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1. ABSTRACT

Squids of the family Octopoteuthidae Berry, 2Have been known to science for
nearly 250 years and have been collected from every ocean except theAdctic
Antarctic They are an ecologically important group, having been recorded dietise
of pinnipeds, sea birds, predatory fishesd cetaceanand are considered one of the
most important cephalopod prey groupsdperm whales. Despite this, tfanily has
been poorly studied due to the difficulty in identifying its spe@@sl thediversity and
systematics of the family are poorly understoben formal species descriptions have
been publishedf which six to eight a generally recogaedbut only two areeasily
identified Challenges telarifying octopoteuthid systematics include tbss of
importanttype specimensandresolving the situs ofdubious taxgpotentialjunior
synonymsand undescribed specid¢o study has previously soughtrésolve the

systematics of the entire family

Within this context, a global revision of the Octopoteuthidae is presented based on the
exanination d ~900 specimenom 12internationakepositories. Extant type material
was examined, and efforts made to locate previously established or suggstitea |
specimensOriginal descriptions and illustrations were revefor all historic taxa

and a dtical review is given of all previously affiliatktaxa Descriptions and

illustrations are provided for the bgtopoteuthid speciggcognized hera, of which

10 are novelTwo generare presentlymaintained within the familyDQctopoteuthiand
Taningia, containing 11 an& speciesrespectively Within Octopoteuthisfour
morphologicspecies groups were identified based primaniyphotophore patterning
Descriptions are given for as much of each spéoietwgeny as material allowed, and
traditiond and novel morphologic characters are critically appraised in relation to their

utility within the Octopoteuthidae.

A full description ofthe type speciesf the family and genuSctopoteuthis
OctopoteuthisiculaRuppell, 1844is given andin light of this, Octopoteuthis danae
Joubin, 1931is considered junior synonymThesecond Alantic species with two
photophores on the pesior ventral mantle idesignatedctopoteuthisnegaptera
(Verrill, 1885).Consistent with previous work&ctopoteuthigersicaNaef, 1923is

considered junior synonym oTaningiadanaeJoubin, 1931landOctopoteuthis



longipteraAkimushkin, 1963treated amomen dubiunthe status oOctopoteuthis
indicaNaef, 1923 remaingnresolved but is discusse&timilarly, definitive resolution
of the specific status aCucioteuthis unguiculatgMolina, 1783 and&noploteuthis
hartingiidVerrill, 1880, couldnotbe achieved however, ew insights were made and

their implicationsexamined

The morphologybased review was comgrhentedy concurrent multigene,
phylogenetic analys of 130 specimerfsom 13 ofthe16 proposed speci@she

largest and first targetedyenetic examination of the Octopoteuthidaenetic support
was found for almorphologically definedpeciedor which sequeces were obtained
Intra- and interfamilial relabnships areliscussed based on a synthesis of genetic and
morphologic dataand theformal rankof the newly recogised species groups

considered

Octopoteuthid species were generally foumthhabit either single ocean basins or
portions thereof, witlseveral beingnore widely sprea¢usually througbutthe

southern hemispheregpecies distributions were generally found to comprise a system
of comected water currents. Inferences regaraictgppoteuthid reproductive biology
and spawning strategy are made basedoonmulatesbservations during specimen
examinationsSpeciesspecific beako-body-size regressions were calculated for five
species, ad areview d knownoctgooteuthid predatoris provided With the

recognition of their greater diversity and more defigpécies rangethe evolutionary

history of the familyis briefly discussed.



2. INTRODUCTION

Squids of thefamylOct opot eut hi degbtarBesbsquigs)havk @dn2 ( A
known to science for nearly 250 years. They have been collected from every ocean
except the Arcti@and Antarcti¢c occupying temperate and tropical waters at depths up to
2100 m (Gome#®ereira &Tojeira 2014) Octopoteuthid squids are ecologically

important in the diets of many marine predators, including pinnipads Klages 1996;
GoodmanLowe 1998), sea birde (g, Imber 1973; Imber & Russ 1975; James & Stahl
2000), predatory fisheg (g, Okutani & Tsukada 1988; Smale 1996; Cherel & Duhamel
2004)and cetacean®(g, Kubodera & Miyazaki 1993; Gémeillota 2007), andare

of particular importance in the dsaf toothed whaledn the diet of sperm whalges
Physeter macrocephalusctopoteuthids areonsidered to be the most important family
by biomas(Clarke 1996)and nanyof theavailablelarge individualsof Taningiain
collections & exgut-content specimeng (g, Clarke 1967)Octopoteuthids are
unpalatable to humandyeto the high concentrations of ammonia incorporated into

their body tisses for buoyancy assistance (Claekal 1979), and are not

commercially exploited.

TheOctopoteuthidae amharacterised by the lack of tentadlepostlarval life stages
(having been resorbed 4L <60 mn), andarms with two series dfooks Additional
familial characters includall or some arms terminating in large photophoaes large
muscular fingn adults(theirlength65i 85% dorsal mantle length (ML andwidth 80i
110% ML) thatarefused dorsally along thenidline. As adults, species @ctgooteuthis
are generallynediumsizedsquids(ML 200 270 mm), with two species capable of
exceeding ML 500 mmSpecies oTaningiaare large to giarsized (ML 830 1310*

mm), and elsewhere have beenadpdto reach ML1700 mm(Nesis 1987).

Since the firsspecies descriptiorOctopoteuthis sicul®uppell, 1844)four genera1l3
species and two subspecies have beeibated to the Octopoteuthidaed given an
array of nameand affiliatons When t aken together with
the firstoctopoteuthidvasactuallydescribed 60 yearsarlier(i.e., Sepia unguiculata
Molina, 1783, 24 combinations of genus and speaiesne have beempplied to
octopoteuthid taxéexcluding variant generic and specific spellingspublished
literature(see Historical RRsume)Recent accounts place the number of valid genera

and species at two and g&tephen 1984, two and eight (Nesis 1987), and two and
3



seven (Young & Vecchione 2009), due to uncertainties in the gectapoteuthis
Taningiahas previosly beenconsidereanonotypic.

While descriptions ofocal taxahave beeincluded inregional reviewsd.g.,Young
1972; Lipka 1975)a global, morphologyased review has never before been
undertakerfor this family. Previous systematic treatment hagi limited to genus
level reviews(Clarke1967, Stepherl985%; Roper & Vecchiond993)or familial
reviews based opublishediterature (Clarke1966 Nesis1987) Despite their
constraints,heseefforts haveidentified dulious taxasuggested junior symyms, and
indicatedthe existence of additionahdescribed taxdowever, theyavenot
succeeded in stabilisirtge family as a wholanostly due to difficultiesvithin the

genusOctopoteuthis

Thetaxonomic instabilityof thefamily is a result of everalconverging factors: original
specieglescriptions lacking sufficient detail and illustratidime losg(four) or poor
condition(two) of type specimenriginal descriptionpublishedn six languagesind
often based orarly life stageshatarerarely indicative of adult morphology
incongstert assessment a¢dixonomically significant characters.§.,accessory claws,
tail length) the generally poor, incompletendition of specimens; and tlaek of
tentacleswhichin other families generally lae characters us$el to species
identification(e.g, Bolgad 2010).Thesefactorshave hinderethoth past efforts to
clarify the systematics of the Octopoteuthidael more recentientification of newly
collected material. 8 aresult recent studies repting on octopoteuthidsaveonly
identified specimenso genus or familyd.g, Judkinset al 2019.

The inability toidentify specimens to specibasfundamentally impedefurther study

into octopoteuthid biology and ecology, including their rolenarine food wehd.ive
observations of aningiaindividualsinteracting with a baited camera trap revealed

them to be active swimmers and (potentially) predatwsain s | uggi s h, i nact
as was previously thougfiuboderaet al.2007). Howeverpublished informatn on

their dietis limited to the contents @inly threestomachgindeed, the only three

reported foithe entire family) renderingestimation other predation pressure on

community structurer individual species impossib(8antost al. 2001a; Gonzalezt

al. 2003) Octopoteuthid beak®ften recovered from predator stomachs, have generally

beenidentified anly to genus or family{e.g, Perrinet al. 1973; Imber 1976)
4



necessitating the use of gerwisle regression equations foriesating bog size and
mass from lower beak measure®wever, genusvide patterns do nalways
accurately represent the species they conmtdirch can reduce the accuracy of
inferencegddrawn from such data, such as the relative importance of a graug diet

of marinepredators.

This research programme was undertatestabilise the systematics of the
OctopoteuthidaeAll previously reported taxa (see Tablg @&recritically revieved
valid taxaredescribed to modern standards of detall, illustnatand imagingand
unrecognised taxa synonymised (see Systemafic)mplementary phylogenetic
investigation waperformed to test morphologdyased species distinctions axplore
present morphologic and geographic patterns withievartutionaryconiext (see
Genetics) This thesis follows the taxonomic tradition fortext citations whereby only
citations for original taxon authoritiese given inauthor dated form; all other

references are given éauthor date.

2.1 Historical Resume

The firstrecogniseactopoteuthidQctopoteuthis sicul®uppell, 1844, was describéom
Messina Italy, and its lack of tentacles, large fins, and arm hagsered iboth a new

species and genus. The genus owed its name to the combinatitgpetified

A learacteristics of the speci@stopusLoligo, andEnoploteuthis , whi | e t he s
derived fom its locality(i.e.,Sicily). R¢ ppel | 6s | etter was mea
the species and he deferred to a colleague, Krohn, for its gropieation. The following

year, Krohn(1845) published a more detailed description including the first illustrations of
the species but, although referencing discussion with Ruppell, inexplicably gave the generic
n a me Octopodabeuthis .

