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RESUMO

QUANDO A ECOLOGIA E A FILOSOFIA SE ENCONTRAM:

CONSTRUINDO EXPLICACOES E XALI ANDO COMPREENSOES NA PRTICA
CIENTIFICA

A filosofia da ciéncia em pratic@kilosophy of Science in PracticBoSP) tem a préatica
cientifica como objeto de estudo. Poré&ia ndo possui uma metodologia geral ou especifica
que vise atingir seus objetivosEm vez de se ater a um unico protocolo, PoSiP tem a
vantagem de utilizar diversa®njuntosde aplicacdes oriured de diferentes areas. Esta tese

tem como ponto de partida uma pesquisa colaborativa e interdisciplinar entre dois
doutorandos provenientes de campos distintos: ecologia e filosofia. Essa colaboracdo mostra
como um cientista pode se beneficiar da filosdéieciéncigno estudo de caso dessa tese, da
abordagem filoséfica deexplicacdo mecanistica) para construir um modelo de seu
explanadum via processo heuristico(heuristica enquanto instrumente abordagem
metodoldgia). Mas também permite que a filosofia @iéncia se aproxime da pratica
cientifica parainvesticar como as explicacdes sédo construidas e como a compreensao
cientifica é atingida nesta tese, em dialogoom a teoria contextual da compreenséo
cientifica). Como resultadodesse trabalhcé defendid que (i) a explicacdo mecanistica é
limitada mas pode trabalhar como instrumento epistémico mediador entre teorias, dados,
cientista e modelo(ii)) a construcdo de explicacbes e a compreensédo cientifica dependem
fortemente de um processo intuitiv@ii) a compreensao cientifica &m momento, é
transiente um acontecimento temporario e seu processo podeerem niveis gradativos,

(iv) a filosofia da ciéncia, por meioedum processo heuristicggode aumenta as virtudes
epistémicas do cientista atravédo aumento de suas habilidadezadémicas via
autorreflexdo. Essa pesquisa mostra que trabalhos colaboratieadisciplinares podem

atua, através de heuristicas, como uma caixa de ferramentas para a PoSiP atingir seu objetivo
de entender como a ciéacé feita. Apesar de seu sucesso, uma andlise dessa pratica
colaborativdeva a alguns questionamentos fundamentais. Primeiro, a filosofia da ciéncia em
pratica € uma filosofia de uma pratica cientifica preténéamedida em qua maioria dos
exemplos ulizados pela PoSiP convencional oriunda de produtos finais da ciéncia.
Segundo, seria filosofia da [ciéncia em prética] ou filosofia da ciéncia [em préatica]? Como
praticar a filosofia da pratica cientifica e como praticar interdisciplinaridade nafifil@so
ciéncia em pratica simultaneamente a atividade cientifica? Esta pesquisa expbde o papel
epistémico das heuristicagda interdisciplinaridadeomo instrumentos metodoldgicpara a
filosofia da ciéncia em pratic& defendido que outras formas destaungdo d ciéncia seriam
através de diferentes dindmicam®mo redes colaborativas e pesquisas interdisciplinares,
contribuindo para a visdo deading zonegle Peter Galisqronde disciplinas especializadas
criam pontes para trocas de conhecimento enrdao.

Palavras-chave: Explicagcdo mecanistic€ompreensao cientificeleuristicas
InterdisciplinaridadeFilosofia da cénciaem pratica



ABSTRACT

WHEN ECOLOGY AND PHILOSOPHY MEET:

CONSTRUCTING EXPLANATION AND ASSESSING UNDERSTANDING IN SCIENTIEI
PRACTICE

Philosophy of Science in Practice (PoSiP) has filiactice of scienceas its object of
research. Notwithstanding, it does not possestsany general or specific methodology in
order to achieve its goal. Instead of sticking to one protoo&jAPtakes advantage of a set of
approaches from different fields. This thesis takes as starting point a collaborative and
interdisciplinary research between two Ph.D. students from distinct areas: ecology and
philosoply. This collaboration showed how aiesatist could benefit from philosophy of
science i this case study the philosophical approach roéchanistic explanation) to
construct a model of hisxplanandumby means of heurisscapproach(heuristics as an
instrument but also a methodological eggch)and, also allowed philosophy of science take

a closer look into the scientific practice ittvestigatehow explanations are constructed and
how scientific understanding is achieved this thesis, with a dialogue witihhe contextual
theory of scietific understanding). As a result, it is asserted that (i) mechanistic explanation
possess limitations buhay work as epistemidgnstrumens that mediaes between theories,

data, scientists and mode(8) explanation constructioand scientific understamg deeply

relies onintuition; (iii) scientific understandings an instant, a momenta temporary
achievement, and its process nieppens in degrees; (iv) philosophy of science, by means of
heuristis processmayenhances c i e repistemit @riiesimproving hisacademicskills,

by means of selévaluation. This research shasthat interdisciplinarity and collaborative
work can act, through heuristics, as a toolbox for PoSiP to achieve its goal of understanding
how science isnade. Despite its suess, amanalysis of thiscollaborativepractice leads to
some fundamental issues. First, philosophy of science in practice is a philosophy of past
practice,in that the majority of examples used by mainstream Pa®iRefrom the final
products of sciencé&econd, is it philosophy of [science in practice] or philosophy of science
[in practice]? How to practice philosophy of scientific practice and, how to practice
interdisciplinarity in the philosophy of scientific practices simultaneously to its daenti
activity? This researchxposes the epistemic role heuristesl interdisciplinarity possess as
methodologicatoolboxesfor philosophy of science in practick is defended that other ways

of constructing sciences would be through different dynamids asicollaborative networks

and interdisciplinarity research contributing to the vision of Trading Zones from Peter
Galison in which bridges between specialized disciplines are created in order to exchange
knowledge and information.

Keywords: mechanistic explanation. Scientific understanding.Heuristics appraisal.
Interdisciplinarity. Philosophy of science in practice.



OVERZICHT

WANNEER ECOLOGIE EN FILOSOFIE ONTMOETEN:
SAMENSTELLING EN TOETSING VAN BEGRIP IN WETENSCHAPPELIJKE PRAKTIJK

Filosofie van we&enschap in de praktijPhilosophy of sience in practicePoSiP) heeft de
praktijk van de wetenschap als object van onderzoek. Desalniettemin bezit het geen algemene
of specifieke methodologie om zijn doel te bereiken. In plaats van vast te houdemaan éé
protocol, maakt PoSiP gebruik van een reeks benaderingen uit verschillende velden. Dit
proefschrift neemt als uitgangspunt een gezamenlijk en interdisciplinair onderzoek tussen
twee Ph.D. studenten uit verschillende gebieden: ecologie en filosofie.sBemnwerking

liet zien hoe een wetenschapper kan profiteren van de wbtgsilosofie iz
mechanistische verklaring) om eerplanandunmmodel van zijn uitleg te construeren, door
middel van een heuristische benaderindreruristieken als een instrumiemaar ook als een
methodologische benadering) ook toegestaan, de wetenschapsfilosofie om de
wetenschappelijke praktijk nader te bekijken om te onthullen hoe uitleg wordt geconstrueerd
en hoe wetenschappelijk begrip wordt bereikt (in vergelijking metodéextuele theorie van
wetenschappelijk begrip). Dientengevolge wordt beweerd dat (i) de mechanistische verklaring
heeft beperkingen, maar kan werkais epistemische instrumenten die bemiddelen tussen
theorieén, data, wetenschappers readellen; (ii) uiteg constructieen wetenschappelijk
begrip vertrowt diep op intuitigiii) wetenschappelijknzicht is een moment, een tijdelijke
prestatie en het proces kan in graden plaastsvindénwetenschapsfilosofie, door middel

van heuristisch procesan de ejstemischedeugdenvan wetenschappers verbeterenn
academischgaardighedewerbeterendoor middel van zelfevaluatie. In dit onderzoek laat ik
zien dat interdisciplinariteit en collaboratief werk via heuristiek kan werken als een
gereedschapskist vo®0SiP om zijn doel te bereiken om te begrijpen hoe wetenschap wordt
gemaakt. Ondanks het succes leidt een +aetdyse van deze praktijk tot enkele
fundamentele problemen. Ten eerste is de wetenschapsfilosofie in de praktijk een filosofie
van de praktijkuit het verleden, bijvoorbeeld de meerderheid van de voorbeelden die worden
gebruikt door de reguliere PoSiP komt van de eindproducten van de wetenschap. Ten tweede,
is het filosofie van [wetenschap in de praktijk] of wetenschapsfilosofie [in de praktg?
filosofie van de wetenschappelijke praktijk te beoefenen en hoe interdisciplinariteit in de
filosofie van wetenschappelijke praktijken tegelijk met zijn wetenschappelijke activiteit te
oefenen? Dit onderzodkgt deepistemische rol van heuristieh interdisciplinariteit bloot

als methodologische toolboxes voor wetenschapsfilosofie in de pralijkvordt verdedigd

dat andere manieren om wetenschap te construeren door verschillende dynamieken kunnen
zijn, zoals samenwerkingsnetwerken en interdigtapiteitsonderzoek die bijdragen aan de
visie vanhandelszones van Peter Galisamarin bruggen tussen gespecialiseerde disciplines
worden gecreérd om kennis en informatie uit te wisselen.

Trefwoorden: mechanistische verklaringVetenschappelijk begripieuristische benadering
Interdisciplinariteit Filosofie van wetenschap in de praktijk.
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PREFACE

Before we dive into the traditional reading of this academic thesis, let me firgptethe
story of how this project came to life aptbgressed.

This thesis started in 2014 with the idea of exploring applicationof mechanistic
explanationas a source of contributions to scientific practibef the concept of such
investigation dtes back to a few years ago, during 26814, with theprojectiintegrating
Levels of Organization into Predictive Ecological Models: contributions from epistemology,
modeling and empirical reseatcfiNOMEP), funded by the Brazilian Program of Support of
Nuclei of Excellence (PRONEX)'heINOMEP/PRONEX projectvas already working with
issues related tine prescriptive and descriptive nature of philosophy of science. One target of
such appraisal was whether philosophy of science, in order to possessitity af its own,
needed to be prescriptve,nd whet her such prescription ¢
descriptions of their own constructi this sense, prescriptions could be mirroned
heuristics® By that time,we considereche new mechanist philosophy of sciencas a
possible field for developing a study on this kind of prescription, given its elucidation of how
phenomenaare oftendescrited and explaied in biology and several other areas. The
conjecture for INOMEP/PRONEX badkenwas toderive heuristicfor ecologcal research
according to themodus operandiof this new mechanistiditerature that could have a
prescriptive powerThis was the root of this thesis project.

By the time this project started, mechanistic explanation wag tagiplied mainly to
create models in biochemistry, nesc@nce physics and sociological fields. Despite a few
prominent discussions i n(viz SCEHOENER 19&)nymore f t h
contemporaryecological sciencghere are no strong dis@sions on how this type of
explanation could be used. So, the question that emergeavihaisif we could derive lessons
from the (relatively) recent literature on mechanistic explanations in biology to create models
of ecological phenomena? Well, it is novelty that biology and ecology, in a sort of love and
hate situation, have been using mechanisms to explain phenomena for centuries. The
difference at that pointwas t wof ol d. Fi r st , Sciartific explan&ianl mo n

and the causal struste of the worlda n d Becht el & Riiscolleang d s o n .

! The word heuristis in this thesis will possessthrdé st i nct meani ngswillcofddreaur i st i cs
methodological approach,h e ur i st i ¢ sstoslmx (feuristicslas toots will e two functions:
instruments and displays, and 6éheuristics processd will concern
al t og(seedeatind®Wh at i s this th)ing called heuristics?



complexity mechanistic explanation had no ontological commitments with the philosophical
and scientific tradition of mechanism any longer, bemdglressed byhe new mechanistic
philosophy of sence. And second, mechanistiodel building, both in biology and ecology,
until so far did not possess a theoretical framework that was strictly concerned with (the how
to of) mechanisnabuilding.

