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Giant Cretaceous octopuses le ti1 jé top predators —
sugbon evidence bere pelu jaws, ki 1 se sea monsters

Paper kan ninii Science tiin sayéwo huge Cretaceous cephalopod jaws, 6 si jiyan pé Nanaimoteuthis species
méji jé early finned octopuses, pélii body-size estimates t6 dé several meters, boyd dé 18.6 m. Heavy jaw
wear 7i daba hard-prey crushing; asymmetric wear 1é téka si lateralized behavior. O jé fossil story té
spectacular, sugbon clean version ki i se ‘kraken jé gidi’: 6 jé reconstruction ldti jaws, wear patterns,
taxonomy ati scaling.
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Itan kraken, ti a yo gbogbo aseju kiro, t6 si ki si fossil

Fossil jaw ki 1 se eranko. o} jé apd lile t6 ku lara ara rird, fragment kan ti paleontologists gbddo fi tiin anatomy,
ihiiwasi ati ecology se ldise bi eni pé wén ri eranko nda nigba t6 wa laaye. Idi niyen ti iwé iwadii yif fi i fa &niyan
mora to, t6 si rorun lati oversimplify. akolé té i1 fa méni ni: octopus 1ild bi kraken ni won 11 sakéso okun Cretaceous.
¢da t6 sora dara ju: fossil jaws ti preservation won ddra gan-an i daba pé di¢ lara awon finned octopuses akoko ti
a mo jé carnivore 1ild, ti won mda 1 fo hard prey 1éraléra, ti won si ¢ ti wa ni top tier ti Late Cretaceous marine

food webs.

Eyi si spectacular. Sigbén 6 ye ké ka a gégé bi reconstruction lti jaw, wear apeere, taxonomy ati body-size scaling

— ki 1 se sea-monster itan.

Giant Cretaceous
finned octopuses
(artist’s reconstruction)

From worn fossil lower jaws and
body-size estimates: large active
predators, capable of crushing

hard prey.

’ g X - Nanaimoteuthis haggarti
EROIRrG © © i ~6.6-18.6 m total length

Nanaimoteuthis jeletzkyi
~2.8-7.7 m total length

FOSSIL EVIDENCE:
worn lower jaws

Boundary: jaws, not whole bodies; top-predator
role inferred, not directly observed.
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Artist reconstruction ti species Nanaimoteuthis méji ti iwé iwadii n jiroro, pelu fossil lower jaws gégé bi eri taara
léyin body-size reconstruction. Image naa jé reconstruction, ki i se fossil photograph: jaws ni eri ti 6 preserved,
nigba ti body length ati top-predator role jé inference lati scaling, wear apeere ati ecology.

Original hybrid diagram — The Clean Paper CC BY 4.0
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Ohun ti awon olukowé se

Awon olikowé tiin se ayewo fossil jaws lati Cretaceous octobrachian cephalopods — egbé té gbooro ti octopus
ati relatives r¢ wa ninu r¢. Jaws 1ild 15 ni a ti royin téle¢ lati Japan ati Vancouver Island. egb¢ néa tin ri jaw mii 12

nind carbonate concretions marun-un lati Japan peld digital fossil-mining.

Method nda darapo high-resolution, full-color grinding tomography peld zero-shot learning Al awose, iyen awose
ti a ko train specifically 16ri fossils wonyi. Wén grind concretion kookan ni 50-micrometer intervals, won si
photograph oju tuntun kookan 14ti d4 sequence color images ild. Segmentation awose ti a i p¢ ni DEVA da digital
outline, tabi mask, fin jaw nind image kookan. Awon oluwadii sayewd outline wonyi peli original images, 1éyin
naa won stack, won si join won si minimally smoothed, original-color 3D awose. Eyi jé ki won ri jaw t6 farapamé
sind apdta, ki won si sayewo chip, scratch ati wear abud4 t6 kékeré 16ri oju. Grinding tomography pa apdta apeere

marun-in nda run, sugbon image dita, masks ati 3D awose ni won archive.
L¢yin nda wén se ohun mérin té so mé ara won.

Akokd, won revise taxonomy. Fossil jaws ti a ti pin si species martin-tin ni won tin seto si species méji: Nanaimo-
teuthis jeletzkyi ati Nanaimoteuthis haggarti. Genus naa, ti a ti ka si relative vampire squid tél¢, ni iwé iwadii

yii fi sind Cirrata, finned octopuses.

