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The take­home: Explanations in the life sciences are often

defended for or evaluated on their integrative promise.
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ExplanatoryVirtues



What are the characteristics of a theory which

scientists value and which guide them in their

choice to adopt one theory or another? In other

words, what are the virtues of a scientific

theory? (Schindler 2018, 5)
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Explanatory virtues are values which explanations

(or potential explanations) exemplify, that lead to

those explanations being preferred (or sought) by

scientists.

All else equal, we will tend to prefer theories that

produce explanations bearing these qualities – there

is thus a tight link between theoretical and

explanatory virtues.
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These five characteristics—accuracy,

consistency, scope, simplicity, and

fruitfulness—are all standard criteria for

evaluating the adequacy of a theory. (Kuhn

1977, p. 322)
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A FewOthers

• testability

• lack of ad­hoc components

• symmetry

• visualizability

• conservativeness
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Patterns of ExplanatoryVirtue
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Integration
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Candida tsuchiyae

Clavispora lusitaniae

Candida melibiosica

Candida torresii

Metschnikowia bicuspidata

Candida agrestis

Metschnikowia reukaufii

Metschnikowia pulcherrim
a

Candida mogii

Brettanomyces bruxellensis

Dekkera bruxellensis
Dekkera anomala

Brettanomyces anomalus

Dekkera custersiana

Dekkera naardenensis

Candida insectalens
Candida silvatica

Issatchenkia orientalis

Pichia membranaefaciens

Candida spandovensis
Candida apicola
Candida bombi

Starmerella bombicola

Candida geochares
Candida vaccinii

Endomyces geotrichum

Galactomyces geotrichum

Dipodascus albidus

Candida chiropterorum

Candida valdiviana
Candida drimydis

Waltomyces lipofer

Dipodascopsis uninucleata

Protomyces macrosporus

Protomyces pachydermus
Protomyces inouyei

Protomyces lactucae
Taphrina virginica
Taphrina carnea

Taphrina pruni subcordatae
Taphrina mirabilisTaphrina nana

Taphrina pruni
Taphrina ulmi

Taphrina communis
Taphrina flavorubra
Taphrina populina

Taphrina deformans
Taphrina wiesneri

Taphrina robinsoniana
Taphrina letifera

Neolecta vitellina
Neolecta irregularis

Saitoella complicata

Schizosaccharomyces pombe

Schizosaccharomyces japonicus
Pneumocystis carinii

Calicium tricolor
Taphrina maculans

Taphrina californica
Chytridium confervae

Neocallimastix frontalis
Neocallimastix joyonii
Piromonas communis

Spizellomyces acuminatus

Allomyces macrogynus

Blastocladiella emersonii
Chrysops niger

Drosophila melanogaster
Ceratitis capitata
Ornithoica vicina

Nephrotoma altissima
Lutzomyia shannoni

Aedes albopictusAedes aegyptiAedes punctor

Toxorhynchites ambionensis
Culex tritaeniorhynchus

Anopheles psuedopunctipennis
Anopheles albimanus

Eucorethra underwoodi
Dixella cornuta

Culicoides variipennis
Amblabesmia rhamphe

Simulium vittatumXenos vesparumStylops melittae
Mengenilla chobauti
Galleria mellonella

Archaeopsylla erinacei
Panorpa germanica

Anisochrysa carneaOliarces clara
Monolobus ovalipennis

Antarctonomus complanatusLoricera foveata
Loricera pilicornis pilicornis

Amarotypus edwardsi
Bembidion mexicanum

Bembidion levettei carrianumAsaphidion curtumDiplous californicusPatrobus longicornis
Pericompsus laetulusDiplochaetus planatusZolus helmsi