So, my thesis had a goal and also a justification. Buthvieicological phenomena
should be target?? As a philosophy of science in practice research it was obviously needed to
bind this project to a scientific practice in ecology. The solution came with the previous
INOMEP/PRONEX, later improved ttne INCT IN-TREE program. This thesis is embedded
thus, within the National Institute of Science and Technology in Interdisciplinary and
Transdisciplinary Studies in Ecology and EvolutitdGT IN-TREE). The INCT INTREE is
a research network coordinated by CharbéloNEFHani, funded by the Brazilian National
Research Council of Scientific and Technological Research (CNPgq)then@razilian
Coordination for the Improvement of Higher Education Personnel (CAPES), and aims to
develop projects in ecology and evolution am interdisciplinary and transdisciplinary
approach, involving mathematical, computational, and statistical modeling; epistemological
and ethical studies; models for interaction with society; strategic communication; and
technological development. This ggram includes300 researchers and collaborators
pertaining to 49 labs in 11 Brazilian universities and 35 universities and institutes all over the
world. Facing the amount of ecological projects within INCTTIREE, how to choose one to
work with? Well, tvo criteria needed to be contemplated for this selection. First, since
mechanistic explanation was very much embedded in philosophical debates, the scientist
going to collaborate with my thesis must be interested in incorporating aspects from
philosophy ofscience intheir research. Second, the timing of the joint research must fit into
the schedule of both investigators in such a way that they might walk together without
consequential delays. Fulfilling these expectations was the scientist (ecologisbdelknn
Jeferson Gabriel da Encarnagdo Coutinho, a Ph.D. candidate in Ecology (supervised by prof.
Dra. Blandina Felipe Viana) from the Bees Biology and Ecology Laboratory, also at Federal
University of Bahia (UFBA), engaged in research concerning pdlinas 6 dynami ¢
agricultural systems.

As you may perceive already, this research concerns a collaboration between two Ph.D.
students, from distinct Ph.D. programs, with different thesis projects with distinct purposes.
My main goal at that time was to iestigate the contributions of philosophy of science to the

scientific practice of model buil ding. One



mod el of pollinatords dynamics I n agricul
management policie$hus, to construct a model was the goal in common.

At this point my thesis had favhab, afwhyo, | have chosen @wvhicho but what about
the fhowo? Since this was a collaborative research project, we established that this
investigation would happen thradugnonthly meetings for a year. Thus during 20%4 we
gathered together to discuss philosophical and ecological literature in order to create
heuristics that could guide him in the construction of a mechanistic model. Two things are
very important to haven mind. One, that we have constructed the heuristics together but the
ecologist was the only one to apply the heuristics in scientific practice. Second, that Coutinho
applied the heuristics while their idea was still being conceived, so their constraatio
application happened concomitantly. It took us around a yeasnplet the heuristics set.

By the end of 2015, we already had the impression that the mechanistic explanation would not
succeed in explaining the phenomenon of interest, becauseiofrthgic features of complex
ecological systems.

NeverthelessCoutinho continued to apply the heuristics and, by the year 2016, he
realized that the mechanistic explanation was actually working to explain his ecological
phenomenon. Therefore, a mechaaismodel was successfully created and the philosophical
literature, in his words, not only helped him develop his explanation but also helped him
achieve a better understanding, by means of improving his technical skills. By the next year of
this enterpse, 2017, the scientist at some point of his investigations realized that the
mechanistic model was no longer necessary. He discarded the model and created a theoretical
framework that he refers to d@anificationisb. At the end of our collaboration thigas his
product.

What | want tarevealby telling this story is that my thesis, as a philosophy of science in
practice investigation, started with a simple question. | wanted to know if mechanistic
explanation, by means of heuristic pro@sssould helpa scientist to create a model during
his scientific practice. It was @iyes or n@ answer conditioned to model building. | was
considering only the scientistbés <creation
Notwithstanding, | realized throughbthis research that this product changed along the
scientistodés inquiry. These modifications me
that led to these replacements. What happened in his scientific process? To answer these
guestions | needed to lkcat the scientific practice as a process instead of the scientific
practice as a final product. In this sense, as the heuristics set served as an instrument for

model building, | needed to disclosure its application. What | had not realgdhenwas



that the reconstruction of scientific practice would be a puzzle with many missing pieces,
sometimes because of methodological aspects inherent in collaborative/interdisciplinary
research and sometimes because of the scientific process itself.

The real chllenge of my thesis was not so clear at the beginning of this enterprise. It
became clean and clear only in 2018 when | presented a draft of this thesi®hidephy
of Science and Technolog¥*WT) group, atVrije Universiteit Amsterdamand at the
Workshop in Scientific Explanation and Scientific UnderstandagGhent. Both events
happened during my internship process in the Netherlands, dhibhersiteit van Amsterdam,
supervised by Dr. Federica Rusand funded by the Interuniversity Doctorat&cBange
Program (PDSE/CAPESAfter these conferences | realized that the main challenge of this
research was how to practice philosophy of science in practice and how to deal with a
philosophy of science that is interdisciplinary in its own practice.ngasuch a thrilling
enterprise, | might say by now that this thesis is an attempt to make sense and reconstruct the
path of this maze called the philosomiiand scientific practice of knowledge construction.
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INTRODUCTION

Traditional philosophy of sence (PoS) has aimed at an account of scientific knowledge in
terms of a tweway relationship between world and knowledge (BOON 201%g bng
tradition of philosophical literature about the nature of scientific explanation helps to reveal
crucial featues of explanation across the sciences (CRAVER 2@¥4pite of it, much work

in the philosophy of science continues almost isolated from scientific prgoticese
(ANKENY et al.2011).

Philosophy of Science in Practice (PoSiP), besides other things, atiman
epistemology of scientific practices that addresses questions such as: how is the construction
of knowledge for epistemic uses possible? It aims at an understanding of science that avoids
the belief that the objectivity of knowledge can be warrafbtg@dn account of knowledge
justification that eliminates the role of scientists, but that also avoids a mere psychological
and sociological interpretation of scientis

The Society for Philosoghof Science in Practice (SPS8®® f i nes t he term
organized or regulated activities that aim to achieve certain goals. Thus, any investigation of
practices should elucidate what kind of activities are associatedheitiand required for the
generation of knowledge & given domain. In this sense, PoSiP has the practice of science as
its object of research. Notwithstanding, it does not possess any general protocol or any
specific methodology to apply in order to achieve its goal. The instruments used to assess this
scientific practice come from history, psychology, technology, sociology and so on, for
instance, historical philosophy of science, sociologgaéntific knowledge (SSK)cience
technologyandsociety (STS)tudies(BOON 2017) The lack ofa general methodologat
approactdoes not characterize PoSiP as more or less validaddsementioned instruments,
with their interdisciplinarynature constitutea toolbox to achieve the goal of understanding
how science is made. Thus, the absencen@xalusivemethodologytransforns itself into a
multitude of opportunities. Instead of sticking to one protocol, PoSiP takes advantage of a set
or family of approaches from different fieldBlow, the challenge is to map howese
methodologicaprocesssmight happen in such cornucopia of possibilities.

Despite thismmountand diversityof strategieswhat isexactlyat stake irphilosophy of
science in practicand how is it addressed? Is it philosophy of [science in practice] or
philosophy of science [in practice]? Is theilpsophy of science studying the scientific

practice? Or is philosophy of sciencenly being & practice when dealing with
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interdisciplinarity?How to practice philosophy of scientific practices; and how to practice
interdisciplinarity in the philosophy aitientific practices in a way that is simultaneouth®
scientific activityitself?De s pi t e being referred to as o0re
w o r ,IPdS@Pis often a philosophy of science of past practice. The majoritlyecxamples
usedin the most recurrendlebatescome fron the final products of sciende.g, models,
principles,etc, even when regarding explanation construci@md scientific understandipng
Thereforethe scientific practices responsible for the elaboration of tieleproducts argn

the vast majoritynparratives reconstructed usually from historagesin contrast, this thesis
represents a differemtpproach tdPoSiP becausi intends toshow, tliough a case study in
ecology, how philosophy of science iraptice can walk hand to hand with ongoing scientific
practicé.

In order to tackle sucla quest,this thesis reflects mainterdisciplinarywork in the
philosophy of science in practick.will be exhibited, brough a case study in ecolodngw a
scientist can benefit from PoS (in a case study focused anechanistic explanation) to
construct a model of hisxplanadum This was only possible because of the effort of a
collaborative research between two Ph.D. students from distinct areas of knowledge: ecology
and philosophyThis collaboration also allowed a closer look into the scientific practice in
order to disclose how explanations in science are constructed hamd scientific
understanding is achievednlighteningthus how a philosophy of science in pt@e can

benefit froma partnershipwvith science

Lights, camera, action! The starting point

It is well known that explanations in biology oftasemechanisms to providenderstanding

of living phenomena. Ecologists, for instance, use mechanisms yotootkerive descriptive
explanations of ecological systems but also to derive predictive models of those same
systems. Notwithstanding, these mechanisms for long have been constructed with no solid
framework concerning strategies of modeling and mechanisomstructio ®. So, if
mechanisms are used to provide understanding, how can understanding exist when there is no
cogent framework to enable it? Furthermore, acknowledging that ecology shares principles
and methods with many other disciplines, how is &ti@bility of these explanatory predictive

2| appreciate Dr. Hans Raddesuggestions for this topic, madethe FWT meetings at VU.

% |s important to notice that mechanisms and models in biology and ecology are constructed mainly on the
theoretical lasis of a particular field, but not with regard to a theoretical framework dedijzedicaly to
elucidate the construction of such representations.
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models achieved when the framework, needed to parameterizes those data at the construction
of such mechanisms and models, is absent? And, how does the scientist understand the
explanation and model he or she isstoucting?

For over a few decades studies in giglosophyof science, especially those dealing
with scientific explanations, have dedicated attention to understand how mechanisms and
explanations are relatel in science. These studies were concerned waittiological,
conceptual, causal, methodological and practical aspects of mechanisms and models, framing
what became known as the new mechanistic philosophy of science. They engendered an
attempt to construct a theoretical framework for mechanistic expmlarthat yielded a robust
background for the construction of theoretical models involvireghanismsEven though
this theoretical framework is stilunder construction (being revisited with incredible
quickness) it has been successfully apptedeverd areas of research. Unfortunately, the
attempts to apply such knowledge to ecology are stifl. shy

Is it possible for these two areas, philosophy and ecolmggstablish a dialogue to
attempt to fill the gaps in the explanation and understanding afgical systems? This was
the leitmotif: canrmechanistic explanation, by means of heusgtiocesshe used to explain
ecological phenomena? Can heuristics help create explicative models in ecology, while in the
making? Assuming that it would, how coulds happen?

To answer these fundamental questions it was essentiahteégrate theoretical
knowledge from both fields: ecology and philosophy of science. But how? AlwD.
students (one from HPS and another from Ecology) created heuristics to guide the
development ofin explanatorynodel ofa specific ecological phenomendrhese heuristics
were elaborated based on ecological theories and ophif@sophyof mechanism. This
communicative bridge wasnly possible du¢o mutual collaborative research beemeboth
P h . Dwhicls also granted this thesis an interdisciplinary nature. As a result of this
enterprise,it is possible to assert that mechanistic explanation was able to explain the
ecological phenomenon at stake by means of providing an explicadskel of the ecological
system underlying it. Even though in a later moment this mechanistic model was discarded by
the modeler in order to create a conceptual framework he deefmsiéisationisp, it is
defended here that mechanistic explanation helpsdramework development by means of

a heuristic toolbox.

* Such assumption comes from the survey madkexhechanistic literature (more detailstire sectionon
methodological features).
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Thus, the first question that drove this thesis was answered, but what about the other
ones: does this theoretical model satisfy the major features expected of an ecological
explanation? If a prediive model was built, based on the heuristics, is it reliable and
intelligible? In other words, how did mechanistic explanation (from which the heuristics have
been derived, as instruments) help to explain and understand ecological phenomena? And
how wasthe understanding achieved by the scientist? To answer these questions, | deemed
necessary to take a deeper look at a major contemporary theory that deals with scientific
understanding, the Contextual Theory of Scientific Understanding (CTSU), and zdben in
process that led to the model construction. This process occurred in two distinct moments: the
heuristics construction and the heuristics application. When lookingdi#okse moments it
is possible to assert thttese heuristicserved as instrumé&ntoward the modedlaboraion
and, according to the conceptual tools of the contextual theory of scientific understanding,
theyworkedasdisplays to assess the scientific understanding of the modeler.

An important concern comes to life after the attermptanswering these questions.
Ecology can indeed profit from philosophy of science by means of mechanistic explanation
and model building via heuristic process. But how can philosophy of science benefit from
ecology? To answer this question, it is neededunravel the interdisciplinary and
collaborative work as well as be attentive to the main pragmatic aspects of philosophy of
science in practice. Such investigations will be addressed in the next chapters.