Eléekeji, won fa timeline naa si ¢yin. Material tuntun nda md N. jeletzkyi dé earliest Cenomanian, ni ayikd 100
million years ago, 6 si fa akosil¢ ti a mo fin finned octopuses si ¢yin ni t6 15 million years, ati octopuses ni

gbogbogbo ni té 5 million years.

Eléeketa, won isiro afojustun body iwon lati jaw iwon. Peld allometric relationships lati modern long-bodied finned
octopuses, won isiro afojistin mantle length, 1€yin naa total length. Estimate won gbooro: N. jeletzKyi l¢ dé t6 2.8
si 7.7 meters total length, N. haggarti si t6 6.6 si 18.6 meters. Upper aala yii ni ibi ti “kraken” ¢d¢ ti wa.

Supplementary Ona fi scaling chain nda han gbangba. Nibi t6 ye, wén reconstruct worn tabi weathered jaw outline,
léyin nda won lo 12 species-specific relationships ldadrin lower-jaw hood length ati mantle length. Wén se
account fun average 39% fixation shrinkage nind relevant modern specimens, won si yi mantle length pada si
total length peld ratio 4.2 ti won ri 14ti long-bodied living finned octopuses. Yiyan wonyi i fin aala, ki i se taara

measurement ti fossil body.

Eléekerin, won sayewo wear. Awon jaw t6 tébi ju jé blunt ati rounded ni ibi ti juvenile maa ni sharper jaw elements.
Wén ni chips, scratches, polished ojd, cracks ati asymmetric loss ni jaw edges. Awon olukowé timo eyi gégé bi

eri ti repeated hard-prey crushing, ati boya lateralized thuwasi.

Ohun ti won ri

O seé se gan-an pé wén jé early finned octopuses, ki i se vampire squids. Supplementary taxonomy ya step
méji té so mé ara won. Bridge kookan jé strip jaw ohun elo t6 so hood mé lateral wall. Nini Nanaimoteuthis,
bridge wonyi farapamé patapata 14b¢ inner ati outer jaw plates, apeere kan t6 se atiléyin fin placement genus nda
nint Cirrata. Broad jaw wings r& tin se atiléyin fin assignment si long-bodied egbé ti finned octopuses. Eyi se
pataki nitori iwé iwadii ki 1 kan so “large cephalopod”; ¢ 1i yi ibi ti fossil wonyi wa nint octopus history pada.
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Wén ti pé gan-an. New specimens nda fi finned octopuses si ayikd 100 million years ago, ni Late Cretaceous.

Eyi mu won j¢ di¢ 14ra octopus-line animals akoko ti a mo.

Wén lé ti tobi gan-an. Body-size isird afojasin ki 1 se single measurement l4ti preserved body; won jé calculations
lati jaws. Stugbdn ndmba nda 1l paapaa nigba td a ba so 6 peli isora. Species kékeré, N. jeletzkyi, ni a isird afojisun
si several meters total length. Species t6 tobi, N. haggarti, 1& dé upper isiro afojisun té 18.6 meters, t6 jo scale ti

marine predators té tébi ju ni akoko naa ati largest living cephalopods.

Jaws naa ni wear pup¢. Nind specimens t6 tébi ju, jaw ohun €10 t6 sonu dé t6 10% ti total jaw length. iwé
iwddii jiyan pé wear yii ki 1 se preparation damage tabi transport abrasion: specimens w4 14ti low-energy outer-
shelf deposits, chips ati scratches preserved 19na té ba 10 mu, co-occurring fossil squid jaws ko si fi apeere kan

naa han. Awon olikowé fi wear n42 wé modern durophagous cephalopods — eranko t6 1 je hard prey.

Wear naa jé asymmetric. Right jaw edge ni wear ptp0 ju left lo nind species méjeeji. Awon olukowé timo eyi
si se€ se behavioral lateralization: preference lati lo side kan ju ekeji lo. Nitori lateralized thuwasi i ni association
peld complex nervous etod nind modern animals, won daba pé octopuses atijé wonyi le ti ni advanced intelligence.