Two years laterKrohn (1847)again changed the getenameupon discovering that

juvenileO. siculadid, in fact, bear tentacles. With the species possessing ten appendages a
one point in its |ife, the,apthefewraméoct oo
dveraniad (= Octopoteuthiswas proposechorouring his friend and colleague Vérany.
O/eraniadd, ( or o ecaayd .0, Cleehul1859)gorevailed in the literature until the

end of the 19 century as most authors agreed with the inaccurate connotation of
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dctopodoteuthié e.d, Tiberi1880; Fischer 1887; Ficalbi 189%owever, its usage ceased
following Pfefferd €1900) symnymy of &/eraniadw i tOgtopodoteuth® . T h ethee a f t
latter, Ocfopodoteuthi8, was used al most e x cHoweser, bothl vy
of K r o hgen@ric namgwere contrary to nomenclature layand hus, whie not meaning

to supplant himcredit for describing the first octopoteuthid species is given to Rippell.

Vérany (1851), the seeming third party in the discovedydascription of. siculg gave an
insightful history of the discovery of the species as well as the first illustration of an
octopoteuthid gladius. In addition, he clarified the difference between three common gener:
of hooked squidt the time Onychotethis with hooks on tentacles onlignoploteuthis

with hooks on ar Vesania witth hooks onty anctHe arsis. Thisn d 6
designation remains valid htiugh it was not immediately goled €.g, Chenu 1859).

While the uniquanorphologyof O. sicula gave the species immediate validity, its familial
placementemained ugertain. Gray (1847) first placed the species amohgsb¢topods in
the family Octopodidaelwo years later he medO. siculato his newly defined
Onychoteuthidae (Gray 1849)hespecies was alternately placed among the families
Teuthidae (Vérany 1851; Woodward 1851; Verrill 188iRceelevated to become the Order
Teuthidg, Onychoteuthidaeg(g, Adams & Adams 1858; Fischer 188&hd
Enoploteuthidaeq.g, Pfeffer 1900; Hole 1909) for the next 60 years before Chun (1910)
erected the f é&Octdpgteuthidae)r anyi daed

The terminal swellings of the arms ©f siculawere initially believed to constitute

hectocotyli (Pfeffer 1884, 1900; Weiss 1888), modifieale arnmtipsused to transfer
spermatophores to females. However, the unlikelihood that only male octopoteuthids were
being caught was quickly noted (Appellof 1889; Jatta 1,88&) soon after Pfeffer (1912)
permitted the possibility that the swellings might cansgt light organ$ a change in
directionafterpreviouslyassertinghie genus contained no light organs (Pfeffer 1900, 1908).
Two years previousl y, Ch u 0dopote(tdisdstetnled lnine t a i
to concl ude t h a tidentifrecbyAppelos(I889 were likelygphotogenic,

the first suggestion of the presence of photophores in the faeitgy (1920) similarly
suggeste®. siculami ght have @dAphot og e ralihoughbissguace ®r o n

this information wasot given



The second s p eAncistracheioubmegaptergd=Qaapaiesithisnegaptera
Verrill, 1885, was described from a specimen taken at 1300 m off New Jersey, U.S.A. No
comparison was made @ siculadespite striking similarities in grossorphology andis
apparenf a mi | i a Yerahigp(Venriil 1880, 1882). Instead, Verrill compareid hew

S pecihl¥eranypsicli, recorded fr om t Meralidwerdnyjan Oc
although at the time this species was recorded onig the Mediterranean [Hoyle 188%.
Surprisingly, the discovery of a second species in such a unique iga@ived almost no
noticei save Hoyle (1886a, i)andO. megapteravas not mentioned in prefs three

decades.

Attempting to clarify some aspisoof cephalopod nomenclature, Berry (1912) illustrated that
0Veranyi daed Ch ubeing bds8dlolthevgansric haveraniedi,d a | un
synonym ofOctopoteuthisHe recommended the use of either Octopoteuthidae or
Octopodoteuthidae, dependiogh whet her Krohndés emenati o

siculaas the type species by monotypln reference was made @ megaptera

However, in hisvork on cephalopods of the Plankton Expedition, Pfeffer (1912) maintained
the Octopoteuthidae as a subfly (Octopodoteuthingeof the Enoploteuthidae. In his

lengthy description oD. siculg Pfeffer divided the species into two forms, the oceanic and
the Mediterranegrbased primarily on size and skin structure. These lieeamehe basis

f or Gr 19p2ptecdsabspecied, siculadtlanticabandO. siculadmediterraneg
designationshatwerelargely unrecognisedPfeffer (1912) alsallied O. megapterandO.
siculafor the first time placing them in the same subfamily. However, he considered
differences in position and shape of the arm hooks to be so great thatennsw g
d@ctopodoteuthopsis (ctepoteuthily was required to accommod&de megaptera
Neverthelesshe remained uncertain about the validity gadnomic placement of his new
genus Other authors found it unnecessagd with an alliance established nbatweerO.
siculaandO. megapteramanybelieved thaD. megapteraimply represented a second
species oDctopoteuthigThiele 1935; Robson 1948; Adam 1952). Despite this,
@ctopaloteuthopsi@c ont i nued t o appear in the [|iter

possibly a result of Vossobés (1956a, 1956

Pfefferds (1912) final contribution to t]l
Cucioteuthi® wi t hi n t he Oct op Cucoteuthl®Steeastup, 1882 e h

dates back to the eighteenth century when Molina (1782) published essays on the natural
7



history of Chile. Thereirhe gave anaount,possibly partially paraphrasécmm the journal
of Joseph Bank@anks1896) the naturalisbnboard the first voyage @aptain James
Cook of a g icutlefisho floating kleadiat the surface off Chile in 1769. Molina
named t hSepmdgickunguiewtatadd, famatly described it in five words:
cuttlefish body tailless, arms clawézkbe Appendix A Both Molina and Banks specifically
detaikedthe unique doble row of arm hooks, likening theta those of a cat in that they
were retractable into fleshy sheatfisie combin#ion of the limited original description, lack
of additional material, and fantastical nature of the account, resulted inyadftaew names
proposed for the taxadn the following yearswithout any resolutior additional

description &Sepia unguicwatab(e.g, Gmelin 1789; Bosc 1802; Blainville 18Zérussac
1833 becampedlbrgpbaul ®6 Offydhoteuthis raalinge 1 8.0 ZT)h,t e
1 8 1 &9ligo unguiculat®(Blainville 1823; Férussat 8 2 Tnoplotedithis molinai
(do6éOr bi gamdE. Un§uitdatd(Gray1849; Woodward 1851; Adams & Adams
1858.

While preparing aatalogue of the HuntemaMuseumn 1829 Owencame across several
jars of fragments of a | arge cephal(Owegnod,
1881) He was informed by a colleague that jars of alcohol had been providedeph

Banks for preservation of specimens during his voyage. Among the debriamamna

fragment approximately 28 longand bearing two seried hooks a buccal bulb, a heart,

ard a dried posterior portion of a mani¥éh fins. These were taken by him ¢tonstitute the
remai ns of BWml«asfll descppgon of this materiand hisaccount of
encountering it was not published until 1881 fihst referred to the uraual arm in 1830,

and inaccompanying hawritten noteslated his attributionof theother fragmentso

Mol i nads Blaroh,t834(seahppendix B) Thirty years later, in a footnote

JohnH u n t posthireous essays on natural history, Owen pudaisis conclusion that
these pieces alll der i v e (Hunterl®6i) ANimilarirefegerics o |
was made to the specimenlbyach (1818and Gray (1849who independently stated that
anarm of a large cephalopédvh i ch borter dgidg sd n d(deteaah)i h o o k
was deposited at the Royal Museunttd College of Surgeorfs the Hunterian Museum)
Unfortunately, most othe Hunterianfragments were destroyed in thembings of WWI)

with the exception of the buccal bulb mogGtarke 1967)

Publication of omparablematerial was notade br nearly a hundred yeanstil Harting

(1861) described and i | [Enogldtevuthigshead , f Mma@gme i1
8



assumedtill with someprobabilitye isthe same as that tfefragments whiclare

preservednt he Hunt er (seedppdhdisiz u bha r Bnoplotguthisvas

recovered from the stomach of a shark caught in the Indian Ocean, and aenfsagrttents
were two large arms bearing two seriesloéathediooks. Alhoud he refrained from

ascribing a name to his specimen, Verrill (18&@emingly most interested in assuring every
specimen was attributed a narae;, e cE hadingid f, butmadetno effort to critically
compar e i tS.umguicutatde iBtmoldad®d éwhi ch he .OWwemo r1 ef
(1881L)f urt her contributed t o E meinaddsd&ocsokibby p-
Based on thenorphologyo fOny&hoteuthisaptord nomen dubium fidBolstad2010),
Owengave dlawedreconstructiorof . cooki attributing it an onychoteuthishaped

body withhooked arms but aldong, hooked tentacles

Steenstrup (1882)Cucotewthcé seJd, &Hemarangdicgla@n us, O
(Molina, 1782 onthe basis of its unique arhmook morphology, kiag sufficiently

different from bothEnoploteuthiandOnychoteuthisThe name deriwfrom the Greek

wor d c@®i®e o c o), a& monphologic reference to the swollen shape of the

armature and an acoustic reference to Captain Cook. Steeregiagtedlyemployed
the-ussuffix, while using the conventiotis for several other genera.(,

Enoploteuthiy, a spelling which was onlbut consistentlynaintained by Hoyle

(1886, 1904, 1909, 1910). Otheontemporaries 0 n v e r tCeaibteuthi® t(alJ odu b i n
1895, 1898, 1899, 1900, 1902; Pfeffer 1900, 1912), a spdilaigrevailsto this day

(as withArchiteuthisSteenstrup, 1857y0i g i Arahlteutiu® §Applying

nomenclature lawsSteenstrugg ave pr ecedence unguicutathe s peci
(Molina, 17 8 2) moovieirfhlade®d®ht e n st ecookip (L @IB&EL) Thus hed O
attributedt h e rCaungricutatéto Mo | | eorigiralslescriptionand the

characteristiarm preserved at theunterian butdid not extend it to the additional
materialdescibedby Owen (i.e., buccal bulb, heamantlefin piecg. Although
referencing Harti ngo stohgvebeen mawarewiSt eehbk 6 s |
designation For t he nextC wmgucuwatda |labyatiagiioss weorten 6
recognised as sapate species, since authors could not satisfactorily reconcile the two
(Verrill 1881, 1882; Fischer 1887).