Methodological features

As a theoretical prog, a philosophy of science in practice (PoSiP) research with an
interdisciplinary and collaborative component, it is not an easy task to talk about
methodological featuresAn attempt will be made in order to make these features more
comprehensible fromhe beginning.

In philosophy of science in practiceis a common exercise to talk about muénd
interdisciplinarity but these discussions in ecological research are still apprehensive with no
consensus on its terminology (TRESS, TRESS & FRY 20@4)ious section showed that
for this research to achieve its goals it needed to be interdisciplinary and collaborative. The
idea of interdisciplinarity adopted in this thesis comes from the distinction betweer, multi
inter- andtransdisciplinarity proposedyliTress, Tress & Fry (2004T &ble A). Therefore, the
majority ofthediscussions regarding interdisciplinarity in this thesis will gravitate around this

definition, thepartnership and the heuristics setided from this collaboten.
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A first aim of thisinterdisciplinaritywas to answer if mechanistic explanation could be
applied to ecology by means of heuristiprocess. For that it was necessary to bind
knowledge from both fields: philosophy and ecology. This was reflectedpartaership
between me, a Ph.D. student htistory, Philosophy and Science Teaching, and Jeferson
Gabriel da Encarnacdo Coutinho, a Ph.D. student in Ecology, both thienfrederal
University of Bahia (UFBa), Brazil. We gathered together to discuss tbetlite on
philosophy of mechanisms and theories in ecology, in order to derive a set of heuristics that
would guide model building. Thus, two things musturambiguoushow these meetings

happened and how was the heuristics set elaborated.

Table A: ovewiew of proposed dinitions of research concepts

Disciplinarity Takes place within the boundaries of currently recognized academic disciplines,
fully appreciating the artificial nature of these bounds and the fact that they are
dynamic. The reseah activity is oriented towards one specific goal, looking for an
answer to a specific question.

Multidisciplinarity | Involves different academic disciplines that relate to a shared goal, but with mult
disciplinary objectives. Participants exchangewdaalge, but they do not aim to crog
subject boundaries in order to create new integrative knowledge and theory. The
research process progresses as parallel disciplinary efforts without integration.

Interdisciplinarity | Involves several unrelated academisciplines in a way that forces them to cross
subject boundaries. The concerned disciplines integrate disciplinary knowledge i
order to create new knowledge and theory and achieve a common research goal
fiunrelate@ meansherethat they have contrastimgsearch paradigms.

Transdisciplinarity | Involves academic researchers from different unrelated discg@seell as non
academic participants, such as land managers,-gsaups and the general public, tg
create new knowledge and theory and reseapdmanon question. Transdisciplinari
combines interdisciplinarity with a participatory approach.

SourceTress, Tress & Fry&004:488.

These meetings, all of theneaorded, occurred during a year with montly meetings
During thatyear we discussed theork inthe new mechanistichilosophy ofsciencé and the
main theories in ecology relevant to Coutil
the features of mechanistic explanation is its specificity in relation to mechphsmomena.

Therebre, the process of heuristics conception and heuristics set definition was mostly based

®We surveyed the literature on the new mechanistic philosophy of sciencethisswmbinations okeywords
mechaMDexplcanat i oAND meclinhidicANDreixeps anat i o AND efklpd warniag ti iom
causAbNDs diyence o, ARDweexcphlaann astm o n &ND efpraeatondND b iso i cgy 0 and
e n t ORtadtietissORp h e n o mia theoptatiorms Web of Science and Scopus. The artices the
cological Il iterature wer esdisdetason. al ready being used

D St St
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on the literature that already existedhe mechanistic literature, but adapted according to the
features otheecological phenomenon at stake.

After that year,more sporadic meetings were realized personally or virtually. Questions
were also elaborated, whenever needed, in order to fulfill some information gap.

The dynamics of heuristics construction and application is illustratefigare la.
During the discussions of the literaturethe meetings, we elaborated together the general
conception of each heuristics and the heuristics set. Concomitantly with this elaboration
Coutinho was already applying the heuristics to model the ecolgafiealbomenon. Whenever
the heuristics were applied this worked as feedback for their improvement. Thus, the
heuristics influenced the scientistds prac
heuristics. It is important to highlight that the stmiction of the heuristics general conception
was a coll abor at i v es. Ve ealaborahoa of the thaoreticad ftamewerk . D .
for each heuristic was realized by me and the whole process of applying them to the
ecologicalphenomenonvas thesole and impressive effort made by Coutinho

What is this thing called heuristics?

There exists a multitude of wayswhicht he t erm &édheuri sticsd |
different areas of knowledge. loognitive psychology, for instangeheuristicsis mosty
described as efficient cognitive processleat help the subject malguick decisions and
judgments (TODD & GIGERENZER 2000; GIGERENZER & GAISSMAER 2011,
BOBADILLA -SUAREZ & LOVE 201§. For statistics heuristics is a simple algorithm that
turns a vecto data set inta similarity graph that is not guaranteed to produce an optimal
solution (COFFIN & SALTZMAN 2000).In the legal field, heuristics are used as general
principles that help proceed iman environment that is fundamentally uncertain or
charactezed by some degree of complexity (GIGERENZER & ENGEL 20D@spitethese
different approacheshis thesis doesat aim atsomehow integrating thenbut instead
focuses on what tkee meani ngs ascr i be dhaveio comnoa: the e r m
potental of solving problems.In this investigation heurstics will possess a thregay
meaning: Oheuristics setod, Oh(Bigureib)sti cs appr

The first one, heuristics set, will be the heuristics tooltwobe used in this enquiry. Its
utilization is twofold. In a first moment, it will serve as an instrument that will guide the

scientistbés actions for model buil ding. Ano
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serve as a display that will aw the philosopher to assess how the scientist created his
explanation and achieved understanding oeRganandum

Figure I. (a) Diagran illustrating the dynamics involvingoth Ph.D.
students(b) Diagram flow illustrating the relation betweehe different
usesfor the termdeuristic®in this research.

@)

ECOLOGY
(Coutinho, J.)
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(Poliseli, L.)

HEURISTICS SET
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v h 4

T:EE%F;'ES;‘E;L ““““““ ™ HEURISTICS
4— ——————————
ERAMEWORK APPLICATION
(b)
HEURISTICS
PROCESS
HEURISTICS HEURISTICS

APPRAISAL SET

AN AN

Source: elaborated by thathor.

The second ondheuristics as appraisahrges the dualityplaced by Nickles (1989),
namelywhether science should occur according to an epistappraisalEA) or a heuristic
appraisalHA). On the one handpetemic appraisatoncernghe standardnethods used by
science and is considered topossessa retrospective featurbecaise it only allows the

scientist to think about opportunities aoding to past result©On the other hand,duristics
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appraisalis forwardlooking and considers research as an ongoing process, opeheto
intrinsic features of a research procesarticulating andaware of theevolving goals
Intermittentutystheswprdceéesved may appear, arl
to both: heuristics set being applied through heuristics approach.

The difference oEA in relation toHA relates to the possibility of facing questions such
as 0 h awthesciencesvalude the promisethe fertility of a scientific result or proposal?
How can scientists, in some cases, be so confident that problems (in the sense of difficulties
yet unresolved) are solvable without substantial alteration of whasssmedas reliable
knowledge? Why move in this direction rather than that? Why in this man(eICKLES
1989176/7. HA is not only identified with original discovery or problem solving but mainly
with theability to deal with adversities and the prospect to trigger new fidldsoblems for
investigation. And this is exactly why H#as chosen for this investigatiogjven the key
role in it of the ability of the scientist to deal with the difficultjeshich is oftentacitin an
ongoing scientific practicee.g, in the constration and application of the heuristics toolbox.

The third and | ast meani ng, Oheuristics

altogether: the act of developing a heuristics set by means of a heuristics appraisal.
Thesis Overview
This thesis is dividd intotwo parts. Each part possesses two chapters. This division was

made according to the main goals in each part and will be presented below.

Following the Introduction there is thesection Understanding Explanation and

Explaining Understanding This section aims to launch the reader into some major

frameworks discussed throughout the thdbiat areof paramount imprtance in PoSiP
discussions, by exposing a brief overview on the historical debates related to scientific
explanation and scientific understandirigven though the mechanistic explanation literature
could also be targeted in this section, | chose to expose its frameweaktinfor an attempt

to make clear the distinct investigations of this thelnerefore Chapter One aims to give a
brief overview about some major notioms whichscientific explanation relies, and hdhey

relate with the Contextual Theory of Scientific Understanding (CTSU). Considerations are
made on how modgbnd heuristics relate wittxplanation and scientific understanding.

Part | i Can Mechanistic Explanation Help Construct Models During Scientific

Practice?The goal is to answer this very same question. To dohspterTwo brings in the

case study in ecologgn which this thesis is based and exposes the final product of this
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investigation.ChapterThreewill present the main discussions pertaininghe mechanistic
literature and hownechanistic explanatiorese used throughout sciences. Considerations are
made at the Preliminary Conclusions regarding the process of model building and explanation
developmenin the case study

Part Il T How is Scientific Understanding Achieved During Scientific Practitiki?

part is intended to applyne Contextual Theory of Scientific Understanding to the case study

in ecology. ChapteFour will zoom inthe scientific practice of model construction and its
relation to scientific understanding. Chaptérve explores how the process of achieving
undersanding happened in the case study and elaborates a model of understanding. The
Preliminary conclusions discuss how the scientific understanding model relates with the
scientific process of model constructiand the contextual theory of scientific undemnsliag

Conclusiond Interdisciplinarity and heuristics as a toolbox for Philosophy of Science

in Practice This partdefend tthat PoSiP can benefit from interidisciplinarity, via heuristics,
as a toolbox to achieve its godlunderstanding how science is madad finish by bringing
attention to some features of collaborative and interdisciplinary work that still need to be
developed in further researches.

A clarification is needed in order to grasp the relation betweerh#sestparts and the
collaboration in the case study. The mutual collaboration between me and Coutinho only took
place in Part | of this research, and that is why is referred in the first person of the plural
(=we). In Part Il howeverthe collaboratiorhad ceased to happen. From this moment | step
out from a position of collaborator and put myself exclusively in a position of philosopher of
science. That is why from Part Il onwards it is used the first person on singular (=I). This will
also avoid furtheconfusions that may happen concerning who is doing the investigation and

what (sometimes who) is being investigated.
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1 FROM SCIENTIFIC EXPLANATION TO SCIENTIFIC UNDERSTANDING

Explaining and understanding natural phenomena are the s o nof sgiéntet(DEEREGT

& DIEKS 2005; BAUMBERGER, BEISBART & BRUM 2017)In early philosophy of
science, miel9th century, thenotion of understanding has routinely been attributed to the
notion of explanation, almost as if they were synorfyfasen inthe second half othe 20"

century, examples can be foundpinilosophical works, such &a | mo n Gis) Sdieftific8 4
Explanaton and the Causal Structure of the World iwe secure scientif
providing scientific explanations; thus our main concern will be with the nature of
explanatio. Thus, the importance of understanding was tacitly acknowledged but its nature
and structure remained unanalyzed (DE REGT 2017:x).

Epistemological investigations, in a broad sense, used to pay attenti@nature and
possibility of knowledgeconceived as justified true belief according tothe classical
definition statedby Socatesin P | at o 6 $heabtetasindiVigna §'ss was the starting
point of contemporary epistemological discussions on vifleie problem of knowledge
Scientific understandingin turn, had onlybecomeattractive to philosophers of science in
recentdecades withquestionssuch as: what is understanding and what kinds of intellectual
achievement does it constitutd?AUMBERGER, BEISBART & BRUM 201Y.

Explanations possess many virtiiefor example, they may elucidate causal relations,
describe underlyinghechanisms, unify phenomena, shed light on the reducibility of a domain
(TROUT 2005). Additionally, explanation does not only matter for its own sake but also
because it may produce understanding. In spite of the massive debate concerning explanations
and understanding in epistemology, the notion of understanding in saijgacitatesaround
two major accounts of scientific explanation: the caunsathanical and the unificationist
theories.