Ohun i eyi se€ tamo si

Ecological interpretation t6 ldgbéra ju ni pé finned octopuses ni Late Cretaceous ki 1 se gbogbo won ni small abéle
animals nind ecosystem ti large vertebrates i dominate. Top-predator ¢ran awon olukowé darapo awdri méji:
gigantic estimated body iwdn ati durophagous carnivory — repeated processing of hard animal prey — ti a infer
lati jaw wear. Papo, awari wonyi se atiléyin fin possibility pé invertebrate lineage kan wo top tier food web ti a

sdba so m¢ mosasaurs, plesiosaurs, large fish ati sharks.

Evolutionary itan n4a tin wuni. Vertebrate marine predators ati octopus-line cephalopods gba route t6 yato si ara
won si predation. Vertebrates ni jaws, streamlined bodies, won si sdba din external armor ku. Octopus relatives
din shell ku tabi internalize r¢, won di soft-bodied ati mobile, suigbdén won pa powerful jaws ati flexible arms mo.
iwé iwadii nda frame &yi gégé bi convergent path si large, intelligent marine predators.

Apd thuwasi ni speculative ju. Extensive wear se atiléyin fun hard-prey feeding. Large iwon se atiléyin fin
ecological importance. Asymmetric wear se atilé¢yin fun seé se lateralized thuwasi. Sugbdn “advanced intelligence”
jé inference, ki 1 se fossil measurement taara. O seé gba ninud context biology octopus, suigbdn a ko gb6dd mu un

lagbéra ju eri lo.

Ohun ti eyi ko fi eri mule

« Ko preserve whole body ti giant octopus. Reconstruction da 16ri jaws ni pataki, body iwon si jé inference léti
modern finned-octopus scaling.

- Ko fi stomach contents tabi taara prey remains han. Hard-prey feeding jé inference 14ti jaw wear, ki 1 se
fossilized meal.

- Authored research article nda ko propose pé won je mosasaurs, plesiosaurs tabi large marine reptiles mii.
Research text r¢ lo awon eranko wonyi gégé bi ifiwéra ti body iwon ati ecological position nikan.
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- Ko ftn precise body length. Estimates j¢ aala, claim t6 tébi ju jé upper isiro afojisun.

- Ko measure intelligence taara. Lateralized jaw wear ni a timo si seé se behavioral lateralization, t6 1¢ daba
complex thuwasi; iyen si ni inferential steps pip0 ki a t6 mo ohun ti eranko Ie se.

« Ko timo si pé gbogbo early octopuses jé giant. Claim j¢ fin Nanaimoteuthis species wonyi, padpad N. haggarti,
ki i se gbogbo early octopus lineage.

Bawo ni eri se lagbara t6?

Fun existence ti very large Cretaceous octopus-line jaws, eri ldgbdra: iwé iwadii ni described specimens, digital

awose, stratigraphic context ati ifiwéra peld modern ati fossil cephalopod jaws.

Fuan hard-prey feeding, ¢ri tin reasonably lagbara. Wear apeere detailed — chips, scratches, polish, cracks, asym-
metric loss — awon olukowé si se effort lati exclude preparation damage ati transport abrasion. ifiwéra pela

modern durophagous cephalopods jé bridge t6 seé gba.

Fuin exact body iwon ati top-predator status, igbéke¢lé ye ki 6 jé moderate. Size isir0o afojisun dé 16ri allometric
scaling l4ti living long-bodied finned octopuses. Ecological role jé inference lati combination estimated iwon ati
durophagous carnivory, ki i se taara observation. Argument nda coherent, suigbén 6 jé ecological reconstruction,
ki 1 se taara census ti food web.

Ki nidi ti 6 fi se pataki?

iwé twadii yii jé example t6 dda ti bi paleontology se 1& se lagbdra claims lati partial eri 1aisi magic. Jaw ni object.
Wear ni behavioral trace. Scaling curve ni bridge lati hard fossil si soft body. Step kookan 1i fi power ktin un, step
kookan si 11 fi uncertainty kin un. Lesson yen ni 6 ye kd pa mg.

O ttin correct familiar picture. A saba foju inti Cretaceous oceans gégé bi ayé large vertebrate predators ati smaller
shelled prey. Fossils wonyi i daba pé di¢ ldra soft-bodied invertebrates ko kan 1i farapamé ni abé food web nda. O
seé se ki won mda compete ni upper ipele re.

&si nda visual gan-an, sugbdn clean itan ki 1 se “kraken jé gidi.” O jé pé large, early finned octopuses fi jaws sile,
lati ind won ni awon oluwddii se reconstruct gigantic bodies ati repeated hard-prey feeding — combination t6 fi
fin serious, sugbdn inferential, oran pé invertebrate top predators wa ni age of marine reptiles.