Merizodus angusticollisSloaneana tasmaniaeBatesiana hilarisSchizogenius falliClivina ferreaDyschirius sphaericollisMelisodera picipennisMecyclothorax vulcansAmblytelus curtusApotomus rufithoraxBroscosoma relictumCreobius eydouxiGalerita lecontei leconteiPseudaptinus rufulusAptinus displosorPterostichus melanariusTetragonoderus latipennisDiscoderus cordicollisChlaenius ruficaudaCalybe laetulaAmara apricariaAgonum extensicolleCymindis punctigeraLoxandrus n sp nr amplithoraCnemalobus sulciferusCatapiesis brasiliensisMorion aridusBrachinus armigerBrachinus hirsutusPheropsophus aequinoctialisPasimachus atronitensScarites subterraneusCarenum interruptumSiagona europaeaSiagona jennisoniClinidium calcaratumOmoglymmius hamatusOmus californicusCicindela sedecimpunctata
Metrius contractusPachyteles striolaCymbionotum semelederiCymbionotum pictulumGehringia olympicaPromecognathus crassusLaccocenus ambiguusOmophron obliteratum
Psydrus piceusCeroglossus chilensisPamborus gueriniiCalosoma scrutatorCarabus nemoralisScaphinotus petersi catalinae

Cychrus italicusOpisthius richardsoniLeistus ferruginosus
Nebria hudsonicaNotiophilus semiopacusTrachypachus gibbsiiTrachypachus holmbergiSystolosoma lateritiumElaphrus californicus

Elaphrus clairvilleiBlethisa multipunctata aurata
Mecodema fulgidum

Oregus aereus
Suphis inflatusCopelatus chevrolati renovatusHydroscapha natans

Xanthopyga cacti
Dynastes granti
Tenebrio molitor

Meloe proscarabaeus
Clambus arnetti

Phaeostigma notata
Leptothorax acervorum

Polistes dominulus
Graphosoma lineatum
Raphigaster nebulosa

Lygus hesperus
Hemiowoodwardia wilsoni

Hackeriella veitchi
Spissistilus festinus
Prokelisia marginata
Philaenus spumarius
Okanagana utahensis