Pfefferds (D5ZTiL2) cdwikhithe @ciogoteuttodbe was possible as a more
coherenpicture of the species had emerged by thag tifhis was largely due to the efforts

of, and new material introduced Jdyrend zoologist Joubin (1895, 1898, 1900) who
9



reported on a complete arm crown, taken from a sperm whale stomach, and a nearly
complete specimen found floating at the surface.djrtaphs show eight s bearing two
series of hooks angkoad fins extending thength of the mantle (Joubin 1900he
combinationofPf ef f er 6 s syst e matnewmatnalafordedC.s e and
unguiculatagreater taxonomic stability, arit$ placement amongctopotethidswas

readilyaccepted

While still reportedmost extensively from the Mediterraneany, Degner 1925; Digby
1949), as interest isurveying the oceans increasedsiculawas reported from further

afield: first off Irelandby Massy (1907); then south of the Azores (Murray & Hjort 1912;
Joubin 192 Japan (Sasaki 1916); around the Philippines (Voss 1963); off western USA
(Pearcy 1965); eastern Canada (Mercer 1968); the Indian Ocean (Silas 1968); from the Gu
of Guinea (Arklipkin & Shchetinnikov 1989) and around South Africa (Howtgl.2008).
Similarly, the knowndistribution ofO. megapteraxpanded from the western north Atlantic
and Gulf of Mexico €.g, Voss 1956al.ipka 1975;Cairns 1976; Lu & Roper 1979) to the
watas of New Zealand (Nesil979; the northern coast of South America (Okute983);
Namibia (Nesis 1991); eastern Japan (Kubodera & Tsuchiya 1@88}he western coast of
Turkey (Salmaret al. 2002).

Between 1920 and 194the number of named octopotkiat species tpled with the

description otwo pairs ofspecies@ctopodoteuthisndicada n @. pérsicadNaef, 1923
werebasednillustrations of larval octopoteuthids made by Chun (1910).bEwés for the
designatiorof dOctopoteuthis indicd from off the Indiancoast of South Africawas based

on its lessdeveloped arm crown at a comparable siz®.tsiculafrom the Mediterranean
although no dagnostic characters were givédctopoteuthigpersicd, fr om t he C
Aden, differed fronD. siculaandO. indicamost notably in thatrdy Arms Il bore terminal
swellings, which Naef noted constituted photophores as in all other known octopoteuthids.
Less than ten years later, tecond pair of octopoteuthids was descritbech specimens
collected dum g DdmacrusesOctopoteuthisdanaeéJoubin, 1931 wadescribed from
ajuvenilespecimen caught off the Bermuda Islaratsd was differentiated from congeners
by the presence of three pairs of photophores on the head and body and the absence of
sukers on the arm3.hesecondspeciesTaningia danagoubin, 1931, described from a
juvenile specimeraught off theCape Verde Islandsyasplaced intca new genuss it lore
photophores only at the tips of Arms Il, separating it fronkradwn octopoteutids. While

immediately noting the similarities in gross morphology betwismngiaand
10



&Cucioteuthi® , and ac k n o wlafinitg, Jonbyn maimtaenedrhis heyekus dny

the basis of the differencésfin musculature development, desghe comparisorbeing
betweerapostlarval T. danaqtotal length 68 mmanda ma t Gucioteuthi® 6 (t ot a l
length 380 mm).

The next two octopoteuthid speciédctopodoteuthid(=OctopoteuthisnielseniRobson,

1948 andiOctopodoteuthig=OctopoteuthislongipteradAkimushkin 1963 were both
inadequately described and only compared to the type sp@cisisula Robson basekis
descriptionon two small damagd specimens taken frorhé Galapagos Islandand
differentiated higO. nielsenifrom O. siculabased orthe form of itsfiadhesive organ

radular tooth morphology, lack of arm membrareslin having longeArms lll.
Akimushkind e s c rQ.lbngigtera® f r om a speci men rkecover
stomach takeoff central Brazi] which differedmog significantly fromO. siculain fin
morphology, with fin length comprising 135% of fin width compared t66%0 inO.

sicula He extrapolated thepecies distribution to the nosthestern Pacific based on the
abundance of its fAdiwhighchiarbhoseraseéedchbt
common in the stomachs of sperm whales there. The holoty@edoihgipterad has si r
been lost (Yong 1972).

I n the 19606s, Clarke began publishing ol
sperm what stomach contents obtained from the whaling industry. In 1966 he gave the first
systematic review of the Octopoteuthidae, considebiappoteuths danaesicula,

dongipterad megapterglisteduncertainlyi rOctopodoteuthopsis) Tamingia danaas

valid taxa (Clarke 1966). He noted ti@tnielseni, indicaand@ersicadwere all based on

larval specimens and could prove to be synonymous@uificulg given its wide

geographic range. In a prelude to a subsequent publication, Clarke synongniiselinaed
Harting, 186la nd s e v er a |l C. gnguecudatéfileubisl898,f190@ Clarke 1956;
Rees & Maul 1956; Clarke 198Pwith T. danae Thefollowing year, in a paper devoted
solelytoT.danae he i ndicated that Owelnebtablishedase r i
bel onging to Molinabs mp(ElarketdHMorepmpertandyn t i |
this publicationntroduceda significant amount afew material (twelve complete specimens
and several heads) coverimgpst of the ontogeny daf. danae From this, Clarke was able to
describe and illustrate in detaiktiphysical and anatomical morphology, discuss variations

observed in his specimens, and egmment o]
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distribution, diet, fecundity). This work sdified the status of . danaeand made it known

to a wider scientific adience.

Further clarifications within the family were provided by Rogeal.(1969). In a review

undertakenio purge obsolete designations t h ey r eOctopodoteuthésd t hat ¢
d/eraniad Vebanyd aQcwpodoteuthopsis wer e j u n i Octopogeythso ny ms
R¢eppell . They selected Berryods (1912) Oct

variants were used ihe literature.

The most functional original descriptibmdate of an octopoteuthid wasovided br anew
speciesrom the seas off southern Californ@ctopoteuthigleletronYoung, 1972
Octopoteuthis deletrobore a single posterior ventral mantle photophore (PVMP), a
character that disguished it from alpreviously describedctopoteuthids and gave
immediate validity to the species. In definitlgs new species, Young gave a concise, critical
review of the family. He considerél dongipteradto be anomen dubiunand discussion of

O. indicawas deferredsathe small size of the holotype precluded adequate comparisons to
congeners. Young also questioned the validity of the three Atlantic spe€esopbteuthis
believing eitheO. danaeor O. megapteravould prove to be a junior sgnym ofO. sicula

He dso briefly mentioredthe existence adsingle PVMP species in thlantic, designated
Octopoteuthisp. A,but never formally described it.

Young (1972klsor ecogni sed t he ter mi nalO.@emieddaba n g s
generic trait offaningiaJoubin, and proposed transferring it there. This was misinterpreted
as synonymisin®. gersicadwith T. danaeby later authorsg.g, Clarke 1980; Stephen

19854). Vecchione & Roper (1992) petitioned the International Commission on Zoological
Nomenclaure (ICZN)to giveT.danagpr ecedence oV eirperdiche @@niec
to stabilise the species, which was granted on the basib.tlahaevas ugd predominantly

in the literature (ICZN 1994).

Octopoteuthis rugos@larke 198Q was orighally describedn the greatestetail of all
octopoteuthid species, and fr@pecimens recovered from stomachs of sperm whales off
South Africa.Unfortunately, despite three pages of description and twenty illustrations, the
diagnostic characters for mew species were based on generic;sggcific,maturity

specific, or misinterpreted characs (Stephet98 ).
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The most comprehensive reviewo oct opot eut hi ds to date he
genusOctopoteuthisn which Stephen (1988 concluled that only six species were valid

(O. sicula megapteradanae deletron sp. A andl. danaealthough the last was not

reviewed) based primdyion photophee pattern. He documented a new character, an

eyeball photophordinding it diagnostidor O. megapteraalthoughalsopresenbn some
specimens labele@. nielseni On this basis he reject€d nielsenj believing itto bea

Pacific form ofO. megapteraand considered it along wit. dongiptera indica, persica
andrugosaasnomina dubiaHowever, enphasis was placed on Atlantic material, with the
northhwestern and soutbastern Pacific and Indian Oceans being notgdybes in geographic

coverage.

Nesis (1987) compiled an identification guide for cephalopod species around themebrld
listed he Octopoteuthidae as comprising two genéth eight or nine species. He gave keys
to identify T. danagandO. danae, deletraqqmegapterasicua, nielsenj rugosaand sp. A,

thoughO. longipterawas excludediueto its incomplete description.

In somehing of an update tGlarke (1967), Roper and Vecchione (1993) published a
detailed account dfaningia danagreporting on the largest complejgecimen to datév{L
1600 mm) taken off Massachusetts, USAlus sixteen paralarval and juvenile specimens
from Bermuda and several others from the south Atlantic and Pacific O@é&ysalso gave
a historical reviewo fC. ulnguiculaté discussed the bioluminescent capabilitie$.adanae

andgavean extensive review of its geographic distribution.