Akotan kedere

Awon oluwadii tin sayeéwo Cretaceous fossil cephalopod jaws l4ti Japan ati Vancouver Island, wén si lo full-color
grinding tomography peld zero-shot Al segmentation lati digitally reconstruct hidden jaws gégé bi detailed 3D
specimens lati Japanese apata. Won tin organize fossil taxa si species Nanaimoteuthis méji, ti won timo si

early finned octopuses. Fossils naa fa akosil¢ finned octopuses si t6 100 million years ago. Lati jaw-size scaling,
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awon olukowé isird afojusun total lengths t6 2.8-7.7 m fin N. jeletzkyi ati 6.6-18.6 m ftin N. haggarti. Heavy
jaw wear — chips, scratches, polish, cracks ati asymmetric edge loss — 1i daba repeated hard-prey crushing ati
bdyé lateralized thuwasi. Gigantic estimated iwon peli durophagous carnivory se atiléyin fun interpretation pé
octopuses wonyi e ti wa ni top tier marine food webs. ¢ri ko ni whole bodies, exact lengths, identified prey tabi
taara measurements of intelligence. Authored research article ko propose predation 16ri large marine reptiles.

Ayewd l4isi asejil

Ohun ti iwé iwadii fi han: Large Cretaceous octopus-line jaws, ti a revise si Nanaimoteuthis species méji, ti a si
fi sind finned octopuses; akosile Cirrata t6 ti pé si i; body-size isir0 afojustn t6 dé several meters, boya dé 18.6 m;

extensive adult jaw wear t6 ba hard-prey feeding mu; asymmetric wear t6 ba seé se lateralized thuwasi mu.

Ohun t6 seé gba sugbon ti a ko fi eri mile: Pé N. haggarti jé Okan ldra invertebrates t6 tobi ju lo ti a ti mo;
pé awon eranko yii jé true top predators; pé asymmetric wear 1 fi behavioral lateralization ati advanced cognition
han.

Ohun ti ko fi han: Whole-body fossils; taara prey tabi stomach contents; exact body lengths; predation 16ri large
marine reptiles; &ri taara of intelligence; pé gbogbo early octopuses jé giants.

Main limitations: Body iwon jé inference p¢ld multi-step jaw-to-mantle-to-total-length scaling awose; top-
predator status jé inference lati estimated iwon + durophagous carnivory; ihiwasi jé inference 1ati asymmetric
wear; fossils preserve jaws, ki i se whole animals tabi taara prey.

Confidence wo ni ghogbogbo reader ye ki 6 ni? Giga pé fossils wonyi ni very large early finned-octopus jaws
pela lagbdra wear ¢ri. Medium pé largest animals dé upper end 6.6-18.6 m isiro afojusun. Medium pé woén j¢€ true
top predators dipo large hard-prey carnivores nikan. Kéré pé a 1& so ohun kan specific nipa intelligence won. Ipd
t6 ye: fossil itan té spectacular, sugbdn ti a ko lati jaws ati inference, ki i se complete sea monster.

Awon atunse léyin itéjade

. Atinse - 2026-07-26

Léyin feedback lati corresponding author Yasuhiro Iba, a so ni kedere pé authored research article
lo large marine reptiles gégeé bi comparison, ki i se prey, a si salayé iyato ldaarin authored research
article ati separate Editor's Summary ti Science nipa prey attribution. A tun gbooro digital fossil-mining
method ati top-predator evidence, a si sayewo complete supplementary package.
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Supplementary methods, text, figures S1-S6, and references
https://www.science.org/doi/suppl/10.1126/science.aea6285/suppl_file/science.aea6285_sm.
pdf

Supplementary tables S1-S6
https://www.science.org/doi/suppl/10.1126/science.aea6285/suppl_file/science.aeab285_
tables_sl1_to_s6.zip

MDAR reproducibility checklist
https://www.science.org/doi/suppl/10.1126/science.aea6285/suppl_file/science.aeab285_
mdar_reproducibility_checklist.pdf

Fossil lower jaws dataset — Figshare
https://doi.org/10.6084/m9.figshare.27933759

Tomographic animations — Figshare
https://doi.org/10.6084/m9.figshare.27935904

CPU-enabled Al segmentation code — Zenodo
https://doi.org/10.5281/zenodo. 15176344
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