Trioza eugeniae
Pealius kelloggii

Acyrthosiphon pisum
Aonidiella aurantii

Batrachideidae gen sp
Carausius morosus
Acheta domesticus
Mesoperlina pecircai

Aeschna cyanea
Lepisma saccharina

Lepidocyrtus paradoxus
Crossodonthina koreana

Hypogastrura dolsana
Podura aquatica

Theatops erythrocephala
Scolopendra cingulata

Cryptops trisulcatus

Craterostigmus tasmanianus
Lithobius variegatus

Scutigera coleoptrata

Pseudohimantarium mediterraneum

Clinopodes poseidonis

Cylindroiulus punctatus

Polydesmus coriaceus

Rhipicephalus appendiculatus

Hyalomma lusitanicum

Hyalomma rufipes

Hyalomma dromedarii

Rhipicephalus sanguineus

Boophilus microplus

Rhipicephalus zambeziensis

Rhipicephalus bursa

Boophilus annulatus

Rhipicephalus pusillus

Dermacentor andersoni

Dermacentor marginatus

Amblyomma triguttatum triguttat

Amblyomma vikirri

Aponomma fimbriatum

Aponomma latum

Amblyomma variegatum

Amblyomma tuberculatum

Amblyomma americanum

Amblyomma maculatum

Haemaphysalis inermis

Haemaphysalis punctata

Haemaphysalis leporispalustris

Haemaphysalis humerosa

Haemaphysalis petrogalis

Haemaphysalis leachi

Aponomma undatum

Aponomma concolor

Ixodes auritulus

Ixodes ricinus

Ixodes affinis

Ixodes pilosus

Ixodes cookei

Ixodes simplex simplex

Ixodes kopsteini

Ixodes holocyclus

Carios puertoricensis

Ornithodoros moubata

Ornithodoros coriaceus

Otobius megnini

Argas lahorensis

Argas persicus

Megisthanus floridanus

Cosmolaelaps trifidus

Hypochthonius rufulus

Lohmannia banksi

Nothrus sylvestris

Xenillus tegeocranus

Euzetes globulosus

Allonothrus russeolus

Archegozetes longisetosus

Trhypochthonius tectorum

Nehypochthonius porosus

Steganacarus magnus

Gehypochthonius urticinus

Chortoglyphus arcuatus

Acarus siro

Eusimonia wunderlichi

Androctonus australis

Liphistius bicoloripes

Eurypelma californica

Odiellus troguloides

Pseudocellus pearsei

Limulus polyphemus

Callipallene gen sp

Berndtia purpurea

Trypetesa lampas

Octolasmis lowei

Paralepas palinuri

Lepas anatifera

Balanus eburneus

Chelonibia patula

Tetraclita stalactifera

Chthamalus fragilis

Verruca spengleri

Ibla cumingi

Calantica villosa

Loxothylacus texanus

Dendrogaster asterinae

Ulophysema oeresundense

Palaemonetes kadiakensis

Helice tridens

Philyra pisum

Callinectes sapidus

Pugettia quadridens

Raninoides louisianensis

Procambarus leonensis

Astacus astacus

Nephrops norvegicus

Panulirus argus

Oedignathus inermis

Penaeus aztecus

Stenopus hispidus

Artemia salina

Branchinecta packardi

Daphnia pulex

Bosmina longirostris

Daphnia galeata

Stenocypris major

Argulus nobilis

Porocephalus crotali

Milnesium tardigradum

Macrobiotus hufelandi

Thulinia stephaniae

Echiniscus viridissimus

Euperipatoides leuckarti

Priapulus caudatus

Pycnophyes kielensis

Helix aspersa

Balea biplicata

Limicolaria kambeul

Laevicaulis alte

Onchidella celtica

Siphonaria algesirae

Anthosiphonaria sirius

Lymnaea glabra

Stagnicola palustris

Lymnaea stagnalis

Radix peregra

Lymnaea auricularia

Fossaria truncatula

Bakerilymnaea cubensis

Biomphalaria glabrata

Littorina obtusata

Littorina littorea

Fasciolaria lignaria

Nassarius singuinjorensis

Pisania striata

Reishia bronni

Thais clavigera

Rapana venosa

Bursa rana

Monodonta labio

Antalis vulgaris

Scutopus ventrolineatus

Arctica islandica

Mercenaria mercenaria

Spisula subtruncata

Mulinia lateralis

Spisula solida

Spisula solidissima

Tresus nuttali

Tresus capax

Mactromeris polynyma

Hippopus hippopus

Hippopus porcellanus

Tridacna squamosa

Tridacna crocea