Section 1.1of this chapter introduces theajor theories of scientific explanation and
exposes some examples of how they relate to biological explanations and, in particular,
ecological explanations, besides introducing some instances from our case study of
pollination services in agricultural stems.Section 1.2exposes the contextual theory of
scientific understanding (CTSU) and how it embraces both theories of scientific explanation,

® One of the reasons for such may be found in the etymology of the Greekepisteme™( = o §)Usinee &h
ancient philosophgpistemeéhad the meaning of both knowledge and understanding (BAUMBERGER,
BEISBART & BRUM 2017).
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unificationist and causal mechanical, as conceptual tools for achieving scientific

undestanding.

1.1 Scientific explanations

1.1.1 The causamechanical theory

In the causame c hani c al conception, causality 1is
theory of causality reasons that &wpovsleal pr
the mechanisms by which the world works; [thus] to understand why certain things happen,
we need to see how they are produced by th
perspective, two elements are central: causal interactions and ¢aosabses. Causal
interactions generate and moddgusalstructure and causal processes are the way in which
causal i nfluences ar e transmitted ( SALMO
mechanisms hold the key to tbhaderstanding f t he wor | 198%4:260)Sa#nhoM O N
distinguished twdorms of scientific understanding that would be merged, however, into what

he regarded as a Afinal theoryo:

In the course of this discussion, | shall examine two general forms of
scientific understanding, both of whicre available to us, and which are
neither incompatible with each other nor contrary to the rigor and objectivity
of the scientific enterprise. The first of these involves understanding our
place in the world and knowing what kind of world it is. This kiofi
understanding is cosmological. The second involves understanding the basic
mechanisms that operate in our world, that is, knowing how things work.
This kind of understanding is mechanical. If, however, a final theory should
be found, encompassing bgthactical physics and cosmology, then the two
kinds of understanding would merge into one at the most fundamental level
(SALMON 1998:81).

As discussed by De Regt & Dieks (2005), Salmon does not claim that -causal
mechanistic explanation is a prior conditidor scientific understanding because he
acknowledges that this type of explanation is not applicable to all situations. Notwithstanding
they argue that Salmon does not subscribe to a pluralistic position because he defends that
causal analysis is the lhiesne to provide understanding when compared to others. In other
words, itis a privileged account toward scientific understanding.

Critics of the causainechanical conceptiosmssert hat Sal mondés model
all domains of reality (cf. DE REGT &1 EKS6 [ 2005] HnstenPadaskyi on o

Rosen paradox). Furthermore, scientists sometimes choose not to use a model or theory even
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when it is applicable gg. Bohmian theory,ibid). Therefore, the causamechanical
explanationwill always face tle possibility of being replaced in science, along the history of
scientific thinking. Anahis places itgntelligibility in an endangeregosition.

In biological sciences, however, the causachanical account is widely used,
especially in fields like ngobiology, molecular biology, biochestry, among otherse.g for
explaining how neuron chemical synapses or protein synthesis work; see, for instance
MACHAM ER, DARDEN & CRAVER 2000, CRAVER 2007). Causal reasoning has also
been widely employed in ecolagil studiesfrom theindividual level, for instance to account
for plant interactions with microbes and insects (PIETERSE & DICKE 2007), to spatial
levels, for examplelarge, mese, small and smallest levels as portraylegthe modeler in

our case stud (seeChapter4, Sect.4.3). For instance, the way the concept of functional

diversity is used in ecology illustrates the importance of causahanical reasoning, as it

will also be clear in our case sy becausdunctional explanations are used ¢ausally
connet aspects of biodiversity with processes and properties of an ecosystem (LOREAU
2010; DIAZ et al.2007, REISS:t al.2009).

1.1.2 The unificationist theory

The unificationist conception, mdy defended by Friedman (1974) and Kitcher (1981, 1989),
presents a very attractive image of what explanatoderstandinghould be. Accordingo
these authors, a theory that best providssientific understanding of theorld is a theory

that embracg and unifies other theories and/or a diversity of phenomena:

Science increases our understanding of the world by reducing the total
number of independent phenomena that we have to accept as ultimate or
given. A world with fewer independent phenomenaoihier things equal,

more comprehensible than one with more (FRIEDMAN 1974:15).

Understanding the phenomena is not simply a matter of reducing the
6fundament al i ncomprehensibilitiesd l
patterns, in what initially appearedt be di fferent situat
advances our understanding of nature by showing us how to derive
descriptions of many phenomena, using the same patterns of derivation again

and again, and, in demonstrating this, it teaches us how to reduce the numbe

of types of facts we have to accept as ultimate (KITCHER 1989:432).

The major advantage tiie unificationisttheory is that its applicability is very general
After all, any theory is capable of providing understanding because it reduces the types of

facts to derivation patterns: Ano matter wh:
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the maximally wunifying systematization of
genuine explanations and understandingo ( DE

As it is widely recognized, unification is important in science and has been playing
important roles in the history of science (often cited cases in poirg.gre, Max wel | 6 s
of el ectromagnetism and Dar wi nds .Batthsbdoed i on e
not mean that the quest for unification is always motiddty a desire of understandigen
though Kitcher (1989) assumes that understanding a theory is a requirement to produce
scientific knowledge and to achieve understanding is deesmedgnitive ingredientan
internalization of the argument patterns. De Regt (2017:115) defends that in the unificationist
notion understanding can only be achieved in an indirect way, in his wérdsh e
understandingproviding feature of unification (iKi t cher 6s sense) i s th
to see analogies between theories in the form of similar argument patterns, which extends the
range of a particular skillod.

De Regt & Dieks (2005) 0 b jnencsequitturibeeatise Ki t c
redwing the number of arguments is not the only way to increase scientific understanding.
For instance, they agree that seeking analodiesveen theories may help achieve
understanding but they also recognize that understanding can be increased whets scientis
internalize one or two argument pattenmsteadof reaching a whole unification. For De Regt
& Dieks (2005149), this would be a preferable scenario since scientists would be better
equipped to employ the separate argument patterns rather than ibe omd.

As it has been already acknowledged d®veral authors, as, for instandasonelli
(2009), biology is a very disunified science, and thus it is not a strange approach in
contemporary biology to use an unificationist effort to connect differemistgh models and
theories. One example of its application in biology is the emerging approach in taxonomy
called integrative taxonomy. This approach aims to hold every sort of taxonomic evidence
together (morphological, geographical, genetic, DNA barcodatg, and so on) in order to
evaluate taxonomic categories and phylogenetic relations. Defenders of this procedure claim
that it might solve disagreement among disciplines over the number and demarcation of
species (SCHLICKSTEINERet al. 2010; for integative taxonomy, see DAYRAT 2005; for
different taxonomic traditions, see SIMPSON 1961; SOKAL & SNEATH 1963; HENNIG
1966; MAYR 1969; WILEY 1978; HULL 1988; NELSON 1989; CHRISTOFFERSEN 1995;

DE PINNA 1999; AMORIM 2002).
In ecology it is not differentEcological systems are influenced by multiple drivers at

different spatial and time scales. Many of these drivers interact in a complex atideaon
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way, which makes them very challenging to model. In such circumstances one alternative is
to combine differenprinciples in order to create a theory more adequate to explain complex
systems. An example from our case stigdhe creation of predictive schemas by the modeler
that combine two or more theoretical approaches of metacommunity theory: for instance
spetes sorting and patch dynamics, or species sorting and mass effedChspter4,
Sect4.1.9). Another example from our case study is the model developed by the modeler at
the end of his Ph.D. work, in wdh he brings together elements from distinct fields, namely
the functional diversity of bees in an agroecosystem, and a conceptual framework unifying

ecology, mechanistic explanation and complex systems scigbicapter?).

1.2 Scientific understanding

1.2.1 The contextual theory

The contextual theorgf scientific understanding (DREGT& DIEKS 2005) elaborates on

the idea of variations in standards of intelligibility in scientific practice, because it admits that
scientific understanding should account for the contemporary and historical practice of
science. Nonetheless, tirgelligibility standardsio not claim a status of exclusiveness and
immutability because the authorscognizethe importance of changing contexts. Tlere,

to achieve understanding is a mat@eel aim (considering science as a whole), dhengha
scientist'sview at the precise moment when understanding is achieagtbe contextually
situated at aneso (say, scientific communities) or mictevel (say, individual scientists)

(DE REGT & DIEKS 2005:165, DE REGT 2017).

Considering that one of the universal epistemic aims of science is understanding, and
scientific understanding of phenomena requires theories, which therefore must be intelligible,
De Regt & Dieks (2005) assume intelligibility as a contdependent feature concerning
theoretical virtues as well as scientists
scientists to be able to use theories in order to generate explanationgdictioms. From
such a perspective these authors elaborate on the Criterion for the Intelligibility of a Theory

(CIT) that incorporates pragmatic and contextual features of understanding:

CIT : A scientific theoryT is intelligible for scientists if theyan recognize
qualitatively characteristic consequences Tofwithout performing exact
calculations.
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Therefore, in the contextual theory of understanding, a privileged status of particular
standards of intelligibility €.g causality, visualizability, unifying power) as necessary
conditions for understanding is not assumed. Instead, what is defended is that such
intelligibility standards function as contingent tools to achieve scientific understanding
because they help scientists intuitively see the consegqeeof a scientific theory, fulfilling
then the requirements of CIT (DE REGT & DIEKES 2005).

1.2.2 De Regtdés Account of I ntelligibility

In Understanding Scientific Understandinge Regt (2017) presents an improved version of
the contextual theory of mmtific understanding. He aims to construct a general theory of
scientific understanding that should be pluralistic and independent of any specific model of
explanation. This would allow the possibility that understanding be achieved via different
explana&ory strategies.

What is asserted by this theory is that to achieve scientific understanding it is first
necessary to understand the theories used to explain phenomena, and, therefore, theories must
contain arguments that are intelligible for the scientist under st and. I n ot
intelligible theories allow scientists to construct models through which they can derive
explanations of phenomena on the basis of
i mportant t o hi g hntelligipitity requiteraent rebes onRteegfdlldving i

Criterion for Understanding Phenomena (CUP):

CUP: A phenomenorP is understood scientifically if and only if there is an
explanation oP that is based on an intelligible thedryand conforms to the
bast epistemic values of empirical adequacy and internal consistid)y (

The basic idea of the theory continues to be that explanatory understanding requires
intelligible theories. Regarding intelligibility, is important to notice that: (i) it is not an
intrinsic property of theories but a conteldpendent value ascribed to theories; (ii) it is
defined as the value scientists attribute to the clusters of qualities of a theory that facilitate its
use; and (iii) it is a measure of how fruitful a theoryfds the construction of models by
scientists in a particular context (DE REGT 2Q@HBB&sin).

In an attempt to preclude the appalemurely subjective value judgment of (ii), De
Regt elaborates a measure (iliat allows the evaluation of the intelligiby of a theory

according to its historical context (i), as follows:
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CIT1: A scientific theoryT (in one or more of its representations) is
intelligible for scientists (in context) if they can recognize qualitatively
characteristic consequences ®f without performing exact calculations
(ibid:102).

The CIT; proposed by the author is appealing for pragmatic accounts of scientific
practice and is in accordance with what is needed to understand a phenomena (UP) and to

understand a theory (UT), as follows:

UP: understanding a phenomenon = having an adequate explanation of the
phenomenon (relating the phenomenon to accepted items of knowledge).

UT: understanding a theory = being able to use the theory (pragmatic
understanding)ilfid:91).

In our case studyhe CIT, demands are well reflected in several moments during the
processes of heuristics application. One
oper at i onal Sectdhl®ptbroughmthishdthe fnodeler was capablegaiducing
several predictive scenarios without the utilization of specific and precise instruments. These
scenarios were developed after a meticulous evaluation of which approaches from the
metacommunity theory should be employed to best fit the spéesiaf the phenomenon.

This practice reflects some sort of understanding of the theories (UT) that the maaeler w
dealing with and are required for the understanding of the phenomenon of interest (UP).

The theory of intelligibility relies, then, not onbn the qualities of the theoper se,
but also on the scientists. The capacity of scientists to judge the intelligibility of a theory will
depend, in turn, on their skills and background knowledge. In such a scenario, scientists need
conceptual toolsas®ciated with theirskills to use a specific theory in order to generate
explanation and understanding of the phenomena (DE REGT & DIEKES 2005; DE REGT,
LEONELLI & EIGNER 2009). According to the history and practice of science, scientists
will choose the tols that are more apt to achieve their goals, and for attaining understanding.
Therefore, there exists aanety of such tools, according to the period and disciplines.
Examples of these conceptual tools are: visualizability, causal reasoning, continuity,
mathematical abstraction, and others (DE REGT 2017:85).