In addition to Octopoteuthisp. A Young, 1972other undescribed octopoteuthid taxa have
been alluded to in the literaturdgapanese wkers have reported over 300 specimens of an
Octopoteuthispecieswith a single PVMP but considerably wider fins ti@ndeletron
(Okutaniet al.1976; Okutani & Satak&978; Okutani & Tsukadd988) a considerably

r a r ggand Oitopoteuthispecies has been mentionedhe literature for 4Qears
(Octopoteuthi® s p sensBCiarke & MacLeodl976, 19820ctopoteuthis p .  Oséniswa n t
Clarke 19860ctopoteuthis p .  osénsusdmezVillota 2007); anda second form of
Taningia has been reported for 50 years, noted fgoagsillatedfunnel (the aperture bearing
dozens of lanceolate papillae) and nodulated skin (Clarke 1967, Heg8iget al 2010Q.

Specimens attributable to each of these forms were examitieel present atly.
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With the family becoming increasingly recognised as unstable, fewer publictacused

on its systematicglerebet al.[2016] being the only excefan in the last 20 years).eRent
publications have insteatiftedto focuson aspects of octopoteuthétology andehaviour.
These includén situobservations of hunting behaviour (Kubodetal.2007),

investigations into their reproductive biologydamating strategies (Hovireg al.2008,

2010, 2011)defensive behaviour (Bh2012),and inter and intraspecific communication
(Bush & Robison 2007; Bustt al.2009). However, all of these studies save one were based

on eitherT. danaeor O. deletronthe most readily identifiable species of the family.
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3. MATERIALS & METHOD S

3.1. Morphology

Material examined

Original descriptions and, where possible, type material of all previously described
nominal octopoteuthid taxa were examined. Preseamedresh specimens were loaned

from, or examined at, the following institutions, between June 201 Jamdary2018:

AM 08 Australian Museum, Sydney\ew South WalesAustralia

MBARI & Monterey Bay Aquarium Research Institut#gss LandingCA, USA

MCZ & Museum of Comparative Zoology, Harvaddiversity, Cambridge MA, USA
MV & Museum Victoria, Melboure, Victorig Australia

NHMUK & Natural History Museum, London, UK

NIWA o National Institute of Water & Atmospheric Research Ltd, Wellington, New
Zealand

NMNZ & Museum of New Zealand Te Papa Tongarewa, Wellington, New Zealand
NSMT & National Museum of Nature and Scientsukuba Japan

SBMNH d Santa Barbara Museum of Natural History, Santa Bar@akalJSA

USNM & National Museum of Natural History, Smithsamilmstitution, Washington,
D.C., USA

ZMH 0 Zoologisches Museum der UniveédiHamburg, Hamburg, Germany

ZMUC 6 Zoological Museum, University dopenhagen, Copenhagen, Denmark

Additional specimens were obtained from A. Escanez, M. Haimoviel, Hoving K.
Sajikumar, andR. Young for examinatiorsomeof whichwere, at thdime of writing,
not yet accessioned at a permanent repositoege are identified by their collection
data é.g, station, vessel, or dat&§ome of hesespecimens, and severatdwf older or
ex-gut-content specimens from other collections, hany partially recorded collection
data; these have been reported as completely as po&béxtion data enclosed in
singl e quot atfidletabel angaunversied(bytidalithoraérgesex ofan
unexaminedpecimen)Collection data argenerally reported in the following format:
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Accession numbey sex, sized.g, ML), latitude (CDM), longitude (DM), locality,
collectiondepth(m), bottom depth (m)collection date (dd/mrgyyy), collection time
(00:00) vessename station,collection method, collected bg.@, individual,

institution, expedition, programme)

Specimens are reported Material Examined sections in order of decreasing latitude
and secondarily by dorsalantle length (in multiple specimen lots, by MLtbé largest
specimen). Seesreported were determined solely by the author, fstx inde used

to indicate specimens too juvenile or damaged for confident determination, or where
dissection was unjusi#fd. Maturity staging was based on qualitativeevations of
reproductive tissues, and defined into three stages for males and four for females.
Immature males were individuals with narrow, thin terminal orgaaibarely

protruded anteriorly of the giartery; maturing males were those with thickenamd
lengthening terminal orgartkatstill did not protrue beyondthe anterior mantle

margin andmature males were those with fully thickened terminal organs that extended
well beyond the anterior maatimargin and contained developed spermatophoftes (o
accessible from distal tip or via dissection), and were often also themselves implanted
with spermatangia (likely selmplanted during capture). Immature females were
individuals with very small, thinnarrow nidamental glangsften difficult to dicern
amongst the connective tissues overlying the viscera; maturing females were those with
thickening and lengthening nidamental glarasgucal glandsbecoming apparent
laterally under the dilarteriesymature females had either ripe ova (large, orange
coloured, slightly translucent, detached) in the oviducts or ovary (or betly)large
prominent nidamental glandsndthickened oviducal glands which extended anteriorly
of the gill arteriesandresing females werendividuals withgreatly reduced nidamental
and oviducal glands, typically only undeveloped oegyt ovary, nidamental (and
occasionally oviducalyjlandswith a6 s h e aappeazada@seeO. siculadescription
below).Specimens that werenable to be patsvely attributed to speciesere excluded

from further reporting33 of 891 specimens examined)

Somespecimensvereexaminedearly in the studwnd attributed to speciégfore the
full diversity of the family was recognisgandre-examination was not possibiathin
thest udy 6 s . Tthosenspecimeénsmeincluded inComparative Materiabf the
species thewere most likelyattributable(with some exceptions, s&emarkunder

each species for explanatjofor species withefw positively identified specimens, this
16



supplemental materislas pl otted on distribution

potentialfull range €.g, O. nielsen). For already welrepresented species.g, O.
rugosa, distribution plots only depictgsitively identified specimens.

Additional collection acronyms used in text are:

Acc. No.d Accession number

AUT & Auckland University of Technologyuckland,New Zealand

BAMZ 6 Bermuda AquariumnMuseum and Zoo

BT & bottom temperature

BTT & bottom trawl

Co central

CASIZ o CaliforniaAcademyof Science, Invertebrate Zoologgan Francisco, CA,
USA

CSIRO8 Commonwealth Scientific and Industrial Research Organis@ostralig
DMNH 6 Delaware Museum of Naturllistory, Wilmington, DE, USA

EJ east

EtOHO ethanol

FMMWT o fine-mesh midwater trawl

FV, FRV, FSV@d fisheries vessefisheries research vessk$heries srveyvessel
IKMWT & IsaacsKidd midwater trawl

IYGPT & international Young gadoid pelagic trawl

JAMARC & Japan Marine Fishery Resources Rede&entre, Tokyo, Japan
MFishd New Zealand Ministry of Fisheri€aow Ministry for Primary Industries,
MPI)

MfN & Museumfir Naturkunde, Berlin, Germany

MM & Manchester Museum, University of Manchesianchester, UK

MMS 6 Minerals Management Servi¢rmerly; USA)

MNCN 6 Museo Nacional de Ciencias Naturalskgdrid, Spain

MRC & Malcolm R. Clarke Collection (NHMUK)

MWT & midwater trawl

N & north

NMFS & National Marine Fisheries ServifgSA)

NMSZ & NationalMuseum of Scotlandedinburgh, UK

NMW & Nationd Museum Wales, CardiflUK
17
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NOAA 0 National Ocean and Atmospheric Administrat{@/SA)
NORFANZSd New Zealand and Australia Norfolk Ridg®rd Howe Rise Biodiversity
Voyage

OAA 0 Ocean Acre Area

RCSHCi Royal College of Surgeons, Hunterian Collectibondan, UK
RV d research vessel

Sd south

SAM & South African MuseumCape Town, South Africa

SEFSC3 Southeast Bheries Science Cent@SA)

SOPd MPI Scientific Observer Programniiew Zealand)

STd surface temperature

stnd station

SWAPSA Sperm Whale Acoui Prey Surveyf{USA)

TMAG 0 Tasmanian Museum and Art Galleiyobart, Australia
USNOAP 3 United States Navy, Ocean Acre Project

UWO & University of Western Ontarjd.ondon, Canada

W o west

YPM & Yale Peabody Museum of Natural HistoNew Haven, CT, USA

Distribution mapsvere basedolelyon specimens examindterein, with theexception
of a few additional specimenisatwere not examined but which genetic analyses
clearlyallied with taxa of known morphology and genetidaterial was available from
mostmajor ocean currents (Fid)), with the following currents best represeahie each

ocean basin

Pacificd Kuroshio, CaliforniaEquatorial Counteizast Australian
Atlanticd Gulf StreamNorth Atlantic Drift, Canary, Brazil
Indiand South Equatorial

Material fromthe western equatorial Atlantic, the central and southeastern Pardic,

the Indian Ocean was scare@d very little to no material was available from the
eastern equatorial Pacific ataditudes below 50°S
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Fig. 10 Geographidistribuion of octopoteuthid material examined in this study, June
20117 January2018.

The synonym for each species is limited to publications containing substantial
morphologic detail, such as species descriptions with specific character state
distinctions, illustrations, and/or images, or where the exact material wasarained

herein. Pubtations of insufficient detail we excluded.