Tridacna maxima

Tridacna derasa

Tridacna gigas

Vasticardium flavum

Fulvia mutica

Fragum unedo

Fragum fragum

Corculum cardissa

Galeomma takii

Ostrea edulis

Crassostrea virginica

Nerita albicilla

Mytilus edulis

Mytilus trossulus

Mytilus galloprovincialis

Mytilus californianus

Geukensia demissa

Mimachlamys varia

Chlamys hastata

Crassadoma gigantea

Pecten maximus

Argopecten gibbus

Argopecten irradians

Placopecten magellanicus

Chlamys islandica

Atrina pectinata

Arca noae

Barbatia virescens

Acanthopleura japonica

Lepidochitona corrugata

Lepidozona coreanica

Eohemithyris grayii

Platidia anomioides

Stenosarina crosnieri

Gryphus vitreus

Thecidellina blochmanii

Cancellothyris hedleyi

Terebratulina retusa

Liothyrella neozelanica

Liothyrella uva

Gwynia capsula

Calloria inconspicua

Gyrothyris mawsoni

Neothyris parva

Terebratalia transversa

Macandrevia cranium

Fallax neocaledonensis

Laqueus californianus

Megerlia truncata

Terebratella sanguinea

Notosaria nigricans

Hemithyris psittaceae

Neocrania anomala

Neocrania huttoni

Discina striata

Glottidia pyramidata

Lingula lingua

Lingula anatina

Phoronis architecta

Phoronis psammophila

Phoronis vancouverensis

Alboglossiphonia heteroclita

Hirudo medicinalis

Haemopis sanguisuga

Barbronia weberi

Eisenia fetida

Lumbricus rubellus

Dero digitata

Xironogiton victoriensis

Sathodrilus attenuatus

Nereis virens

Aphrodita aculeata

Nereis limbata

Capitella capitata

Harmothoe impar

Sabella pavonina

Magelona mirabilis

Scoloplos armiger

Polydora ciliata

Pygospio elegans

Lanice conchilega

Nephtys hombergii

Glycera americana

Dodecaceria concharum

Chaetopterus variopedatus

Siboglinum fiordicum

Ridgeia piscesae

Ochetostoma erythrogrammon

Pedicellina cernua

Barentsia hildegardae

Barentsia benedeni

Symbion pandora

Plumatella repens

Alcyonidium gelatinosum

Porania pulvillus

Asterias amurensis

Astropecten irregularis

Stomopneustes variolaris

Mespilia globulus

Temnopleurus hardwickii

Salmacis sphaeroides

Tripneustes gratilla

Ophiopholis aculeta

Strongylocentrotus intermedius

Colobocentrotus atratus

Echinus esculentus

Sphaerechinus granularis

Psammechinus miliaris

Diadema setosum

Centrostephanus coronatus

Eucidaris tribuloides

Fellaster zelandiae

Cassidulus mitis

Echinodiscus bisperforatus

Encope aberrans

Echinocardium cordatum

Brissopsis lyrifera

Meoma ventricosa

Arbacia lixula

Asthenosoma owstoni

Psychropotes longicauda

Cucumaria sykion

Lipotrapeza vestiens

Stichopus japonicus

Ophiocanops fugiens

Amphipholis squamata

Strongylocentrotus purpuratus

Ophiomyxa brevirima

Ophioplocus japonicus

Astrobrachion constrictum

Antedon serrata

Endoxocrinus parrae

Eptatretus stouti

Myxine glutinosa atlantic hagfis

Petromyzon marinus

Lampetra aepyptera

Plethodon yonhalossee

Amphiuma tridactylum

Siren intermedia

Ambystoma mexicanum

Eleutherodactylus cuneatus

Hyla cinerea

Bufo valliceps

Nesomantis thomasseti

Gastrophryne carolinensis

Xenopus laevis

Scaphiopus holbrooki

Discoglossus pictus

Grandisonia alternans

Hypogeophis rostratus

Ichthyophis bannanicus

Typhlonectes natans

Homo sapiens

Mus musculus

Rattus norvegicus

Oryctolagus cuniculus

Alligator mississippiensis

Turdus migratorius

Gallus gallus

Heterodon platyrhinos

Sceloporus undulatus

Sphenodon punctatus

Pseudemys scripta

Latimeria chalumnae

Elops hawaiiensis

Megalops atlanticus

Ophichthus rex

Echiophis punctifer

Hiodon alosoides

Albula vulpes

Salmo trutta

Oncorhynchus kisutch

Cyprinus carpio

Ictalurus punctatus