The author also suggests that there might exist a link between visualization and
understanding, and between visualizability and intelligibility. Visualization is regarded as a
useful guide to achieng scientific understanding, while visualizability is a theoretical quality

that may enhance intelligibility. Visualizable theories are often regarded as more intelligible
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than abstract ones, because many scientists prefer visual reasoning in the monsifuct
explanations of phenomena, using pictorial representations or diagrams as tools. Several
scientistan the history of physics have relied on visual power to enhance a theory. Examples
include Richard Feynmandés di aeghataheaonlyavaydo Er w
acquire understanding of nature is to build theories visualizable in space and time. However,
visualization is not a necessary condition for understandnd).(

In our case study, visualizability played a major naléntelligibility, as it will be clear
i n the heuristicsSecdbi®c¢chadrmiiemascBechddhangdt r uc
Achanging i n operSaddild).nThd constotiop and eisudlization df
pictorial diagrams by the modeler helped him in structuring his theoretical background and in
organizing data related to the phenomer®©@mapters and4).

Causal reasoning funohs as a tool not only because it alfows to explore the
underlying structure of the world, but also because it improves the abilities concerning
predictions of a specific system under particular conditions. De Regt (2017:115) also asserts
thatthisviev i s c¢cl osely connected to Woodwar dos |
causation, because it defends that scientific understanding can be achieved by being
instrumentally successful in answering questions about the behavior of a system.

Other toolsalso related to causality aspects are productivity and continuity. The
productive continuity is the capability of a system, a causal mechanism in this case, to be
intelligible. Intelligibility for such a mechanism relies on the explicit connections battixee
stages in a mechanism, in other words, the continuity of the actions between the components.
In other words, a mechanism is more intelligible when there are no gaps or black boxes
interfering with the clear exposure of the relations among its compiMACHAMER,
DARDEN & CRAVER 2000). In our case study of pollination services, the causal reasoning
functioning as conceptual t ool i s represe
di sti BecdlH nand §He\iuceSecdd o) r

As one may have already realized, the conceptual tools are not isolated in themselves;
on the contrary, they might add to each other in order to grant the necessary intelligibility of
the hypothess or theomes or propositions. It is in this sense that the unifying power functions
as a tool. To sum up, conceptual tools allow skilled scientists to recognize the features and
consequences of a scientific theory and thereby facilitate model building.

According toDe Regt (2009, 2017), skills and judgment cannot be reduced to rule
following procedures because they change according to the historical, social or disciplinary

context. Such skills will depend on which theory the scientist is dealing with, and on the
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pragmatic virtues of it. For instance, the construction of a model relies on a specific
theoretical framework that demands from theodeler specific skills concerning the
theoretical properties. Those skills may vary from expertise technigugdap work, data
collection), to grasping and intuitive judgment.

De Regt (2017) el aborates on Gigerenzer .
judgment, according to which intuitive judgments are not obscurephuhe contrary, are
produced by heuristics udlyadeveloped in an evolutionary process of adaptation to the
environment. Gigerenzerib{d) acknowledges the reliability of intuition and its role in
decisionmaking processes, and defines intuition as judgment that arises immediately in
consciousness, Wiout full awareness of underlying causes (for @yt views, see
KAHNEMAN 2011):

While Gigerenzer focuses on decision processes in everyday life and
professional contexts, it seems plausible that similar mechanisms are at work

in scientific practice. Tis would support my thesis that skill and intuitive
judgment play a central role in the process of achieving scientific
understanding. If a theory is intelligible to scientists because its theoretical
gualities match their elkyd |lwith hiety. cl
everyday intuitive skills, scienti st
learning process in which their evolved cognitive capacities interact with the
environment in which they find themselves (that is, the historical and
disciplinary context of their science) (DE REGT 2017:110).

The notion of grasp plays a minor rol e i
that the intelligibility of a theory implies the possibility of grasping how its predictions are
generated. He ackmdedges that grasp is a feeling for the consequences of the theory in
concrete situations, being a rough, general idea, not an emotion or an immediate intuition.
Grasping, then, suggests that it is possible to understand how a theory works without being
abe to use it for making calculationsbidem). Even though De Regt highlights this
difference, it appears that the notion of grasp is closely related to the notion of intuitive
judgment, and perhaps this could be one of the reasons for grasp being arseei@ndent in
his theory. The notion and role of gragpneratea highly controversial debate and will be
readdressed in subsequent chapters.

The criteria for understanding and intelligibility presented by De Regt form the basis of
an account of scientfiunderstanding in which explanation, understanding and prediction are
interrelated epistemic goals of science. Scientists use their expert skills to construct models of
the object or system they want to understand scientifically. Model constructiontlis gpar

matter of making the right approximations and idealizations, which require skillful uses of the
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available conceptual tools. The ability to predi¢he recognition of qualitative consequences
of the theory, as expressed in ¢IT shows that scientis have such understanding, or in

other words, that the theory is intelligible to them.

1.3 Final considerations

This chapter presented the main theories of scientific explanation and how they are embraced
by the contextual theory of scientific understizng. The CTSU defends that the unificationist

and causaiechanical theories of explanation are used as instruments, the conceptual tools,
helping scientist achieve understanding. Some examples of their employment in biology,
ecology and our case study neepreliminarily provided. What will be shown @hapter3

(Preliminary conclusionfrom our case study is that the caus@chanical theory provided

the starting point for model building and explanation ¢tigy@ent. Notwithstanding, during

the process of modeling and explaining it was possible to perceive a shift from mechanistic to
unificationist reasoning. It will be explicitly exposed @hapter4 that both accounts of
scientific explanation were successfully applied for the purpose of explaining our case study
of pollination services in agricultural systems. Why did these subtle changes happen and how
did the scientist perceive his data, phenomenon and explanation? To answguéiséses, it

IS necessary to take the heuristics out of the black boxes, and expose how they were applied.
If we grasp how the modeler elaborated his explanation step by step, we may be able to solve
these issues. The better way to do so is to evaluatsclentific practice by means of the
contextual theory o§cientific understanding, since this is the only theory of understanding
that considers the scientific practice as contentl contextiependent. An assessment of how

the modeler understood theodel and explanation he constructed will be developed in

Chapterst and5.



PART |

Can mechanistic explanatiorhelp scientists construct modelgluring scientific

practice?
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INTRODUCTION

Unraveling what a scientific explanation consists of has been one of the most central topics in
the philosophy of science throughout the twentieth century (BRAILLARD & MALATERRE,
2015). Although explanations in biology by meaof mechanisms have long been debated,
most recently in relation to different fields of science such as neurobiology, molecular
biology, and sociology, there has appeared a new philosophical debate about mechanisms and
explanationsat the turn of the Z1century(MACHAMER, DARDEN & CRAVER 2000).

Unlike the reductionistiew of the classical causahechanical relation, this approattthe

new mechanistic philosophy of scienée embodies newperspectiveson mechanistic
explanations, which intend to taketonaccount notions such as hierarchical levels and
complex systems (BECHTEL & RICHARDSON9932010).

Roughly, a mechanistic explanation requires providing an account of a mechanism to
explain a particular phenomenon. Most scientists who adopt this vewnasthat behind
every phenomenon in nature, there exists a mechanismprtdices it and thus can help us
unravelhow thephenomenon comée be Thus, to describe such mechanism is to explain the
phenomenorper se (CRAVER & BECHTEL, 2006:469). In othewo r d s , Amuch
practice of the science can be understood in terms of the discovery and description of
mechani smso ( MACHAMER, DARDEN & CRAVER 200(
Part | of this thesis lies in this sort of scientific explanatidrg mechanistic one.

In spite of the literature on mechanisms been hunched mainly over historical cases, the
idea of this thesis is to work with science in the making. We intend to investigate the
contributions of the literature on the new mechanistic by of science for the scientific
activity of building explanatory models in ecology. What is being questioned here is not only
the prospect of this sort of explanation be as successfully applied to ecology as it is to the
other sciences quoted abowet alsoif heuristics developed from the philosophy of science
cancontribute to ecology in the making. Therefore, this chapter will reflect on the interaction
betweeni two distinctbut nevertheless connectéepistemological and ecological projects,
in order to answer the following question: can the new mechanistic explanation, by means of
heuristic, helps scientists construct models while doing science in practice?

There are a few records so far of the new mechanistic explanations applied to ecological
studies (see PASLARU 2009, 2015), suggesting that the dialogue betweasildsephyof

science and ecological sciences can be fruitful, justifyingrttemtions of thecurrentwork.
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Regarding the ecological project at stake, there exists an intereséfemg management) in
developinga model for a specific phenomenon in ecolégype community organization of
autochthonous bees and pollination service maintenancagiicultural systems,which
constitutesour case study. And with respect to the epistiegical project, there exists an
interest inrealizingif the mechanistic explanation is viable to explain ecological matters, and
if heuristics developed fronthe philosophical literaturecan contribute to ecology in the
making. Thus, on one side of teudy, we need to consider ecological knowledge about the
phenomenon itself, and on the other knowledge arising from the literature on mechanistic
explanation in recent philosophy of science. These conceptual bases combined provided
information that enakld the development of a heuristics set. These heuristics served as a
guideline for model construction.

As already stated in the Introductitm the thesiswith the utilization of the heuristics
set the mechanistic model was successfully constructed loyatieler. We already know that
this model was discarded by the scientist in order to create a theoretical framework that he
describes aBunificationist. The idea of Part | is to show what is our case study, what is this
new mechanistic philosophy of some, how is the heuristic set composed, what is the
mechanistic model created, and at last what is the theoretical framework that emerged from
this process. In this sense, Part | is structured as folloWwapter2 presents our & study
Athe community organization of autochthono
agriculturals y st ems 6 and i Ghapterarings méjar adeas rfrens recent
philosophical studies on mechanistic explamaticonjoint with more classical effort®

elucidate this kind of explanatioRreliminary conclusionwill be drawn with the exposition

of the heuristics set elaborated according to the information derived from Ghzpisil 3,
besdes presentinthe mechanistic model and theoretical framework created by the modeler.
It is important to highlight, that the heuristics set will be only presented as a table in this part

of the thesis. Its main theoretical content and how it was coredrugll follow in Part Il.
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2 FUNCTIONAL COMPOSITION OF AUTOCHTHONOUS BEE
COMMUNITIES IN AGRICULTURAL SYSTEMS

The new mechanistiphilosophy of science has been very successful whentasactcount

for howmechanistie@xplanation is carried oirt seveal scientific areassuch as biochemistry
(Na+ channel depolarizatigrnolecular biologfDNA transcription) neurosciencéneuronal
chemical synapsespnd so forthNotwithstanding, this kind of explanation has been less
frequently applied to ecologitasystems,and there were also less philosophical works
devoted to elucidate mechanistic explanation in ecolagyyeperceivedfrom the outcomes

of a literaturesurveyperformed agxposed inthes ect i on @A met hodboleogi c ¢
One of the putatie reasons, we believe, it is because ecological systems are influenced by
multiple drivers at different spatial and time scales (NELS&@MNI. 2006). Many of these
drivers interact in a complex and ntmear way, adding to the challenges of modeling
ecobgical sytems and process, especially from a mechanistic perspectdig considering

that the new mechanistic perspective deals with multilsysiems with inputs and outputs,

and also with features like hierarchies and nonlineardiese the issuehether mechanistic
explanationconceived according to this perspectimuld help ecology in the process of
explaning andbuilding modelsfor dealing with these complex and rlamear drivers.

This chapter aims to expose major theories and principlesxology that are most
relevant for our case studihé functional composition of autochthonous bee communities in
agriculture systems acording to the modelehimself Section 21 will expose what is the
phenomenon we are dealingth and some intrinsic features of 8ection2.2 will address the

most relevant ecological concepts, principles and theories connected to our case study.