Morphologic examinatios

Species descriptions and specimen measurements, indices and countR éqléovg
Voss (198) with some modification. Standaekternalmeasurementsnd terminology
are illustrated in Fig2; measurement indices were calculated as a percentage of the
dorsalmantle length€.g, mantle width index, MWI = MW / ML, see definitions
below). Measurements ofdwrhialcrownappendagesere taken on the more complete
side of the specimen, aimbicated intext andtables asiRo (right) orfiLo (left) (e.q,

Arm IVR). Ranges wergiven in the format of lowest value (X), meaf),(and largest
value (Z) in the formaXi Yi Z. Where fewer than three specimens were available for a
species or the range was less than 5%, only the megpoted(as ~x%)
Measurements of damaged featuaes indicated byraasterix(*), regenerating features
by asuperscript '}, and speimens missing a tail by a cross § or specimen$iL

<50 mm, measurements to one decimal place are reported.
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Fig. 20 Octopoteuthid measures. Acronyms of standard measurearedesfined in
text additional measureas follows A) Gross morphology(a) depth of anterior fin
insertion,(b) width of anterior fin insertion(c) arm tip photophore length; B)wer
beak lateralprofile: (d) baseline(e) depth (f) hood length(g) crest lengthC) lower
beak, oblique(h) wing width at jaw anglg(i) maximum wing width(j) wing length;
D) upper beak, lateral profilgk) depth (1) hood length(m) hoodheight E) gladius:
(n) maximum width (o) free rachis length(p) conus length.
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Where material allowed, species ddstions were divided into as many as four life
stagesadults and subadultsgecimens lacking all remnants of tentaglgs/eniles

(also lacking any trace of tentacles ldtere important indicediffered from the larger
life stage) postlarvae §pecmens with atrophying, presumed rfumctional tentacles);
andparalarvaeqpecimens with functional fulength tentacles; Young & Harman

1988). In general, indices reported in text for the largest life stage were based on
measurements of specimens listedables; indices for some charactexrg( AL) were
calculated from supplementary specimens due to the high frequency of damage (see
Remarks forOctopoteuthisp. GiantPacific nov). For brevity, only two or three
specimens of the smaller size classasbined were included in tables of
measurements, although a greater number of specimens was used to create the full
description where possibl8elect morphometric indices were plotted against MLCfor
siculaandO. deletron two species with good ontagetic coverage, to illustrate
changes in body proportionr®ntogenetic trends were identified by fitting regression
models (linearexponentiallogarithmic, or power functions) to the untransformed data;
the model of best fit was determined by the gré&®ésalue.The same analysis was
used to generate specigsecific regression equations of beak measures (LRL, URL)
against body size (ML, body mass) for five specie@ssp. | NZ,0. rugosaO. deletron

T. danaeT. fimbriasp. nov).

Specimen measuremt acronyms and ternased in text include

AH 0 arm hook count (in pairg.g, 30 pairs of hooks, 60 individual hooikstotal)
AL, ALI 8 arm lengtharm length index (AL / ML)

AS O arm sucker courst(in pairs;e.g, 8 pairs of suckers, 16 individustickersn
total)

CL, CLId club length, club length index (CL / ML)

CS0 club su&er count (in pairs)

EML & estimate mantle length

est.d0 estimated

FL, FLI 8 fin length fin lengthindex (FL / ML)

Freshd not fixed in preservativa.€., no formalin, alcbol; e.g, fresh ML)
FW,FWId fin width, fin width index (FW / ML)

GL 0 gladius length

HL, HLI 8 head length, head length index (HL / ML)
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HW, HWI d head width, head width index (HW / ML)

L& leftside

ML & mantle length (dorsal mantle length, DML, unlefiserwise specified)
MW, MWI & mantle width, mantle width index (MW / ML)

NM & not measureccounted recordedcharacter was not quantified during
examination)

R rightside

TRSLO total reproductive system length

TL, TLI 6 tentacle length, tentacle Igth index (TL / ML)

TIL 0 tail length

UBL 8 upper beak length (Fig) 2

Main cusp

Aperture

~ ¥~ Accessory
. 4« Claws

Fig. 3 Octopoteuthid arm hook terminologyased on Young & Harman (1998) with
minor adaptationsAi C) Octopoteuthis rugosdNIWA 76639, sex indet., ML 85 mm;
D) Taningia danagNIWA 76658l , ML 260 mm.Ai C) 5V hook, Arm IlIR: (A)

lateral profilewith line indicating junction of main cusp and bad®) oral oblique, (C)
aboral; D) 4V hook, Arm IVR, aboral oblique with hood and itexstissue.
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Counts ofarm hooksarm suckers, and temia club suckers are reportedpasrs of
hooks or suckens text and tablesever agotal numbersof individual hooks or
suckersThis method was chosen as it underscores the consistent, quoesedtation
of the armature, indaition to reducing seeming variabilitye.,, the difference between
28 to 32 pairs of hooks compared with 56 to 64 hodksgome cases, a single centred
sucker or hook occurred didtabn arm tips, instead of@mplete pair; these are
reportedasthe u mber of ¢ o mp.y,AS 61).pnadablesshodk antl 0  (
sucker counts are reported only for the complete arms or testaetsured, and are
listed in order of Arms | to IV. Arm hook terminology follows ¥og & Harman (1998
with some modificatn (Fig. 3. Individual hooks are identified according to dorsal or
ventral series and numbered from proximadst to distamost €.g, arm hook 4D =

fourth hook in the dorsal series, counting distally from thelzase).

Lower beak descriptiorend ternmology follow Clarke (1980)nd were oriented with
the dorsal surface along the baselugper beak descriptiorad terminologyollow
Younget al (2000),with the ventral surfacerientedalongupperbeaklength(Fig. 2).
Herein,upper beak lengtis equivalent to crest lengtfide Younget al.2000.
Octopoteuthid lower bealdisplaya unique character shared only witpidoteuthis
her e t er nEig 4)a latéral or ddrsbladterprotrusion of theanteriorlateral
wall fold fusingit to theinner surface of theoodfor theanterior 4070% ofthehood s
length Radula and palatine palp descriptions and measurements falilstaé (2010)
and Braid (2013)Epidermal tibercle and funel projection descriptions are based on
Roper & Lu (1990).

Anterior fin insertion depth was measured along the midline from the anteokir
point of thefin margin to the posteriemost point of the indentation; anterior fin

insertion width was measured level with the antemast fin margins (Fig2).

For themajority of T. fimbriasp. nov. specimen§2%, 13/18 whole specimenshe
posterior tip of he mantle beyond thgosteriof i n att achment (the @
In the few intact specimens examined, the tail comp288dML (mean ofsix
individuals d sufficient quality ML 312 884 mm) thus,to include measurements of
damaged specimens iretdescription a estimated mantle lengtENIL) was calculated

by dividing the measured DMby 0.80 This EML was used to obtain indices for
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damaged specimens (Tal23). Within the description of . fimbria,u s e of A ML O

indicates pooling of DML/EMLmeasurements and calculations.

Owing to the incomplete nature of their original descriptiamd absence of
subsequently published-examinationsthetype materiabf O. siculaandO. nielseni
werere-describedQriginal descriptions of the type material®@f deletron O. @ana&

O. rugosa andT. danaewere considered sufficiently detailed, and the type material for
O. megaptera O. dongipterad O. indicad , & pedsicdd ¢ o ube bcated t

For scannig electron microscopy (SEM), sampieere first manually cleaned of soft
tissueand thertransferred daily to incrementally higher concentrations of etl{aaol

from general storage of ¥80% EtOH to 100% EtB). Samples were thegritical-

point dried either at University of Auckland or UW@uster coated in gotgalladium

and imaged at AUT or UWMue to mechanical constraints of the SEM, lateral profiles

of arm hooks were obtained atiG@° of tilt, as oppsed to 90° in illustridons

For cortlusive characterisation of sefssue structuresamples were prepared for
histological examination. Samples were embedded in xylol followed by paraffin in

accordance with the protocols given in Braid (2083inirg was performed with

standarchaematoxylin and eositi&E)and Mal | or yds tri chr ome

3.2. Genetics

Samples and specimens

Tissue samples were obtained from institutions and collecting programmes from around
the world (Tablel). Samples were aintained at80°C either unfixedi(e., no EtOH)

when possible or in 100% EtOH. Sosmecimens that were sequencedenest

available for morphologiexamination. In such cases, that material is listed in species
descriptions underplfeAd dalabie doiteatian dgteaane t | C
source. The same outgroup spedislidoteuthissp. BAlep 557/13 from Hawaii,

was included in both the singtgene trees and the combined phylogeny. This sequence
was chosen as it belongs to the lepidoteuthidilies cladé a wellsupported

monophyletic group comprising the Lepidoteuthidae, Pholidoteuthidae, and
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Octopoteut hi dae ( Retae007;&inddgran200® afdljs, Od6 She a
therefore, related to octopoteuthids but less so thenate to each other.

DNA extraction and sequencing

Three mitochondrial gene regions were selected for amplification and sequencing: the

658 basepair (bp) region of theehd ofcytochromec oxidase subunit | (COI); 16S

rRNA; andcytochromeb (cytb). Primer sequences and reaction profiles for each gene

are given in Table 2; COI primers were modified slightly from universal invertebrate
primers (Folmeet al. 1994) to becephalopod specific (Braiet al.2014). DNA was

extracted using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) following
manufacturerdéds instructions. PCR ampl i ficq
volumes compri 6i 2§ @&dhaldsdf HDNAH1. 25 el 10
buffer, 02(625 nM) ,MgOCI1 €I forward pri mer
(10 €M), 0.0625 ¢l 10 mM dNTPs, and 0.06
products were visualised in 2% agarosgds (Invitrogen) or 1% agarose gels stained

with GelRed (Biotium). Sequencing reactions for PCR products used BigDye v3.1 and

the same primers used for the initial PCR; sequencing products were sent to either ACA
Genomics Facility (Guelph, Canada) or Ma@odSeoul, Buth Korea) for sequencing.
Bi-directional sequence contig assemblies were created and edited using Sequencher v
4.9 (Gene Codes). Sequences were screened for potential contamination by using the
Basic Local Alignment Search Tool (BLAST) thrdu@enBank.

