
belt is composed of two hypotheses: the first 
one is related to the general patterns of the 
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biological cycles of parasitic cestodes, trem-
atodes, acanthocephalans and nematodes in 
vertebrates. The second one refers to the de-
velopment of parasitic communities and is 
based on four models: non-asymptotic, as-
ymptotic balance, non-asymptotic balance 
and co-speciation. 

Pievani(12) applies Lakatos’ philosophy 
to rationally reconstruct the structure of the 
synthetic theory of evolution, also known as 
“modern synthesis” or “modern evolutive 
synthesis.” First, he describes a “disclosed” or 
“vulgarized” version of this theory, and then 
provides a more “realistic” version. The “vul-
garized” version of the synthetic theory of 
evolution can be reconstructed as an SRP as 
follows: its hard core is a neo-Darwinist ver-
sion of natural selection, as it focuses on the 
change in gene frequency in the populations. 
The protective belt is composed of three main 
supplementary hypotheses: i) the hypothesis 
of phyletic gradualism, ii) the hypothesis that 
macroevolution processes can be explained 
in terms of the approach of microevolution 
processes, and iii) the hypothesis of the pos-
sibility of using both functionalism and ad-
aptationism as explanations, as required by 
specific cases. In the rest of his article, Pievani 
exposes another possibility for reconstructing 
the synthetic theory of evolution as a Laka-
tosian SRP, although in a more sophisticated 
and “realistic” manner than that the SRP used 
for reconstructing the “vulgarized” version.

Several other works of this kind could 
be added to the list of abovementioned re-
search studies, such as the one proposed by 
Alsina Calvés,(8) who analyzes natural selec-
tion in terms of different philosophies of sci-
ence, including that by Lakatos; the work of 
Nunes-Neto et al.,(13) in which Lakatos’ meth-
odology is applied for the reconstruction of 
an SRP in the study of sea phytoplankton; So-
sa’s  work(24) in which he holds that biologists 
find Lakatos’ philosophy of science more use-
ful than Kuhn’s; and Scioscia et al.’s work,(11) 
which corroborates the SRP developed by 
Denegri through the analysis of endopara-
sites in the grey pampean fox.

This article does not intend to conduct 
an exhaustive review of the entire specialized 

bibliography in which Lakatos’ philosophy 
was applied in different branches of biol-
ogy, as that would totally exceed the scope 
of this research. Those studies have been 
mentioned with the purpose of offering a var-
ied and representative sample. In the previ-
ous works that refer to parasitology, tropical 
medicine and nematology, we did not seek 
to offer a reconstruction of the history of hel-
minthology from ancient times to the present. 
This is precisely the task that we will conduct 
in this work.

THE HISTORY OF HELMINTHOLOGY 
BASED ON LAKATOS’ PHILOSOPHY 
OF SCIENCE

It could be stated that the first SRP of biol-
ogy was proposed by Aristotle(25) in his re-
search entitled On the generation of animals. 
However, Lakatos(1) and Kuhn(26) had ruled 
out that statement, as both of them agreed 
that the first SRPs (or paradigms according to 
Kuhn) emerged in the 19th century as a result 
of Darwin and Mendel’s work. Nevertheless, 
Lakatos and Kuhn did not focus on the history 
of biology but on the history of astronomy, 
physics, chemistry and mathematics.

The hard core of Aristotle’s SRP is, appar-
ently, the assertion that in nature, all living 
things are organized in a hierarchical system 
based on a “scale of nature” which begins 
with the “inferior” organisms and ends up 
with the human species. Invertebrates, such 
as worms, mollusks, crustaceans and insects, 
occupy the lowest rungs. As complexity in-
creases, fish, amphibians and reptiles, birds, 
mammals and, lastly, human beings follow.

The protective belt is composed of many 
supplementary hypotheses: several of which 
refer to all animal species and others to a spe-
cific group. Among the supplementary hy-
potheses of the Aristotelian SRP, a small set 
that refers to helminths stands out. The first 
supplementary hypothesis is morphological 
in nature: it states that worms are generally 
apoda, they have soft bodies and lack eyes, 
mouth and skeleton. The second hypothesis, 
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referring to helminths, is of a taxonomic or 
classifying nature and states that there are 
three kinds of helminths: long and flat (beef 
tapeworms), round and short (nematodes) 
and ascarid (which nowadays are known as 
a subgroup within the nematodes). It is yet 
unknown why Aristotle made a distinction 
between ascarids and nematodes. The third 
and last supplementary hypothesis regard-
ing this group of animals has a generative 
nature: it states that worms emerge by spon-
taneous generation from putrefying matter, 
such as rotten meat or decomposed food in 
the intestine.