2.1 Why bees?

The ecological phenomenasf this endeavor ientitled bythe modeler ashe functional
composition of autochthonous bee communities in agriculture systehgsMucugélbicoara
agricultural pole, Chapada Diamantina National Park (PNCD), Bahia, Breauiré Il). This
complex senterg; in other wordsmeans that what it is going to be investigaaed modeled
is how the community f n at ionganizekheraséiges in relation to their functional role

(such as palhation) in agricultural systemecated insidehis National Park

" see Coutinho (2018nanuscrip}.
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Why bees? Bees are the most important organisms concerning pollination services in
most regions of the world (KLEINt al. 2007). They are responsible for the pollination of
approximately 70% of crops around the world and for the pollination of more tharoB0%
angiosperms. Agricultural systems show an intricate set of ecological andcological
characteristics that define their dynamics. For instance, decisions in landscape management
that aim at suppressing native vegetation may affect negatively sgveugs of species,
throughhabitat loss. These groups may be involved in different ecosystem seevicester
depuration, nutrient cycling in the soil, biological pest and pollination control. All these
servies are intimately connected with food slypfor human societies and other biological
communities (COUTINHOpersonal communicatign

Figure Il: (A) Brazil represented in gray and Bahia state represented in orange; (B)
within Bahia state, the studied aisashown irred and Chapada Diamantinatiaal
Park in yellow; (C) geographical delimitations of the studied.area
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Source modified fromCoutinho(2018manuscrip}.

The medium andbng-termforecast is that intensive land use is not consistent with the
management stability adgriculturalsystems in time and space. To keep stability, it will be
necessary to restructure land useast®o be compatible with biodiversity conservation and

ecosystem services. This is the reason why the connection between biodiversity and
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ecosystem services hiagsen proposed vianctionaldiversity ofecosystenservices providers
(ESPs). Suclassumptions accepted because of theequalcontributions ofdistinct species
for the magnitude or stability okcological functiors related to ecosystem servise
(COUTINHO 2018manuscrip}.

2.2 Ecological framework

The ecological framework exposed in this section was selected by the scientist according to
what he judges relevant for the phenometwohe modeled. This framework waeferred by

him asthei mai n ¢ daleopiektli arso i n whi c hcorsdgeentlpihenor
wasanalyzedogether with the mechanistic literature for the elaboration of the heuristics set.
This framework includes (i) theories in landscape ecology, (ii) properties of complex
systens (i) natur al hi story of the system
metacommunity theoriedn order to providea better picture of our case studye will

describe each component of the theoretical framework in turn

Landscape ecologis characterized by two distinct views: (a) a geographic approach,
and (b) an ecological approach. The first one concerns the interactions between human beings
and their environment, while the second fm®iseson ecological processes and patterns. An
integration between these approaches has been proposed by Metzger (2001), as we will
expose below.

The geographical approach studies the influencdsiofanbeings over the landscape,
considering in particulahow we manage the territory. There are three manes that
characterize this view: (i) the concern about planning the territory occupation; (ii) the study of
the landscape deeply modified by human beingsh e &6 c ul t u;raad (iii) the n d s ¢
analysis of such large areas. In this sense, landscamgygeelnot focusedn bio-ecological
studies and may be defined as a holistic discipline. This perspective combines knowledge
from several areas, such as sociology, ecology, biogeogrgpbiggy,and geography. Its
main goal is the total understanding tbie landscape (mostly cultural) and theritery
planning (METZGER 2001).

In turn, the ecological perspective emphasizes the importance of the relation between
ecological processes with their spatial context for biological conservation. In this view

landape is characterized as (i) a heterogeneous area composed of a cluster of interacting

8 The information of this section was extracted fréoutinho (2018:manuscript) apersonal communication
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ecosystems; (i) a mosaic of distineindforms diverse vegetation, and land usage (see
URBAN et al. 1987; and (iii) an area spatially heterogeneous. This approacbr$athe
natural landscape, and the use of landscape ecology for biodiversity conservation and
management of natural resources (METZGER 2001).

Met zger 6s effort i's virtuous because it
exclude each other. Instealdey can be quiteomplementargince both are spatially explicit,
deal with heterogeneous spaces, and consider multiples scales in the analysis. The unified
notion advanced by Metzger conceives the |
by interactve landscape units, where heterogeneity exists for at least one parameter, one
specific observer and a p arhus,itheandseapeorgimuesl e 0 |
to be a visual entity that is entirely dependentthe observer and the scale at whitls
observed.

Considering the popartiesnoflcomiptax dystenigwasl necassaby,
to make choices among tlseveral definitions and debates about complex systems in the
natural sciences (S&ERTALANFY [1968] 2014, economy (see FERGWIMN et al. 2003),
epidemiology (see HALDANE &MAY 2011), education (see MORIN2014), and other
fields. In this research we adopt the ideaaoimplex systemas showing eight attributes
(FILOTAS et al. 2014): (a) heterogeneity, (b) hierarchy, (c) sel§anzation, (d) openness,

(e) adaptation, (f) memory, (gorHlinearity and (h) uncertainty (see SOLE & GOODWIN

2000; BOCCARA 2004; MITCHEL 2009). These properties are found in a variety of
biological, social and physical systems, which are the objects dy stucomplex systems
science(CSS) (MITCHEL 2009, FILOTASet al. 2014:2). G5S enables to yield insights and
comparisons between complex systems and is useful for understanding ecosystem structure
and dynamics. This approach will be extremely importantceonng our ecological
phenomenon to be modeled because it can be used in systems of all scales, sizes, and
functions (FERGUSONt al.2003, FILOTASet al.2014:2).

Complex systems are systems with usually distinct components that interact over a
variety d spatiotemporal scales (see LEVIN 1992; GREEN & SADEDIN 2005). Such
interactions cannot be calculated simply by the summing of the dynamics of individual
components because they produce a variety of reactions that guide the system dynamics.
Thereby hetelogeneityis an important characteristic of the dynamics of complex systems and
is alsocrucial to the management of their response and resilience (FIL@TASE 2014).

This heterogeneity is evidenced by the nature of the components, their behavianradtruct

organization, spatial localization, and history.
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The second attributdyierarchy, asserts that the components of a complex system are
organized hierarchically adifferent levels or scales. This multilevel structure assures a
network where the phen@anon is realized through the interaction betweensttsdes (see
SIMON 1962; LI 2000. In the hierarchcal model advanced byilBtas et al. (2014:6) the
most different dimensions are considered, such as ecosystem services, forest products (and
their usery local communies government, and social and economic scope of industries.

Selforganization, the third attribute, concerns a series of actions between the
components at one level that results in a product at another level. This may affect other
comporents trough feedback (see PERRY 1995; LEVIN 2005). Swmijanization occurs
spontaneously and is frequently connected with the emergence of remarkable spatiotemporal
patterns (FILOTASet al.2014).

The fourth attributeppennessmeans that the dynamickthe system are influenced by
outside factors. Due to cressale interactions and emerg@hienomenathese dynamics are
not easy to delimit (CUMMING & COLLER 2005; FILOTA& al.2014).

Adaptation, the fifth attribute, is the capacity of the system tdjuat towards
disturbances resulting from external inputs. Such attribute is intimately related to the concept
of ecosystem resilience (GUNDERSON & HOLLING 2002, FILOTAS$ al. 2014).
Notwithstanding, the difference between these concepts is that adapthiies the system to
modify and reorganize its components and functions when confrdotetisturbances
(PARROT & LANGE 2013, FILOTASet al. 2014), and ecological or ecosystem resilience
refers to the capacity of the system of absorbing change andodisterwithout changing its
behavior regime (HOLLING 1973, GUNDERSON 2000). A behavior regime can be defined
as a series of stable states that repeat themselves over time, with a certain periodicity but not
precisely When disturbedip to a certain limit theresilience threshold}he behavior regime
shifts to transient states for a time interval but eventually returns to the repeatingoferies
states.There can happen, however, that disturbance surpasses the resilience threshold and
then shifts in behavioregime take place, leading to a different kind of system in relation to
the system that previously existed.

The sixth attributethe memory of a complex systamoncerns the information from past
events thatinfluences future dynamics of a system and,caaingly, its structure and
composition through feedbacks and constraints (ANA®LRI. 2010, PARROT & LANGE
2013). This memory may act, in complex systems, as an important agent of resilience
(FILOTAS et al.2014).
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The seventh attributethe nonlinearity in a complex system, is related to
disproportional output responsesinput stimulus. Thus, the system dynamics may present
large or small responseaccording to the type or amount of varianbn-linearity and
feedbacks are important features for ibgulation, spatial synchrony and chaotic dynamics in
all ecosystems (see CONSTANTIN& al. 1997; BLAUSIUSet al. 1999; FILOTASet al.
2014).

The last attributeyncertainty deals with the unpredictability of the system dynamics
and it may surface froraeveral sources. One such source is the stochasticity of the internal
processes in the dynamio$ socioecological systems. Another source of uncertainty is non
linearity that may cause regime shifts. A third souscepennessas complex systems are
vulnerable to changes ixterral systems to which they are associated. Historical and natural
events such as tsunamis, wars, etc. may reinforce this attribute. The last source of uncertainty
lies in the very adaptiveness of the system (FILOEASI. 2014).

The natural history of fauna and florahe fourth pillar in the frameworlcorresponds
to the availablebiological information about the species involved in the process of
pollination. This informationexposesthe distinctiveness of each group in termsitsf
evolutionary process, food, behavior, reproduction dyngragevell as their interactiongith
each other and with the environment.

Finally, the metacommunity theoriggovide principles that explain ecological patterns
at large scales. There are famain views about metacommunities: (a) the paltymamic
view, (b) the speciesorting view, (c) the massffects view and (d) the neutral views{gure
III). Metacommunity theories provide important approach to think aboimkiages between
different spatial scales in ecology (LEIBOLdD al. 2004 passin).

The patch dynamic perspectivEidure 1ll) emphasizes the existence miimerous
community patchesthat arealike to each otherEach patch has thgotential to contain
populations. However, they may be occupied or unoccupied. These patches are engaged in
stochastic and deterministic extinctions that can be influenced by interspecific interactions,
and are restrained by dispersal. In other words| Ispecies diversity is limited by dispersal
and spatial dynamics are dominated by local extinction and colonization (LEIBfIaD
2004:604605).

The speciesorting perspectiveHgure 111b) asserts that local patches are et in
some features and the consequserafelocal species interactions depend on aspects of the
abioticenvironment. In other words, tleearetradeoffs among species and environmdmt

allow them to specializén a variety of patch. This reflectsstrong difference in the local
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demography of species the communites revealing changes ovenvironmentagradients.

This approach presupposes a spatial niche separation above and beyond spatial dynamics, and
a separation of time scales between loagbytation dynamics and colonizati@xtinction
dynamics. Thus, dispersal is significant because it allows compositional modifications to
track changes in local environmental conditions (LEIBGdtal. 2004:604607).

Figure 111 Four representations of mebmmunity theories: (a) patch
dynamic perspective; (b) speeierting perspective; (c) maséfect
perspective; and (d) neutral
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The masseffect perspectiveHigure Ilic) focuses on theffect that spatial dynamics has

SourceLeibold et al. (2004:606).

on local population densities through immigration and emigration. For instance, species may
be rescuedrom local competitive exclusion in communities where they are bad competitors
by immigraing from communities where thegre strong competitors (LEIBOLRt al.
2004:604).Dispersal act thenas a sourcsink relation amongst populations in distinct
patches which may affect the relations betweenldlcal conditiors and the community
structure (OLT 1993, MOUQUET & LOREAU 202:200, LEIBOLDet al.2004:607).

The neutral perspectivé&i@ure 1lid), in contrast with the other three approacheay
be described as a null hypothesis (BELL 2001, LEIBG&iDal. 2004:608).1ts possible to
consider that all gecies are similar in their competitive abilit;jovement,and fitness
(HUBBELL 2001, LEIBOLDet al.2004:604). In this model all species are currently present



49

in all patchesput they will be graduallylost in patchesand will be replaced by speciation
(LEIBOLD et al. 2004:606). Therefore, metacommunity dynasraonsist of random walks
that alter relative frequencie$ species in space through tirflesibold et al2004:604/608).

Most agricultural systems presuppose a certain kind of landscape managenigent. T
management possesses a few features that influence any given phenomenon within this
system. Todeal with such dynamicity two characteristiGge usualy addressedn the
ecological literaturedistance betweemagments andiversity ofhabitat typs.

The distance between floral fragmenteay influence pollinatos movement.The
greater thalistancethe large the effort of movement by the pollinator in the landscape. The
opposite is also true. Thus, it is possible to have populations that are geitatgd due to
the impossibility to reaclone arother. One explanation for this isolatican be that there
exists too many agriculture fields that the pollinator cannot cross, thiegeamount tdostile
environmers.