Phylogenetic analysis

To test the ability of the three gene regions at separating morphologically hypothesised
species, separate maximiikelinood phylogenies were constructed for each gene.
Combined, multigene phylogenies were also constiedcto analge higher relationships
within the family. Sequences were aligned via the MAFFT algorithm (Keitah

2002) as implemented in Geneious Pro 9.1.5 (Biomatters, Auckland, New Zealand);
alignments were then trimmed manually, and concatenatedrniri@s. Taetermine

the most appropriate partitioning scheme for phylogenetic analyses, jModelTest
(Darribaet al 2012) and PartitionFinder 1.1.1 (Lanfedial.2012) were run on
concatenated alignments for the maximlikelihood analysis with all suligution

mocels included. jModelTest was used to determine the best single partitioning scheme
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for the 16S rRNA singlgiene phylogeny (a necoding gene); PartitionFindaras used
to test partitioning by codon position for the COI aytibsinglegene phylogeies

(both coding genes), and by gene and codon position for the combined phylogenies
(resulting in a maximum of seven possible partitions). Optimal schemes (thhdbevi
greatest associated relative weight) as selected bayesian Information terion

(BIC) and corrected Akaike Informatiorri@rion (AICc)supported partitioning by
codon for both COI andyt b(Table 3) Outputs fronPartitionFinder did not include

values for , which were calculated using:

whereY is the difference between the BIC or AlCc score ofithmodel and the

smallest BIC or AICc scor®IC-selected models resulted in hay weight values than
AlICc-selected models in all but two cases (differéiocdoth was <0.1), and were thus
used for generating all phylogenidgl phylogenies were created using GARLI 2.0.1
(Zwickl 2006) with 1000 bootstrap repéites, which is gendha sufficient for most

trees (Pattengalet al.2010). Two multigene phyl@mies were constructed: a strict
combined phylogeny comprising only individuals with all three gene regions sequenced
and an inclusive combined phylogeny which included all inltials with at least one

sequenced region.

Mean pairwise intraand interspeific distances were calculated from aligned COI
sequences using the K2P model (Kimura 1980) in MEGA 6 (Tartuah2013).
Singlegene phylogenies were submittechttp://species-its.org/for maximum
likelihood Bayesian Poisson tree processes (bPi&ysis (Zhanget al 2013) to

evaluate how the three gene regions detdspecies.
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Table3. Optimum models for three gene rexgs as selected by Bayesian Information
Criterion (BIC) and corrected Akaike Information Criterion (AICc), with correspandin
scores and weights. Bolded models indicate the two cases where the AlCc selected

model had a greater weight than the BIC selectedel.

Partition(s) BIC model Score weight rﬁlfél?al Score weight
Single
COl HKY+I+G  8429.98 0.724 | HKY+I+G 761976 0.660
16S TIM3+1+G  3970.79 0.409 | TIM3+I+G 3525.73 0.479
cytb HKY+G 6256.15 0.565 | TVM+I+G 5855.11 0.322
Multiple
Single gene
COl
COl_1 F81+l 662.55 0.841 | F81+I 649.26 0.381
COl_2 TrN+G 4193.63 0.822 | GTR+G 4173.48 0.315
COl_3 TrNef+G 1297.16 0.666 | TrNef+G 1287.18 0.331
cytb
cyth 1 K81+G 134556 0.317 | TIM+I+G  1325.73 0.324
cyth 2 F81+l 847.46 0.625 | TVM+I 825.45 0.339
cytb 3 HKY+G 3119.84 0.663 | K81uf+G  3103.49 0.196
Combined
Strict
COIl_1cytb 2 | F81+l 1512.89 0.843 | TVM+I+G  1490.30 0.351
COl_2 TIN+G 3720.90 0.840 | TrN+G 3701.08 0.472
COL_3 TrNef+ 1222.96 0.462 | TrNef+l 1212.98 0.269
16Scytb 1 K81luf+l+G 4592.87 0.771 | TVM+I+G  4554.77 0.690
cyth 3 HKY+G 3128.71 0.512 | TVM+G 3111.99 0.179
Inclusive
COl_1cytb 2 | F814 1528.99 0.871 | F81+l 1512.95 0.190
COl_2 TIN+G 4299.95 0.831 | TrN+G 4280.16 0.352
COL_3 TrNef+G 1333.77 0.716 | TrNef+G 1323.79 0.387
16Scytb 1 K81uf+l+G 4640.10 0.757 | TVM+I+G 4602.04 0.680
cyth 3 HKY+G 3118.19 0.614 | HKY+G 3101.98 0.258

_ = codon partition within gene region
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4. CHECKLIST OF SPECIES

Family Octopoteuthidae Berry, 1912
GenusOctopoteuthiRRuppell, 1844

Octopoteutls siculaRuppell, 1844
Octopoteuthis nielsefRobson, 1948 | siculaspecies group
Octopoteuthis fenestrsp. nov.

Octopoteuthis megapte¥errill, 1885)]
Octopoteuthis rugos@larke, 1980 - megapteraspecies group
Octopoteuthis laticaudap. nov.
Octopoteuthisp. 10

Octopoteuthis detron Young, 1972

. ; - deletronspecies group
Octopoteuthis leviuncusp. nov.

Octopoteuthisp. Giant Pacific

i : - - A Gi sspetias gro
Octopoteuthisp. Giant Atlantic | especties group

GenusTaningiaJoubin, 1931

Taningia danagloubin, 1931
Taningia fimbriasp. nov.
Taningia rubeasp. nov.
Taningiasp.IV

Taningiasp. V
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5. SYSTEMATICS

Family Octopoteuthidae Berry, 1912
VeranyidaeChun, 1910: 143.
OctopodoteuthidaBerry, 1912: 645.
Octopodoteuthidae (not Berry 191®) Naef, 1916: 15.

Diagnosis.Tentacles lacking in juvenile to adsiagegfML >60 mm); arms with
biserial hooks enclosad thick fleshy sheaths; some or all arms terminate in a single
largephotophoe; fins rhombic, large (lengbi 85% ML), broad (idth 80i 110%

ML); buccal connectives attach ventrally to Arms IV; six weak buccgiausp.

Description. Mediunt to largebodied squids (maximum observed ML 552 mm in
Octopoteuthis1310*mm in Taningig, with gelatinous tissue overlying epidermis of
mantle, head, and arnspostlarval stagesMantle conical to weaklgobletshaped:
widest anteriorly, tapering anterior third then nearly cylindrical t@gterior fin
attachment before tapering along tail (extension of méetyend posterior fin
attachment Fins muscular; fused dorsally along midline; subterminal, continuing
posterior) along tail as narrow strip of tissue, fusing beyond posterior ttprianfin

i nsertion f eshapednotth; postarior intinsedtibhdoorly demarcated.
Arms all sukequal in length; with paired low, ndarabeculate protective membranes
orally; arm hook series slightly offsktngitudinally relative to each otheTentacles

(ML <59 mm) simple, with proximal club demarcatiorsbght expansion oétalk

Clubs short withi 6 pairs ofsuders; simpledistally tapering to blunt tip; regions

poorly defined with no distinction apparent between manus and dactylusscarp
comprising single pair of suckers, considerably smaller than manus suEkessvith
anteriorsinus, strongrescenshaped posterior muscle. Funnel pocket present, bordered
by two bridles; funnel aperturdirectedventrally. Photophores associated lwihk sac
region.Lower beak with shelf (lateral or dorsolateral protrusion of anterior lateral wall
fold fusing it to the inner surface of the hood; Fig.4pper beak lateral walls
trapezoidal to rectangular. Radula with 7 series of t&xhweak bucal supports: one
between Arms |, one at each of Armslll, one between Arms IV. Two pores present
in ventral visceral mesentery. Males with terminal organ, without hectocotylusegfemal

with paired, bilobed nidamental and oviducal glands.
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Fig. 40 Crosssections through lower beak showing shelf (arrows) along lateral wall

ridge in(A) Octopoteuthiand B) Taningia Scale bars 20 mm.

Remarks. Both Berry(1912)andNaef(1916)designated the Octopo(do)teuthicese

the proper name for the family containi@g sicula Berry stated that the proper

spelling, Octopoteuthidae @rctopaloteuthidae would dependn whichspelling

variant wasaccepted at the genus level. Four gdater Naefistedii Oct opodot eut
nov. o owitt cki ting Berry (1912), and despite
(1912) work, Naef wused nom®capddateutnisoesr r ul e
Oeranyd but gave Qctopotetkifoetneespeling vatiaat issue. White
remains possible that Naef was unaware of
al so be that he took Berryo6és ambiguity a:
authorship. It is possible Naefas stating outright his supportforKmd s ( 18 45)

variant , and thus derive the famili al na.i

Despite their ephemeral nature, tentacles, both their morphology and early loss,
characterise octopoteuthid$owever, given the taxonamdisarray of the family, this
review ha prioritised differentiating adult specimens and little time was devoted to
paralarval identification and the diagnostic character for this life stage, tentacles (Young
& Harman 1988). A brief treatment of octopatieid tentacular morphology is given in
the following sections: genuBctopoteuthisikemarks;T. danaepostlarval description,
O. laticaudaparalarval description, and the pdetval descriptions 0D. sicula, O.
nielsenj O. deletron O. sp. 1O.
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5.1 OdopoteuthisRuppell, 1844

OctopodoteuthigRippell 1844)d Krohn, 1845: 4v49.

Verania Krohn, 1847: 3839. Type specie®ctopoteuthisiculaRuppell 1844, by
monotypy.

Verarya (Krohn, 1847)d Chenu, 1859: 29.

OctopodoteuthopsiBfeffer, 1912: 220223. Type speciedncistrocheirusnegaptera
Verrill, 1885, by monotypy.