During the Middle Ages, the Aristotelian 
SRP did not undergo significant modifica-
tions, yet it was slightly expanded by incorpo-
rating some of the latest findings of the time. 
Regarding helminths, trematodes – which 
were apparently unknown to ancient Greek 
and Roman scholars – were discovered in 
1379 by Jean de Brie. Their incorporation 
into Aristotle’s SRP was not controversial, as 
trematodes were regarded simply as a group 
of parasitic worms unknown until then; how-
ever, its incorporation only implied the mod-
ification of the taxonomic supplementary 
hypothesis to include them.

In the 17th century, two competing SRPs 
were developed. Farley(27) remarked that the 
debate in the helminthologist communities 
divided them into two separate groups: “inter-
nalists” and “externalists.” The former group 
held that helminths originated spontaneously 
within the host’s organism. For instance, it 
was believed that beef tapeworms generated 
spontaneously within the intestine as a result 
of maldigestion. William Ramsay,(28) who pro-
posed the term “helminthology” in 1668 to 
characterize the scientific discipline that stud-
ies helminths, supported the internalist the-
ory. Likewise, Francesco Redi,(29) who refuted 
for the first time the hypothesis of the spon-
taneous generation of insects, had an inter-
nalist stance about parasitic worms. Through 
a series of experiments, the author proved 
that maggots and flies swarming around rot-
ten meat do not generate spontaneously but 
emerge from the eggs that progenitor flies de-
posit. Regarding intestinal helminths such 

as beef tapeworms, however, Redi adhered 
to the internalist theory as he believed that 
worms generated spontaneously within the 
intestine. It should be noted that Redi’s ex-
periments were conducted 200 years before 
Pasteur’s experiments that refuted the theory 
of spontaneous generation. As a naturalist, 
Redi suspected that spontaneous generation 
was not the origin of new organisms, at least 
not in the case of insects such as the flies 
commonly observed on rotten meat.

Externalists, on the other hand, refuted 
the hypothesis of spontaneous generation by 
upholding that helminths enter the host from 
the external environment. Edward Tyson(30) 
and Antony van Leeuwenhoek(31) supported 
the externalist theory. Tyson dissected sev-
eral specimens of nematodes and proved that 
they have reproductive organs, which sug-
gested that they reproduce sexually within 
the host’s intestine, after entering from the 
external environment. In turn, Leeuwenhoek 
also remarked that all helminths live in the 
external environment but as miniature beings 
which, he believed, after entering the host in 
whatever way, such as through the airways, 
grow until they become worms that can be 
easily seen with the naked eye.

The distinction made by Farley(27) of these 
two groups of researchers can be interpreted, 
based on Lakatos’ philosophy of science, as 
the difference between two competing SRPs. 
The hard core of the internalist SRP is the asser-
tion that helminths generate spontaneously. 
There is a significant difference in this case 
with the SRP in biology developed by Aris-
totle, which involves all animal species, and 
whose hard core is based on the “scale of na-
ture.” In regards to helminths, the protective 
belt includes a small group of supplementary 
hypotheses in which the spontaneous gen-
eration hypothesis can be found. In the in-
ternalist SRP, on the contrary, spontaneous 
generation is no longer a supplementary hy-
pothesis of the protective belt but is now part 
of the SRP’s hard core. The protective belt is 
composed of a considerable number of sup-
plementary hypotheses which are described 
in detail and extensively in William Ramsay’s 
work. In his book entitled Elminthologia, 
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Ramsay provides a series of hypotheses to ex-
plain how the diverse humoral imbalances, 
in addition to the type of food ingested, the 
host’s “good” or “bad” digestion and even 
the influence of climatic factors, such as heat 
and cold, may generate different kinds of hel-
minths. All these and many other factors had 
been very useful for the internalist SRP to pro-
vide an explanation regarding the sponta-
neous generation of helminths.

The hard core of the externalist SRP is the 
assertion that helminths enter the host from 
the external environment. The protective 
belt is composed of several supplementary 
hypotheses that mention the possible entry 
routes for helminths, such as through the air-
ways, water and food; and even the pores of 
the skin could be a way of accessing the host, 
if it is considered, as Leeuwenhoek did, that 
the size of helminths in the external environ-
ment is microscopic.

The discrepancies between these two 
SRPs continued until the second half of the 
19th century, when Friedrich Küchenmeister 
conducted his famous but also controversial 
experiment consisting in the administration 
of cestode larvae (specifically Taenia solium 
cysterca) to a group of death row inmates. Af-
ter the prisoners were executed, Küchenmeis-
ter dissected their corpses and found adult 
cestodes inside. Despite the flood of ethical 
controversies raised because of his experi-
ment, the results obtained were considered 
a definite refutation of the thesis of the spon-
taneous generation of helminths. However, 
the interpretation of these results did not oc-
cur immediately but took several years to be 
widely accepted.