Clupea harengus

Fundulus heteroclitus

Amia calva

Lepisosteus osseus

Polyodon spathula

Sebastolobus altivelis

Rhinobatos lentiginosus

Echinorhinus cookei

Squalus acanthias

Notorynchus cepedianus

Branchiostoma floridae

Halocynthia roretzi

Styela plicata

Herdmania momus

Oikopleura dioica

Doliolum nationalis

Thalia democratica

Pyrosoma atlanticum

Ciona intestinalis

Saccoglossus kowalevskii

Balanoglossus carnosus

Dicyema acuticephalum

Dicyema orientale

Sagitta elegans

Sagitta crassa

Paraspadella gotoi

Phascolosoma granulatum

Prostoma eilhardi

Haplogonaria syltensis

Atriofonta polyvacuola

Actinoposthia beklem
ischevi

Aphanastoma virescens

Convoluta pulchra

Anaperus tvaerm
innensis

Sym
sagittifera psam

m
ophila

Convoluta roscoffensis

Convoluta naikaiensis

Anaperus biaculeatus

Paedomecynostomum bruneum

Postm
ecynostomum

 pictum

Childia groenlandica

Philom
ecynostom

um
 lapillum

Sim
plicom

orpha gigantorhabditis

Paratom
ella rubra

Dugesia subtentaculata

Dugesia ryukyuensis

Girardia tigrina

M
icroplana scharfii

Caenoplana caerulea

Australoplana sanguinea

Arthiopostia triangulata

Dugesia japonica

Dugesia iberica

Dugesia m
editerranea

Dugesia polychroa

Cura pinguis

Neppia m
ontana

M
icroplana nana

Bipalium
 kewense

Platydem
us m

anokwari

Artioposthia triangulata

Dendrocoelopsis lactea

Crenobia alpina

Polycelis nigra

Phagocata ullala

Ectoplana lim
uli

Bipalium
 trilineatum

Heronim
us m

ollis

Prosorhynchoides gracilescens

Stephanostom
um

 baccatum

Zalophotrem
a hepaticum

Nasitrem
a globicephalae

Tetracerasta blepta

Fasciola gigantica

Dicrocoelium
 dendriticum

Fasciola hepatica

Fasciolopsis buski

Echinostom
a caproni

O
pisthorchis viverrini

Calicophoron calicophorum

Schistosom
a japonicum

Schistosom
a m

ansoni

Schistosom
a spindale

Schistosom
a haem

atobium

M
ulticotyle purvisi

Lobatostom
a m

anteri

Zeuxapta seriolae

Plectanocotyle gurnardi

Diclidophora denticulata

Kuhnia scom
bri

Bivagina pagrosom
i

Neom
icrocotyle pacifica

Pseudohexabothrium
 taeniurae

Neopolystom
a spratti

Polystom
oides m

alayi

G
rillotia erinaceus

Abothrium
 gadi

Bothriocephalus scorpii

Proteocephalus exiguus

G
yrocotyle urna

Dictyocotyle coeliaca

C
alicotyle affinis

Troglocephalus rhinobatidis

Leptocotyle m
inor

Pseudom
urraytrem

a ardens

G
yrodactylus salaris

Udonella caligorum

Encotyllabe chironem
i

Bothrom
esostom

a personatum

Plagiostom
um

 cinctum

Plagiostom
um

 striatum

Plicastom
a cuticulata

Vorticeros ijim
ai

Plagiostom
um

 vittatum

Plagiostom
um

 ochroleucum

Pseudostom
um

 klosterm
anni

Pseudostom
um

 quadrioculatum

Cylindrostom
a fingalianum

C
ylindrostom

a gracilis

Pseudostom
um

 gracilis

U
lianinia m

ollissim
a

R
eisingeria hexaoculata

Urastom
a cyprinae

Archiloa rivularis

N
em

ertinoides elongatus

Planocera m
ultitentaculata

Notoplana koreana

N
otoplana australis

D
iscocelis tigrina

Pseudoceros tritriatus

Thysanozoon brocchii

G
eocentrophora sphyrocephala

G
eocentrophora baltica

M
icrostom

um
 lineare

M
acrostom

um
 tuba

Stenostom
um

 leucops aquariorum

Stenostom
um

 leucops

Eubostrichus parasitiferus

Eubostrichus topiarius

Eubostrichus dianae

C
hrom

adoropsis vivipara

D
esm

odora ovigera

Laxus oneistus

Laxus cosm
opolitus

Stilbonem
a m

ajum

R
obbea hyperm

nestra

Acanthopharynx m
icans

Plectus aquatilis

Plectus acum
inatus

C
ruznem

a tripartitum

R
habditella axei

Pellioditis typica

R
habditis blum

i

R
habditis m

yriophila

H
aem

onchus placei

H
aem

onchus sim
ilis