Type speciesOctopoteuthis siculeRuppell, 1844, bynonotypy

Diagnosis All arms terminating in a singléong, slender photophore; atangth 85
115% ML, Arms Il longestbuccal conneotes paired for Arms and lll, attaching both

dorsally and ventraltymantle cartilage narrow anteriorly

Description (Figs 5, §. Mediumssized squids (maximum observed ML 552 mn®in
sp. GiantPacific nov) separable into four species groups basechotophore pattern
(see below for group descriptionB)ns rhombic, large (lengtés 85% ML), broad
(width 80i 110%ML); anterior margins of fins slightly conveposterior margins
straight to slightly convex. Arms slendérms Il and Il generally longeahan | and

IV; arm hooks variably with accessory clawentacles completely lost by M26 mm
excluding AGianto species gatMudrmfp)at r ophyi
Tentacle and arm suckers domed: infundibular ring aperture small, basadiiateérto
whole sucker creating vaulted internal cavity. Lower #gthbetween jaw angle and
rostral tip comprises more than half of overall depgiper bek rostrum longBuccal
connectives formed from basal continuation of protective membraneg todiuccal
membrane. & pores in buccal membrandaturing and maturesimales with rugose
furrows in gelatinous tissue alorgcumference o&nteriormantle,decreasing in length
dorsally Tail often curved posterigentrally. Dorsal funnel organ cordifm, short free
tip anteriemedially pointed ventrally, low lateral ridges extend posteriorly from tip
along middle of each lobe following @stcontour; ventratomponents form irregular

parallelogram without sculpture.

Remarks. Almostall photophoresn Octopoteuthisre either embedded in body tissue
or located along an interior surface, discernible only through dissection, particularly in

large adults (Fig. 6): posterior ventral mantle photophores (PVMP) are located just
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anterior to the posterior fimantle junctionunderneath the outer gelatinous tissue layer
near its junction with the muscle tissuecti abdominigphotophores along the dorsal
surface of each muscle; lateral head photophores (LHP) alopgstericlateralhead
typically in close poximity to theolfactory papillae, posterior to the eymsally
attached to the cephalic cartilagederlying outer gelatinous tissuagdial eyelid
photophores (MEP) on the inner surface of the ventral eyelid, amedaally, eyeball
photophores (ERJntericdorsaly on each eyebalht junction of iris and scleraym-
base photophores aeenbedded ventrally at basaf Arms IIi IV, with those of Arms

[l and IV greater in size than those ofms II; and arm series photophores along the
ventrum of theorachial nervesf Arms Il and IV only. Generallyphotophores are
more visible in small or fresh specimemdere tissues are either thinner or more
translucentln species wittpaired PVMPjt can benecessary to straighten out the tail
(i.e. align itdorsally with the main longitudinal axis of the animal) to properly

determine the chromatophore patterning around the photophores.

A brief opportunistic description of a tentacle club at high magnification, the first to
date, from an unexaminéaictopoteutis from the south Atlantic is as follows. Club

with 10 intact suckers likely corresponding to 6 pairs (Fig. 5E). Carpal suckers proximal
to club, on tentacle stalk; diameter ~50% basast intact manus sucker; dentition
damaged. Manus suckers large, secpair largest, subsequent suckers gradually
decreasing, diameter of distalost ~125% that of carpal. Dentition similar across

manus: infundibular ring smooth, diameter ~40% sucker diameter; papillated ring
comprising singular central ring of irregulaslpgonalfacedpegs intermediate ring of
irregular polygonafacedpegssingular proximally becoming doubled laterally and

tripled distally, singular peripheral ring of ovoid to obleiaged pegs; rim damaged.

The above is comparable to previous desiomstwith the notable exception being a
greater number of suckers: all previous reports stated a maximum of either four pairs or
eight suckers (Krohn 184¥érany1851;Appellof 1889; Chun 1910; Naef 1923;

Stephen 1985a, 1985b) except for Okutani & McGo(l&@69), which stated that larger
paralarvae 00. deletronhave 10 club suckers. While the minuscule carpal pair may
have been missed by some, Chun clearly figured them inCiitipoteuthisand

Taningia and still only reported three pairs distallyith the herein established adult
species designations, future work will attempt to establish spgoeesfic paralarval

identification characters.
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In trawl-caught specimens, arms aaeelyintact due to the presence of multiple
autotomy fracturglanes alog their length (Busl2012). Specimens from stomach
contents of predators, or specimens offiB&an®d species up (see Remarks, that

section)more frequentlyetain complete arms.

Fig. 5 (following paged Octopoteuthigieneral morphalgy (y indicates differing
morphology in Giant species group, see group descrip#grg) O. rugosa (A)
NMNZ M.091409 Il , ML 109 mm (B) SAM S4084] , fresh ML ~200 mm; C, GO.
deletron (C) unexamined MBARI specimen; (GBMNH 34966, holotypd| , ML 96
mm; D) unexaminedctopoteuthisp.,sex indet. ML unknown MarEcocruise, 2009
E) O. megapteraUSNM 814610, , ML 110mm; F) O. laticaudasp. nov., USNM
729746l , ML 73 mm; H) O. fenestrasp. nov., top (NMNZ. M.27782%aratype] ,
ML 218 mm), O. sp. Giant Pacific noy.bottom NIWA 210746 | , ML 552 mm). Al
C) Arm tip photophores: (A) oral view with distal suckers andgutdte membranes,
(B) with slight bulb at tip, (C) bifurcated photophore, likely a result of regeneration
(photo by K. Bolstay] D) paralarvalOctopoteuthigentale club and sucker morphology
(SEMs by K. Bolstad); Erecti abdominignuscles &b) andrectum (r): natural state
(left), right side dissected (right) revealing dorsal photophore (ph); F) reetttim
regionin sity; G) fun n e | organ; H) comparison betweert
and smakHbodied species. Scale bars = A, G) 2 mm; BE&) 5 mm; D) 0.25 mm
(insets 50 pum).
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Fig. 60 Photophore in Octopoteutks (terminologyadapted from Stephen [1933.
Arm tips(see Figs 5AC); A) Arms lll, IV series Q. rugosa NIWA 71845, , ML 175
mm); Arm bases 11V; B) medial eyelid (MEP©O. megapteraUSNM 885283| , ML
111 mn); C) eyeball (EPO. rugosaZMH 11232 |l , ML 130 mm) D) lateral head
(LHP; O. fenestrasp. nov, NIWA 75728,Il , ML 234 mm); E) dorsally onrecti
abdominismuscles SNM 885283; posterior ventral mantle (PVMPF) O. sicula
USNM 885298] , ML 75 mm; G)O. rugosa NMNZ M.091633, , ML 109 mnt H)
O. deletron SBMNH 265402] , ML 50 mm; I) O. sp. Giant Pacific noyUSNM
1283041) , ML 148 mm).
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5.1.1.sicula Species Group(Fig. 7). With two PVMP overlain together by single large
chromatophore patahith distinctly pigmented posterior and latemargins, often
reduced to single ring due to epidermal abrgsioie photophore dorsally on eaecti
abdominismuscle one LHPon each side of head; single abase photophore on Arms
[IT1V; photophore series along ventral brachial nerve on Arms IIIN&mhly. Arm 1
buccal connective dorsaArms IV with thin densely sdtansversg@igment bands
aborally.Arm hookswithout aboral hood on main cus@datmost hook pattern

VVDD. 3i 12 pairs of suckerpresent at tip of each arm

Fig. 70 siculaspecies group general morphology. A) Ventral photophore pattern; B)
single chromatophore patch@ fenestrasp. nov.: natural condition (left; NMNZ
M.277829 paratype) , ML 218 mm) and abraded, revealing two PVMP (right; NMNZ
M.091416,ll , ML 139 mm); C) oral surface with single dorsal buccal connective Arm
Il and large pore (p) between Arms Il arid $cale bars =5 mm.
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5.1.1.1. Octopoteuthis siculd&Rippell, 1844(Tables %8, Figs 6F, 815)

Octopoteuthis sicul®uppell, 1844129 135; Ficalbi (1899)83i 84; Villari &
Ammendolia (2009): ©11, Fig. 1; Cuccet al.(2013): 24, Fig. 1, 2, Table 1;
Jeaebet al.(2016): § 13, Figs 46, Table 1, 2.

Octopodoteuthis siculirohn, 1845: 4749, Figs AF.

Verania siculaKrohn, 1847: 3839, PI. 2 Figs D, E; Veranjl851): 86 88, PI. 28.

Octopaloteuthis danadoubin, 1931: 185187, Figs 17, 18; Lindgren (2010):
EU735402, EU735266.

Octopoteuthis megaptefaot Verrill, 1885 & Lindgren (2010): EU735358,
EU735258.

Not Octopoteuthis sicul&earcy (1965) (©. deletror; Toll (1982) (=O. leviuncussp.

nov.).

Type material (2 specimes). NHMUK 1845.9.8.13 Holotype, sex indet., ML 19 mm,
Sicily, coll. Rippell; ZMUC CEP-89, holotype QOctopodoteuthis dangdl , ML 28.3
mm, 35°15N, 68°20W, Atlantic Ocean, 150 m, 14/05/1922, 1930Dana, stn 1341V,
S 200.