The diversityof habitattypes is animportant aspect of the system because it may favor
viable populations to exist. In other words, it means that the more diberbabitats in the
system, thdarger the diversity ofloral resourcedor the pollinators Floral resourcesre
equal to fod resourcesThus, in the long term, it is expectduat the diversity of habitat
types affects thenanagement of viable populations of pollinators. Just as in a chain reaction,
if a pollinator population grows then their movement in the landscape wallgatsw. This
may lead towards stabilityf the pollination serviceat the time scale ofiumanaction in the

landscape
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3 MECHANISTIC EXPLANATION

Mechanisms have played an undeniable role in the history of science, which evidently extends
to the preset day, especially in biology. Notwithstanding, contemporary biology no longer
uses the wor aith @ riteral kanmotatsom applied to living organisms and
biological systems. Instead, mechanisms are currently used in contexts related to causal
relations. The utilization of mechanism in the context of mechanistic explanediorbe
therefore, embedded in Saln@encausamechanical notion of scientific explanation. Even

t hough Sal mon (1998: 8) did not i #ai 8t Hheéeha
mai ntained Athat knowledge of <causal rel at
phenomena, and that such explanations yield understanding of the world and what transpires
within ito. T h e mameohanfca abbnurr seientifio explabalioa werea u s a

already exposed i€hapter 1(Sect.1.1.), while its implications for scientific understanding

were addressed iection1.2. Thus, this sections only dedicated to expose the main
framework of mechanistic explanation and some examples of its use, throughout the sciences.
At this moment it is really important to note that this section does not aim to present the
complete theoretical framewodd mechanistic explanation and, also, that it does not aim to
do itaccordingly to its historical ewstruction. This is justifiethy the following reasons. First,
the new mechanistic philosophy of science is still at its beginnings, with its theoretical
framework still in development and being revisited constantly. And second, the theoretical
construct of mechanistic explanation had a purpose to be in this thesis. Its framework was
combined with theories in ecology in order to derive heuristics that woulde giiel
development of an explicative model of the ligeslination service in agricultural systems.
These two reasons make it difficult or impossible to be fully aware of all the continuous
changes within the field while these same principles are beintiedpguring scientific
practice. Thereforeonly major ideas ar@resented in this section, inren-chronological
way, in an attempt to accommodate the core discussions that emerged simultaneously
throughout the development of this field.
This chapter iorganized as followsSection3.1 brings some disambiguation on the
semantic aspects of mechanisrsction 3.2 presents major ideas concerning mechanistic

explanation thaivere used in the constructiontbe heuristics sét

° Section 3 will give a very brief overviewfossome issues regarding mechanistic explanation. Notwithstanding
Chapterd will bring extended discussions on the mechanistic framework behind each heuristics, with a deeper
analysis otheir content.
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3.1 Mechanism what? The semantic fragmentation of mechanism

AMechani smo i s a thescences)sineedar manywfieldgsdvhat counts as a
satisfactory explanation usually requires providing a description of a mechanisis. derise

much of the practice of science, in an historical account, can be understood in terms of the
discovery and description afechanisméMACHAMER, DARDEN & CRAVER 2000).

I n the biological sciences, t he cquatec ept
philosophical understanding of some issues, especially in molecular biology (BECHTEL &
RICHARDSON [1993] 2010,KAUFFMAN 1971), but not only in this field Wimsatt
(1972:67) defends the idea that ni wplabingol ogy
phenomena by means of identifying mechamiddut there are disagreements about this idea,
since authors lik&chaffner (1993:278¥or instancec | ai ms t hat fAmechani s
should be avoided.

Despite the fact tbheausedanrdiffieretrtiraes and placethmo h a
science and in the philosophy of science, there is still no consensus about what a mechanism
is. Table Bprovides some examples of distinct definitions of mechanisms that are, in aype w

or another, attached to mechanistic explanation.

Table B: Definitionsof mechanismslevelopedy different authors.

Author(s) Mechani smbés defini
Mechanism is a behavior of complex systems that prod
such behaviorttrough tte interaction of a number of parts
Theseinteractions may be characterized as relative,
invariant and direct generalizations.

Mechanisms are entities and activities organized in sug
way that they are product of regular njgasfrom start to
setup to finish orterminate condition.

A mechanism is a structure that realizes a function in
virtue of its component parts, operational componexrtd
organizations. The functioning of a mechanism is
respnsible for one or more phenongen

The term fAimechani smd i n ¢
that is nested within the entity or system to be explaine
mechanism is, therefore, one sort of cause.

The mechanism of a phenomenon is composed by enti
Illari & Williamson (2012 and activities organized in such a way that are respons
for the phenomenon.

Mechanisms are types of theoretical models, construct
from a hierarchical perspective.

Glennan (1996)

Machamer, Darden & Craver
(2000)

Bechtel & Abrahamsen (2005

Pickett, Kolasa & Jones
(2007)

NunesNetoet al. (2013)

Souce: Elaboratd by the author

What counts as mechanisms in science has developed over time and presumably will
continue to do so (MACHAMER, DARDEN & CRAVER 2000). Notwithstanding, Nicholson



52

(2012) distinguishes and characterizes three different meaamagsses of mechanisms in the
history of biology: machine mechanism, mechanicism, and causal mechéahissmachine
mechanismrmotion was traditionally used by biologists to describe maelitresystems. It

has been applied to stables sets of interagamts arranged in such a way that their combined
operation results in predetermined outcome
Latin machineand the Greekmechane meani ng Omachined or om
Mechanicismcomprises the idethat living organisms can be treated as machines. Finally,
causal mechanisndisplay the stefpy-step of causal processes that give rise to phenomena.

Nicholson (2012) highlights that mechanistic philosophy is concerned with the
characterization of maaime mechanism and refers to the ontological and epistemological
commitments of mechanicism. The confusion, for him, is that philosophers of science usually
adopt the term Omechanisticd to refer to e
which hasnothing to do with mechanicism. And this is where the mechanismic program
enters Nicholsonsuggests that the terfimechanistio should be avoided whenever talking
about causal mechanisms, because mechanismic, just as causal mechanisms, is better
understod as a heuristic explanatotgol, not as real things in natur&herefore the
mechanismic program would be concerned only with causal mechanisms with no
commitments with mechanicism. Even though this suggestion attempt to clarify these
distinctions, in lis thesis we will use mechanistic explanation as regarding mechanism with
causal relations with no ontological commitment to mechanicism.

It is worthy claiming that not all scientists look for mechanisms and not all explanations
are descriptions of mechzms (MACHAMER, DARDEN & CRAVER 2000). Biology, for
example, is a wide field where scientific explanations surpass a range, from descriptive
mechanism to comparative reasoning, to the construction of historical narratives.

The research proposal of thisesis started aligned with an inclination towards lllari &
Williamsonds (2012) definition. In spite o
projectandcreated his conceptual framewphle adopted Nunedetoand colleagues ( 2 01 3)
definition. Ins pi t e of t his, we al so agree with Ma
Ni chol sonés (2012, 2014) i deas that t hi nki
reductionist perspectiyeand when used as metaphors, might help illuminate aspects of
discovey, scientific change as well as address many problems in philosophy of science. Even
t hough Nicholsonds effort in i1 dentifying t
paramount i mportance, this thesis decause not

the heuristic building was solely discussethin mainstream mechanistic literature.
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3.2 Mechanistic explanation and its framework

Even though the theoretical roots of mechanistic explanation go back to-cedalnical
reasoning in Salmon (18981998) (se&ect.1.1.7), the work of Machamer, Darden & Craver
(2000, her ®laif mleir n MD&DH o id wsuallygrarted asithe gneuldd zero for

the newmechanistighilosophy of science. These authors defended thelhanéstic thought

may provide a new approach to address some major philosophical issues such as causality,
laws, explanation, reduction, and scientific change.

MDC(2000: 3) regard mechani s mgedsush thiatehey i t i
are producpbf regular changes from startorsep t o f i ni sh or ter mi ne
goal of a mechanism is, thus, to explain how a phenomenon succeeds or how some processes
operates. A mechanism for MDC must haveimitial condition (setup condition and a
terminal condition(termination conditioh (as well as intermediate stages)d a mechanistic
explanation, accordingly, ought to describe these aspects of the phenomena.

In more detail, MDC describe mechanisnmscamposed ofentities with their own
propeties and ativitieswith their own functions. Hence, the activities are intrinsically related
to the properties of the entities, since they produce the action. The entities are the things
involved in the activities and therefore have specific types qfgrties. The activities are the
producersresponsibldor change.

Notice that, for these authors, some key pointsoaganization regular changesset
up, and termination conditions The organization and the dynamics of the entities and
activities will establish the path through which the phenomenon will be produced. Entities
must be specifically situated, structured, and oriented. The activities in which they participate
must be coordinated temporally, involving a temporal ondée,and duration.

Concerningregular changesii me chani sms are regular in t
the most part in the same way under the s
CRAVER 2000:3). Two important aspects related to this issuprarkictive continuityand
intelligibility. The first one is the regularitper se of the mechanism to run from the
beginning towards an endoag the stagesyhenfree from adversitiesThis regularitywill
establish asetup conditionand atermination conditionThe second one, the atiigibility of
the mechanispresultsfrom the productive continuitglong itsstagegFigure 1V).

Taking into account previous information, to describe the mechanism of a phenomenon
is, thus, to reveal how the termiitan condiion is caused by the initial (seip) and

intermediate conditions, in an organized and constant Wegyures V and VI represent
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mechanisra of biochemical process used byMDC (2000:910) to exemplify the ideas.
The first diagram is a twdimensional spatial representation dfemical synapsesrhe
second one represents the mechanism of a single activity of these syiiapkes

depolarization.

Figure 1V: Schematic representation of a mechanism accoriingDC. A, B, and C are the
components of the mechanism. y, x, and z are the activédieed outby the components. A
represents the sep conditions, and D represents the termination condition, in other words,
product of the chain of activitie$he productive continuity between the components will prov
intelligibility to the mechanism.

Yy X Z
® — 00— 00—

A B c D

Productive continuity

Source:Elaboraed by the author

Figure V contains the elements and activities of the process. The elements ,irigiude
example cell membrane, vesicles, microtubules, molecules, and ions. The activities are
representedfor by the actions of biosynthesis, transport, depolarization, insertion, storage,
recycling, priming, diffusion, and modulation. The mechanism happens witretlmens that
are polarized in resting state. The fluid inside the cell membrane is negatively charged with
respect to the fluid outside of the cell. The depolarization is a positive change in the
membrane potential: neurons depolarize when sodium (Na+helsain the membrane open,
allowing Na+ to move into the cell by diffusion and electrical attraction. The resulting
changes in ion distribution make the intracellular fluid progressively less negative and,
eventually, more positive than extracellular flg\DC 2000).

Figure VI represents the mechanism of depolarizatiovolving the Na+ channel
(through which Na+ ions get inside the neuronal membrane). The three panels of the Figure
(top-to-bottom) represent the sep condition, intermediate activities and termiman
condition of the mechanism. In the depolarization mechanism, the termination conalition (
the bottom panel) is considered to be the increase in membrane voltage, in other words, the
depolarization of the axon ternaihillustrated by the Na+ channels lining up against the
intracellular membrane surface. The intermediate activisiethécentral panelarepresaged

by the seup conditions, andrerepresented by the spreading depolarization from the axonal
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action pdential that (1) repels the positive charges in the alpha helix voltage gatq?)

rotates their central axis and opens a channel in the membrane. The resulting conformation of
the protein (3) makes the channel selective for Na+. As result, (4) Na+nowe through the

pore and into the cell. This increase in intracellular Na+ depolarizes the axon terminal (MDC
2000).

Figure V: Mechanism of chemical synapses in a neuronal cell.
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Source:Machamer, Darden and Crav@000:89) extracted the imagesdim Gordon
M. SheperdNeurobiology,3/e; ©1994 by Oxford Press, Inc., and Hall, Zach W (¢
(1992), An introduction to molecular neurobiologySunderland, MA: Sinaue
Associates

Unlike MDC, Craver & Bechtel (2006:469) do not offer an explicit definitifor
mechanism. Notwithstanding, they suggest that every model of a mechanism possesses four
aspects: a phenomenal aspect, a componential aspect, a causal aspect, and an organizationa
aspec(Figure VII).