The controversial considerations in Laka-
tos’ philosophy of science regarding this type 
of “crucial experiments” encourage certain 
reflections on the subject. Lakatos states that 
“crucial experiments” will never be immedi-
ately interpreted as such in the historical mo-
ment in which they are conducted but it will 
take several years before it is acknowledged 
as “crucial” by the historians who reconstruct 
the most important moments of the scien-
tific discipline that they study. If that were the 
case, Küchenmeister’s experiments would 

not have been recognized as crucial until 
long after of being conducted, although this 
fact may be debatable. It can be stated, how-
ever and avoiding further deliberation, that 
by accepting this theory, the flood of ethical 
controversies raised as a result of the exper-
iments conducted by Küchenmeister would 
indicate that the internalist SRP was still sup-
ported by a group of helminthologists. 

This is not an attempt to suggest that the 
analyzed example refutes Lakatos’ concep-
tion, but rather the opposite. In fact, Küchen-
meister’s case supports Lakatos’ approach, 
precisely because various helminthologists 
continued to adhere to the internalist SRP. 
Küchenmeister did not conduct an “isolated 
crucial experiment,” but his work helped the 
externalist SRP to consolidate. This consoli-
dation was not exclusively a matter of time, 
as the externalist SRP could increase its em-
pirical foundations by proving that T. solium 
entered the host from the external environ-
ment. From a historiographic perspective, it 
can be stated that this became a flaw for the 
internalist SRP. 

If Lakatos’ thesis regarding crucial ex-
periments was correct, this would mean that 
it was not until the 20th century that the as-
sessment of Küchenmeister’s experiment was 
finally known. Nevertheless, it should be de-
termined whether such assessment was con-
ducted within an externalist SRP, which 
would probably remain valid to this day, 
or within the context of a new and different 
SRP. A new research should be conducted 
to provide a proper answer to that question. 
Nonetheless, it can be concluded, at least as 
a historiographical hypothesis, that no new 
SRPs were developed in the 20th century and 
that the externalist SRP developed in the Mod-
ern Age was expanded and refined instead. 
Apparently, the hard core was kept intact but 
significant changes were made to its protec-
tive belt of supplementary hypotheses. First, 
it is believed that the supplementary hypoth-
esis that helminths can enter the host through 
the airways was dismissed. Moreover, the hy-
pothesis that helminths are present in the ex-
ternal environment as miniature beings was 
also dismissed. Rather, the elucidation of the 
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biological cycle of cestodes, trematodes and 
nematodes in the 19th century and the early 
20th century might have helped replace the 
hypothesis of “miniature helminths” with an-
other hypothesis based on a complete de-
scription of the successive larval stages of 
their life cycles.

CONCLUSION

Lakatos’ methodology is useful for rationally 
reconstructing the history of helminthology 
based on the identification of consecutive 
SRPs. Nevertheless, it is necessary to mod-
ify his theory. It seems more logical to state 
that the first SRPs of biology were inaugu-
rated by Aristotle rather than by Darwin and 
Mendel in the 19th century. The protective 
belt of Aristotle’s SRP is composed of many 
supplementary hypotheses referring to all an-
imal species but it is believed that it also con-
tains a small set of hypotheses referring to 
helminths. The supplementary hypothesis re-
ferring to the spontaneous generation of hel-
minths should be highlighted.

The distinction between “internalist” and 
“externalist” helminthologists proposed by 
Farley during the Modern Age can be inter-
preted as the difference between two com-
peting SRPs. It has been already mentioned in 
this article that the internalist SRP differs from 
Aristotle’s SRP in that the theory of sponta-
neous generation is no longer a supplemen-
tary hypothesis of the protective belt of the 

former SRP, but is the hard core of a new SRP 
specifically related to helminthology and not 
to biology or zoology in general. 

Finally, Lakatos’ theory regarding crucial 
experiments encourages reflection on the sig-
nificance of the experiments conducted by 
Küchenmeister in the second half of the 19th 
century. If Lakatos’ theory was correct, then 
Küchenmeister would not have delivered the 
final blow to the internalist SRP and it would 
have been active for some time. This would 
also explain why several helminthologists 
continued to support the explanation based 
on the spontaneous generation theory at that 
time. In other words, while the externalist 
SRP was consolidated as a result of Küchen-
meister’s works by increasing its empirical 
foundations, the internalist SRP struggled to 
explain the success of its rival. 

In this article, only the general aspects of 
the history of helminthology based on Laka-
tos’ philosophy of science have been cov-
ered. For future studies, it will be necessary 
to conduct a deeper analysis and to provide 
detailed information about the various as-
pects of this rational reconstruction. This will 
require, for instance, to analyze the impact 
of Linnaeus’ taxonomy on the helminthol-
ogy of the 18th century, the influence of La-
marck and Darwin on helminthology during 
the 19th century and which aspects of the 
synthetic theory of evolution, genetics, ecol-
ogy and molecular biology, among other dis-
ciplines, influenced the body of knowledge 
of helminthology throughout the 20th cen-
tury and the early 21th century.
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