H
aem

onchus contortus

N
em

atodirus battus

O
stertagia ostertagi

N
ippostrongylus brasiliensis

Syngam
us trachea

H
eterorhabditis bacteriophora

C
aenorhabditis briggsae

C
aenorhabditis elegans

C
aenorhabditis vulgaris

Pelodera strongyloides

Panagrellus redivivus

Teratorhabditis palm
arum

Aduncospiculum
 halicti

Pristionchus lheritieri

D
iplogaster lethieri

Strongyloides stercoralis

Strongyloides ratti

Steinernem
a carpocapsae

Zeldia punctata

C
ephalobus oryzae

M
eloidogyne arenaria

G
lobodera pallida

Aphelenchus avenae

Pseudoterranova decipiens

Terranova caballeroi

Toxocara canis

C
ontracaecum

 m
ultipapillatum

B
aylisascaris transfuga

A
scaris suum

Parascaris equorum

A
scaris lum

bricoides

B
aylisascaris procyonis

Toxascaris leonina

Porrocaecum
 depressum

G
oezia pelagia

Iheringascaris inquies

H
ysterothylacium

 pelagicum

H
ysterothylacium

 fortalezae

H
ysterothylacium

 reliquens

H
eterocheilus tunicatus

C
ruzia am

ericana

B
rum

ptaem
ilius justini

B
rugia m

alayi

D
irofilaria im

m
itis

G
nathostom

a neoprocyonis

G
nathostom

a binucleatum

G
nathostom

a turgidum

Teratocephalus lirellus

D
aptonem

a procerus

D
iplolaim

elloides m
eyli

Paracanthonchus caecus

Pontonem
a vulgare

E
noplus brevis

E
noplus m

eridionalis

P
rism

atolaim
us interm

edius

Paratrichodorus anem
ones

Paratrichodorus pachyderm
us

Trichodorus prim
itivus

M
erm

is nigrescens

M
ylonchulus arenicolus

X
iphinem

a rivesi

Longidorus elongatus
Trichuris m

uris

Trichinella spiralis

G
ordius aquaticus

G
ordius albopunctatus

C
hordodes m

organi

R
hopalura ophiocom

ae

E
chinorhynchus gadi

Polym
orphus altm

ani

C
orynosom

a enhydri

C
entrorhynchus conspectus

P
lagiorhynchus cylindraceus

Pom
phorhynchus bulbocoli

Leptorhynchoides thecatus

N
eoechinorhynchus crassus

N
eoechinorhynchus pseudem

ydis

M
acracanthorhynchus ingens

M
oliniform

is m
oliniform

is

M
ediorhynchus grandis

P
hilodina acuticornis

B
rachionus plicatilis

Lepidoderm
ella squam

m
ata

G
nathostom

ula paradoxa

Trichoplax adhaerens
H

aliplanella lucia

Flosm
aris m

utsuensis

A
nthopleura kurogane
A

nthopleura m
idori

A
nem

onia sulcata

R
hizopsam

m
ia m

inuta
E

piactis japonica
Tubastraea aurea

A
ntipathes galapagensis

A
ntipathes lata

Parazoanthus axinellae

C
alicogorgia granulosa

B
ellonella rigida

E
uplexaura crassa

A
lcyonium

 gracillim
um

Leioptilus fim
briatus

V
irgularia gustaviana

C
oryne pusilla

H
ydra littoralis

G
ym

nangium
 hians

S
elaginopsis cornigera

Polypodium
 hydriform

e
Tripedalia cystophora

A
tolla vanhoeffeni

C
raterolophus convolvulus

M
ycale fibrexilis

M
icrociona prolifera

S
uberites ficus

A
xinella polypoides

Tetilla japonica
E

unapius fragilis
S

pongilla lacustris
E

phydatia m
uelleri

R
habdocalyptus daw

soni
S

cypha ciliata
S

ycon calcaravis
C

lathrina cerebrum
B

eroe cucum
is

M
nem

iopsis leidyi
Teleaulax am

phioxeia
H

em
iselm

is brunnescens
H

em
iselm

is virescens
H

em
iselm

is rufescens
P

lagiom
onas am

ylosa
P

roteom
onas sulcata

G
uillardia theta

G
oniom

onas truncata
A

cantham
oeba lenticulata

A
cantham

oeba pustulosa

A
cantham

oeba palestinensis
A

cantham
oeba griffini

A
cantham

oeba pearcei
A

cantham
oeba hatchetti

A
cantham

oeba stevensoni
A

cantham
oeba castellanii

A
cantham

oeba lugdunensis
A

cantham
oeba rhysodes

A
cantham

oeba royreba
A

cantham
oeba polyphaga

A
cantham

oeba culbertsoni
A

cantham
oeba healyi

A
cantham

oeba com
andoni

A
cantham

oeba tubiashi
A

cantham