Thephenomenal aspectoncer ns the phenomenon in que.

they are the mechanisno$ the thing theydo. [ é] There are noi mech
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only mechanism$orp henomenao (Craver &coBmrehtitl@dpect2 00 6
relates to the componentr the working parts of the mechanism, but not all components,
only those relevant to the phenomenon at stake.c@lisal aspectelays on the activities
exhibited by the components of the mechanisms. As they are activities, they are usually
exposed as arbs. Theorganizational aspects the temporal (order, rates, durations, and
frequencies) and spatial structure (locations, shapes, sizes, orientations, connections, and
boundaries) in which the components and activities of the mechanism operate. Ehere ar
different patterns of mechanistic organization: fémavard or puskpull systems, feedback or

parallel connections.

Figure VI: mechanism of depolarizationviolving the Na+
channel.
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The authors utilize a common mousetrap to explain their idéagsiré VII). The
phenomenal aspect of a mousetrap is to trap mice. It possesses six components: trigger,
spring, latch bar, catch, impact bar, and platform. All the components have properties that will
influence directly or indirectly # activities. For instance, the rigidity of the impact bar and
the tension of the spring offer a direct stimulus for the phenomenon to happen. Indirectly
speaking, the platform does not influence the event but offer a substrate for it. In this aspect

and n spite of their differences, Craver & Bechtel are in agreement with MDC:

[almong relevant entities and properties, some are crucial for showing how

the next step will go. The bulk of the features in theugefspatial, structural,

and otherwise) are nanhputs into the mechanism but are parts of the
mechanism. They are crucial for showing what comes next; thus we avoid

tal k of fiinputso, Aout puts, 0 -upand i s
conditions, 0 Atermination coaentiex i ons,
and activities (MDC 2000:11).

The causal aspect and the organizational aspect are intimately relcdatawhen the
mechanisms are loaded, the parts are connected to one another. For instance, in the
mousetrap, the trigger must be locatechwéspect to the catduchthat any pressure on the
trigger moves the trigger bar to dislodge the catch (CRAVER & BECHTEL 2006:470).

Figure VIl : elements of the mechanism mousetrap.

Impact Bar

Trigger

Platform

Source: Extracted from Craver & Bechtel (2006).

The work of anotlr author from the new mechanistic philosophy of science, Stuart

Glennan is different from those quoted above, as his discourse permeates causal matters,
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| aws, and generalizations, as explicit I n
underlyinga behavior is a complex system which produces that behavior by the interaction of
a number of parts according to direct causa

The core of his discussion concerns the idea that the mechanistic account is not
undermined by the lac&f a fundamental physical causation. This may appear contradictory
when | ooking at his own definition of a me
provide an epistemologically unproblematic way to explain the necessity which is often taken
todisi ngui sh | aws from other generalizati onsoa
idea, the author develops the notions of mechanisnta@sal nexusaand mechanisms as
complex system(&LENNAN 2002:5343).

Mechanisms as causal nexus are extracted from Salson wo r k -neechanicah u s a |
explanation. Salmon defines causal nexus as a network of interacting causal processes.
Mechanisms as complex systems are in turn extracted from the works of Wimsatt (1994),
Bechtel & Richardson ([1993] 2010), and Machamer, Bar& Craver (2000). Regarding

this idea, Glennan develops a more elaborate definition as follows:

A mechanism for a behavior is a complex system that produces that behavior
by the interaction of a number of parts, where the interactions between parts
can be characterized by direct, invariant, changlating generalizations
(GLENNAN 2002:S344).

Anot her i mportant issue for Glennan is b
and its interactions are only possible to identify if the mechanism behiavimeviously
known. It is i mportant to note that Gl enna
properties, sometimes to activities, sometimes to phenomena, and sometimes to laws. Perhaps
it is possible to assign this disparity because of hisgmtion of mechanisms as complex
systems, where a mechanism may possess different other mechanisms within, underlying its
behavior, as he beautifully calls thelymorphous behavior of complex syst¢@GSENNAN
1996). The author uses two simple systemstoahstrate how they can be analyzed in terms
of his definition of mechanism: a float valve and a voltage swiketues VIl and IX). In
turn, to exemplify the idea of complex systems he uses the homalgn

The float valve Eigure VIII) is a mechanism that regulates the water level in a tank.
According to Glennanés definition of mechar
the water level while the behavior ofetlmechanism is the maintenance of the water level in
the tank. It is possible to identify its parts: tank, valve, pressurized water source, lever and

float. The causal interaction between the parts in the mechanism is represetiteddat
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attached to &ever; this lever opens and closes an intakge/alVhenever the lever is down,

the intake valve is open and allows water to fill the tank. When the lever is raised to a certain
point, the intake valve closes, stopping the flow of water. The float ig/leenugh that in the
absence of water it will pull the lever down, opening the intake valve (GLENNAN 1996).

Figure VIII : A float valveas a mechanism

........... N

Pressurized

Water Source
Source: gtracted from Glennan (1996).

The second example is a voltage switElggre 1X). This example is really interesting

because this mechanism is not triggered by a mechanical switch, but by an electrical impulse.

Figure IX: A voltage switch.
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Source Extracted from Glennan (1996).

The behavior of this mechanisis the variation of the input voltage,Mo the output
voltage . Its parts are the junction transistor with three terminals (the base, the emitter, and
the collector), two resistors (bias resistor and load resistor), and the terminals of a battery
(positive voltage souke rail and a ground). The property and interaction of the transistors is
given by the fluctuation on the saturation voltage (VCE). This circuit is a type of current

val ve, wh e nieVyvoltlage@ntevir@FhE bage is negative), the valve is clogkd a
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no current passes from t he e miet,volkage entaringt h e
the base is above a small positive value), the valve is open and current passes from the emitter
to the collector. When VOFF < Vin < VON, the valve is part wagm allowing restricted
current flow between the emitter and the collector (GLENNAN 1996:60).

The example Glennan uses for mechanisms as complex systems is the human body, in
particular, two subsystems: the cardiovascular and the respiratory systenss.sysiesns
possess multiple mechanismsolved, say, ippumping blood, inhaling oxygen, and exhaling
carbondioxide. If one considers the behavior of oxygenating the blood, for instance, it is
possible to consider both systems as components of a sole msechaven though they
divide the body into different parts. The parts of the cardiovascular system are heart, veins,
arteries, capillaries, etc. And the parts of the respiratory system are lungs, diaphragm,
windpipe, mouth, etc. Glennan states that thepgmies of both systems overlap atieir
boundaries are only delimited according to the behavior in question.

Mechanisms as complex systems were formerly discussed by Wimsatt (1994) and
posteriorly by Glennan (1996, 2002),0 Craver (2000), Craver (2002007), Bechtel &
Richardson ([1993] 2010)among other autharsThese treatments, which harbor earlier
propositions of systems as hierarchical levels (SALTHE 19Bijufe X), provide the basis
for the elaboration of the heurisfi hi er ar ¢ hi Be&atl41.3 ih ouuwotk.ur e 0 (

Figure X: Sal t h ematie vielvs dd lgeraecinical structures: (a)
compositional hierarchy of nested entities; (b) control hierarchy

E
3

Source:modified from Salth€198510).

The most welknown scheme representing mechanisms with hierarchies is exposed by
Craver (2001, 2002, 2007Figure XI) . According to this authot
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and activities organized such that they exhibit éxplanandump henomenono ( CR
2007:6) . Craver6s analysis of hierarchies
mechanism@parts and is basically derived from C
At the top of the schema is the phenometmie explained or the behavior, symbolically
represented by the Greek letigr while the mechanism of is represented by the lett&r
therefore, the mechanism of the phenomend@y i81g. At the bottom of the schema or at the

lower level are the entés (circles) and the activities (arrows) $f-ing. The components

entities ofS are represented by and the activities of the components are represented by
Thus, accor di ngSotgang i€ explained by the2ofg@nizatiah )of efititie§,{

X2, &y} and activities i1, U, @5 O .

Figure XI: Diagrammatic views of hierarchical structures: &aidiagrammatic view of Cumnsi

analysisof r ol e functions; and (b) r epr sdedved foom
Cummins
A B
\l’(S) Phenomemon
01Xt 92(X)t vt Oa(Xim)

Mechanism

Souce:extracted from Craveg2001,2007).

The phenomenon and the mechanism producing it are surrounded by a dotted line which
represents their boundarieBiqure Xb). This suggests the idea that both mechanism and
phenomenon malye part of an external context. The outside arrows represent influences from
the external environment over the phenomenon or over some parts of the mechanism
(CRAVER 2007; BECHTEL 2015 T hi s exter nal cont ext rel a
boundaries inoucase study and wil/l be considered
age n t S=d. 41(.9.

For instance, the capacity of the circulatory syst&@nof distributing nutrients and
gases to body tissueg)(may be explained bynalyzingSd s p a rXy leart(Xsaaeyies,

Xz kidneys, andX, valves) and their activitiesi to pump,l ; to convey,u 3 to filter, andl 4
to regulate the direction of blood flow).

Decomposing mechanisms into their parts for explaining phenomenailigated by
two strategies that analyze and isolate component funcggntetic and analytical methods
(BECHTEL & RICHARDSON [1993] 2010). The analytical method can work, for instance,
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from an inhibitory experiment that isolates components physicailginvthe system to
determine their function. In turn, the same strategy can work from an excitatory experiment
that adds a stimulus to a component of the system in order to discover its behavior. The
synthetic strategy demands in turn a preliminary hypathh s about t he syste
and operation. Subsequent to this hypothesis, a model is built and empirical testing is realized
with the purpose of discovering the behavior of the system. The two strategies are
complementary. The firsbne provides empirical data and the second one provides a
theoretical framework that may ground data gathering and analysis.

Craver (2002, 2007) describes a similar approachintedevel expeimental strategy,
composed by tests of constitutive (or componential) @ndal relevancies. These strategies
concern excitatory studies, whose interventions in specific parts of the systems may suggest
causal relations between the components. This intervention may also indicate which elements

are parts of the mechanism and ethare notEigures XllandXIIl).

Figure XII : Diagram representing an interlevel experinagstrategy of
causal relevancy

Detection
. . Technique
Causal Sequence 1

—0—0—0— 00—

Intervention
Technique

Source: Craver (2007:145)

Every interlevel experimental strategy Wibssess three basic elements: (i) intervention
technique; (ii) causal sequence; and (iii) detection technique (CRAVER Za@g)e Xl
pictures an experiment of causal relevance with a single mechanistic level. Circlesowsd a
represent components and activities, respectively. The intervention occurs in any variable of a
causal sequence to detect any consequences in a downstream variable. Differently, in a
interlevel experiment, the intervention and detection techeigweapplied and observeat
different levels in the mechanistic hierarchy. The intervention may occur in different spots
according to two different strategies: the bottomexperiment anthetop-down experiment.

In the bottorup experiment Kigure XIllII left) the intervention will occur with the

compositional elements at the level of the mechanism in order to observe changes in the

behavior or byproduct at the level of the phenomenon itself. In thdaap experiment the
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opposte approach will be used, with the interference occurring at the level of the
phenomenon in order to detect changes in the composition and activities of the mechanism at

a lower level Eigure XIllII right). Thus, interlevel exparients verify the correlation between

the phenomenon, i.e., thexplanandum,at a higher level and the components of the
mechanism, i.e. thexplanansat a lower level (CRAVER 2007:145).

Figure XIII ;: Diagrans representingwo different strategies fanterlevel experimertgt (bottomup
and topdown experiments)

SourceCraver(2007:146).

Darden 2002, 2006) suggests a different alternative to identify and construct
mechani smés el ements and activities,emar to
instantiation and the forward/backward chaining. The first one involves filling roles in an
overall mechanism while the second one eliminates gaps using knowledge about types of
entities and activities. The second stratdggwardbackward chaininghas two subtypes: one
for entities andarother for activities. Tanvestigateentities during forward chaining, one may
use what is knowasthe activity-enabling properties of entitie$his allows one to speculate
the kinds of activitiesvith which an enity can engage. Alternatively, there is thetivity
consequencesvhere oe may use knowledgaboutan activity in the mechanism orderto
conjecture the consequences of that activityldoth entities and activities. Conversely, in
backward chaining,hie properties of an entity can provide clues as to the activities that
produce it,a sort of anactivity signaturel a property that signals to the researcher the prior
occurrence of some activity. Alternatively, during backward chaining, one mayefitigl
signaturesof activities, that is, properties of activities that provide clues as to what entities in

a prior stage may have led to the occurrence of those act(B#d2DEN 2006:89)




























































































































































































































