oeba astronyxis

C
yanophora paradoxa

C
yanoptyche gloeocystis

G
laucocystis nostochinearum

A
rthrocardia filicula

S
erraticardia m

acm
illanii

B
ossiella orbigniana

C
alliarthron cheilosporioides
C

alliarthron tuberculosum
B

ossiella californica
C

orallina officinalis
C

orallina elongata
Jania rubens

C
heilosporum

 sagittatum
Jania crassa

H
aliptilon roseum

M
etagoniolithon chara

M
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Integration

The question of hierarchical levels of organization is

much disputed in biology; horizontal integration

across the tree of life is less directly discussed.
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What’s Different?

The choices made in the search for integration seem

to also involve other explanatory virtues. Namely,

they are:

1. stringent

2. opportunistic

3. value­laden
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Stringency and Opportunism



Stringency

In pursuing integrative promise, integration is

tempered by two factors.

First: the stringency of tests required for making the

case for integration. Successful integrations are hard

to come by, and need to be put to severe test.
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Opportunism

Second: these choices have a lot to do with what

other work is already going on – think of the

literature on the use of model organisms – or with

particular integrations between extant bodies of

knowledge.
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Value­Laden

Perhaps most importantly, these choices seem to

reflect non­epistemic value commitments –

understanding those values can be key for realizing

why scientists make the promise­based choices that

they do.
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Each year, the life sciences are becoming more and more

interdisciplinary in nature. No better example can be

given than the current pandemic, where researchers in

different fields have collaborated to bring about a rapid

research­driven response against the novel coronavirus.

We are dedicated to creating a symposium that brings

together researchers who study life sciences at different

scales and explore the interdisciplinary approaches

utilized to link the different scales of life. (EMBL PhD

Symposium: About)

20



The goal of the book as a whole: this pattern of

invocation of explanatory virtues – the ways in

which integration, stringency, opportunism, and

non­epistemic value commitments travel together –

is a phenomenon important enough to deserve its

own name and independent study, which I’m calling

integrative promise.
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commence handwaving
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Other Case Studies

1. “Theory­free” biology

2. Big data in the life sciences

3. Model organisms as integrative
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conclude handwaving

22



Some Objections



Is promise just a way of talking about

fruitfulness?
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Is promise just a way of talking

about generalization or idealization?
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Is promise just a pragmatically useful tool

for responding to a certain class of critics?
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ACase Study: Natural History



What Is Natural History?

For our purposes, natural history is the

observation and description of the natural

world, with the study of organisms and their

linkages to the environment being central.

(Tewksbury et al. 2014, p. 300)
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What Is Natural History?

At its most stereotyped, natural history has

been, and is, strictly phenomenological. This is

unexciting but not totally evil. (Bartholomew

1986, p. 326)
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What Happened?

Suddenly, [naturalists] found themselves being told that

what they had all along been accustomed to think of as

useful and even in some cases valuable scientific work

was no longer of very much moment and, worse, ought

for preference to be abandoned and a quite different

approach adopted in its stead. (Allen 1998, p. 361)
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What Happened?

In contemporary biology, much of the glamour and most

of the funding go to research on the lower levels of

integration. At these levels active researchers generally

agree on the key questions. This consensus is so

complete that we see large numbers of highly intelligent

investigators with a trasure trove of instrumentation and

techniques all concentrating on a few questions.

(Bartholomew 1986, p. 328)
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Why is this Bad?

Knowing natural history allows an investigator to phrase

questions with precision. It facilitates synthesis from

lower to higher levels of integration and can help orient

those biological sectors that focus on physiological

mechanisms and issues far removed from the organisms

they make up. (Bartholomew 1986, p. 328)
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Why is this Bad?

Organisms themselves embody genetics, development,

morphology, physiology and behavior, and they are the

fundamental components of populations, communities

and ecosystems. An understanding of organisms in

nature is thus integral to studies at both lower and higher

levels in the hierarchy of biological complexity… (Greene

2005, p. 24)
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DoWe Really Disagree?

The crux of the natural history tradition is the search for

order in nature. The goal of the tradition is, and always

has been, to formulate concepts that allow us to perceive

order in nature. It is the pursuit of the goal, rather than

the tools of employment, that defines the tradition and

hence the naturalist. The tools of the naturalist are

equations and sequencers, as well as binoculars and

notebook. (Arnold 2003, p. 1067)
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DoWe Really Disagree?

The dispute among us thus looks to be a red herring, an

emotional but largely inconsequential misunderstanding

that has perhaps been fueled in part by fuzzy,

interchangeable use of the words ‘theory,’ ‘models’ and

‘concept building’ on the one hand and ‘natural history,’

‘organism­focused’ and ‘empiricism’ on the other.

(Greene 2005, p. 25)
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What’s Left?

Second, Arnold expressed no concerns for the empirical

and educational aspects of natural history [sensu] stricto…

Futuyma, Dayton and I are particularly concerned that we

lack sufficient empirical reference points to move reliably

among scales of time, space and biological organization,

and that science therefore cannot adequately address

environmental dilemmas. (Greene 2005, p. 25)
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What’s Left?

The importance of systematics and natural history thus

lies in defining the boundaries and contours of

organismic diversity. […] It is because of phylogenetic

systematics that we can place special value on the

coelacanth, the tuatara, and other “living fossils,” and that

we hypothesize that chimpanzees, not gorillas, are our

closest relatives. (Greene and Losos 1988, pp. 458–459)
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What’s Left

The defense of natural history by Tewksbury et al. (2014) is

structured into the following sections:

1. Human health

2. Food security

3. Conservation and management

4. Recreation

And it’s summed up in a section titled “Natural history in

academia: Connecting science and society.”
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What’s Left?

A debate about integrative promise.

Pitting certain kinds of non­epistemic values, on the

one hand, against certain kinds of opportunistic use

of tools (like sequencing and molecular­biology

approaches) on the other, in the service of

integrative biological knowledge.
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Questions?

charles@charlespence.net • https://pencelab.be • @pence@scholar.social



Integration and Scope

1. It’s not the pursuit of empirical scope, because we find

complex reasons and arguments for scientists’ choices.

2. And it’s not the pursuit of unifying power, because the

explanations invoked here are often radically disunified.

In short: scientific practice doesn’t seem to be directed at

scope, in either of its guises.
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