Additional material examined(171 specimensYMH 11195, sex indet., ML 80 mm,
57°44.4'N, 18°08'W, West of British Isl., 400 m, 29/06/1986,\R&ltherHerwig, stn
366, cruise #7&; ZMH 11217,11 ,1 , head only, ML 124* 111* mm, HL 40 mm,
57°39.2'N, 18°06.3'W, West of Britidhl., 800 m, 30/06/1986, RWalther Herwig stn
384, cruise #7&; ZMH 11220, | , ML 70* mm, 57°39.1'N, 18°04.8'W, West of British
Isl., 600 m, 29/06/1986, RWalther Herwig stn 364, cruise #78; ZMH 11205, 2 sex
indet., ML 64*, 63 mm, 57°36.1'N, 18°02.4'W, West of British Isl., 400 m, 28/06/1986,
RV Walther Herwig stn 356, cruise #78; ZMH 11213, 2| , ML 98*, 95 mm,
57°34.8'N, 1810.1'W, West of British Isl., 806, 28/06/1986, RWValther Herwig stn
363 cruise #762; ZMH 11184, sex indet., ML 82 mm, 54°47.4'N, 18°09.9'W, West of
British Isl., 800 m, 02/07/1986, RWalther Herwig stn 405, cruise #¢8; ZMH

11223 211, ML 93, 92mm, 54°44.8'N, 189.8'W, West of British Isl., 800 m,
07/07/1986, RWValthe Herwig, stn 451, cruise #¢8; ZMH 11224,1 , ML 128 mm,
54°43.7'N, 18°21.7'W, West of British Isl., 800 m, 06/07/1986 Walther Herwig stn
444, cruise #7€; ZMH 11211, I , ML 94 mm, 3°39.8'N, 18°15.6'W, West of British
Isl., 400 m, 05/07/1986, RWalther Herwig stn 428, cruise #78; ZMH 11200, I ,

ML 87 mm, 54°35.6'N, 18°27.9'W, West of British Isl., 600 m, 05/07/1986\\RNther
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Herwig, stn 426, cruise #7¢8; ZMH 11174, I , ML 81 nm, 54°33.3'N, 18°16.9'W,
West of British Isl., 400 m, 03/07/1986, RMalther Herwig stn 408, cruise #78B;
ZMH 11225, 1 , Il , head only, ML 100, 89 mm, HL 33 mm, 54°33.3'N, 18°16.9'W,
West of British Isl., 400 m, 03/07/1986, RNalther Herwig stn 408 cruise #7€&2;
ZMH 11219, 21l , ML 107, 95* mm, 54°31'N, 18°26'W, West ofiBssh Isl., 800 m,
04/07/1986, RWValther Herwig stn 425, cruise #78; ZMH 11214, 2 heads only, HL
45*, 40* mm, 53°03.5'N, 16°36.3'W, West of British Isl., 1800 m, 09/07/1986, RV
Walther Herwig stn 463, cruise #78; ZMH 11218,| , ML 180 mm, 52°56.3'N,
16°18.4'W, West of British Isl., 2008500 m, 09/07/1986, RWalther Herwig stn
464, cruise #72; ZMH 11233,1 , ML 177 mm, 52°35'N, 22°20'W, Europe, 1250 m,
24/09/1973, RWvalthe Herwig, stn 700, cruise #6B, coll. StehmatNM 1283031
[ , ML 83 mm, 52N, 43°W, 160/ 868m, 19/06/2009, 1942 GMT, RMenry B.
Bigelow 7, net 4, cruise 20082, Norwegian micronekton trawfMH 11222, 21 , ML
91, 90* mm, 52°00'N, 16°00'W, West of Bsi Isl., 20002500 m, 00/06/1986, RV
Walther Herwig no stn, cruise #78; USNM 12830321l , ML 122 mm, 51°19.2'N,
28°52.2'W, 5961132 m, 26/06/2009, 0630 GMT, RN¥enry B. Bigelow?21, net 4,
200902, Norwegian micronekton trawNJCZ 370405 Il , ML 42 mm, $°40.8'N,
27°1675'W, 12801828 m, 28/08/1928, 1200300, RVAtlantis stn 41, vertical;
MCZ 370406 Il , ML 122 mm, 50°00'N, 35°20'W, 914 m, 09/02/19280Q0 1800,RV
Atlantis stn 143ZMH 11244, 1l , sex indet., ML 135*, 115* mm, 49°56.4'N,
16°28.7'W, Eurpe, 950 m, 19/06/1982, RWalther Herwig stn 402, cruise #52B,;
ZMH 11181, sx indet., ML 31 mm, 49°50.1'N, 13°42.4'W, Europe, 2700 m,
20/06/1982, RWValther Herwig stn 404, cruise #52EMH 11191, sex indet., ML
145* mm, 49°50.1'N, 013°42.4'W, Europe0B7/m, 20/06/1982, RWalther Herwig
stn 404, cruise #52MH 11161, | , ML 151 mm, 49°49.6'N, 26°28.3'W, 3200 m,
16/06/1982, RWValther Herwig stn 391, cruise #52E:MH 11203, sex indet., ML 45
mm, 49°49.5'N, 016°57.6'W, 480 m, 19/06/1982, Welther Hewig, stn 400, cruise
#52B;ZMH 11245, , ML 109 mm, 49°4%'N, 16°57.6'W, Europe, 480 m,
19/06/1982, RWValther Herwig stn 400, cruise #52:MH 35998, 21 , sex indet.])l ,
ML 91, 77*, 67, 64mm, 49°48.4'N, 26°32.8'W, Europe, 500 m, 16/06/1982, RV
WaltherHerwig, stn 390, cruise #52EMH 11235, | , ML 142 mm, 4948'N,
25°54.8'W, Europe, 1000 m, 16/06/1982, Rilther Herwig stn 392, cruise #52B;
ZMH 11464, 21 , 41 , ML 166, 118*, 145, 136, 134, 120* mm, 49°48'N, 25°54.8'W,
Europe, 1000 m, 16/06/1982, RNdther Herwig stn 392, cruise #52MH 11159,

31 ,ML 176, 164, 162 mm, 49°47.90'N, 28°46.8'W, 3200 m, 15/06/1982\\R\ther
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Herwig, stn 387, cruise #52EMH 11241, Il , ML 30 mm, 49°47.2'N, 13°52.3'W,
Europe, 500 m, 20/06/1982, RValther Herwig stn 403 cruise #52BZMH 11178, 3
sex indet, 2 , ML 31, 31, 22*% 28, 28 mm, 49°47'N, 23°29.9'W, Europe, 460 m,
17/06/1982, RWValther Herwig stn 393, cruise #52EMH 11165, 41 , 31l , 2heads
only, ML 201, 189, 182, 140*, 147, 132*, 118* mm, HL 46, 38* mm,38B3'N,
27°38'W, 1000 m, 14/06/1982, RWalther Herwig sih 385, cruise #52BZMH 11202,
I, ML 33* mm, 48°35.3'N, 027°38'W, 1000 m, 14/06/1982, RIther Herwig stn
385, cruise #52BZMH 26070, 41 , sex indet., ML 206*, 196, 188, 179*, 126* mm,
48°35.3'N 027°38'W, Europe, 1000 m, 14/06/1982, Ridlther Herwig stn 385,
cruise #52BZMH 11182, Il , ML 38 mm, 47°25'N, 27°19.8'W, Europe, 250 m,
13/06/1982, RWValther Herwig stn 381, cruise #52BJSNM 12830281l , ML 171
mm, 47°18'N, 16°57'W,i@000 m, 26/09/473, RVWalther Herwig 710/73, 1600
mesh Engel trawlMCZ 277831, sex indet.|l , ML 44, 39 mm, 47°11'N, 42°11'W, {0
)30-35(-0) m, 12/09/1964, (191519302315¢2325) hr, RVAtlantis I, stn 1030, cruise
13, 6.1 15.6°C, 10' IKMT, coll. R.H. BackusZMH 11237,| , ML 137* mm,
47°02.7'N, 27°19.9'W, Europe, 2200 m, 12/06/1982 \Ralther Herwig stn 380,
cruise #52BZMH 11234, sex indet., ML 132* mm, 46°29.4'N, 27°14.3'W, Europe,
250 m, 12/06/1982, RWaltherHerwig, stn 378, cruise #52BJCZ 278198 21l , ML
42.5, 39.5 M, 45°40'N, 43°14'W,i®90 m, 12/09/1964, 0146540, stn 1028, 5i0
8.9°C, 10' IKMT, coll. R.H. BackuZMH 11228, Il , ML 143 mm, 45°40'N,
027°48.2'W, 3200 m, 11/06/1982, RMalther Herwig stn 37, cruise #52BZMH
11176 31 ,ML 57, 36, 35 mm, 8°23.2'N, 27°48.5'W, Eur@p 900 m, 11/06/1982, RV
Walther Herwig stn 375, cruise #52EMH 11179, 21l , 41 , ML 43, 37, 41, 38, 34,
33 mm, 45°23.2'N, 27°48.5'W, Europe, 900 m, 11/06/1982WRither Herwg, stn
375, cruise #52ByJSNM 8179381l , ML 88 mm,44°55.8'N, 21°3'W, 03/05/1979, RV
Anton Dohrnstn373-79, 1600 mesh Engel trawiSNM 8179401 , ML 82 mm,
44°55.2'N, 13°27'W, 05/05/1979, RAhton Dohrnstn391-79, 1600 mesh Engel trawl;
ZMH 11236, | , ML 135* mm, 44°15.1'N, 19°44'W, Europe, 3200 m/d&/1982, RV
Walther Herwig stn 343, cruise #52EMH 11229, | , ML 179* mm, 44°12'N,
020°04.7'W, 1100 m, 07/06/1982, RMalther Herwig stn 344, cruise #52EMH
112311 , 1, ML 173*, 135* mm, 44°08.5'N20°14'W, Europe, 800 m, 07/06/1982,
RV Walther Hervig, stn 345, cruise #52EMH 11238, | , ML 77* mm, 43°41.8'N,
28°26.5'W, Europe, 1550 m, 10/06/1982, Rilther Herwig stn 370, cruise #52B;
ZMH 11246, | , ML 144* mm, 43°21.7'N, 25°58.6'W, Europe, 123009/06/1982,

RV Walther Herwig stn 359, cruise #82 USNM 1283029 sex indet., ML 38 mm,
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42°09.48'N, 49°18.48'W, 31/07/197608-C-D, JOAST cruise, trawl, colUSA Navy;
ZMH 11192, Il , ML 170 mm, 41°03'N, 011°09'W, Portuga40 160m, 16/01/1968,
RV Walther Herwig | stn 3, cruise #23, coll. SchuldHM UK 20160091 21l , ML 60,
51 mm, 40°2.5'N, 19°57.5'Wj @75 m, 12/05/1961, stn 47@DiscoveryExpedition,
BCMT; USNM 12830391l , ML 88 mm, 39°58.2'N, 67°19.8'WJSA, max. depth
~1700 m, 04/06/2004, 1400 GMT, Rdlaware 1| 5, cruise 409)Y GPT, coll. M.
VecchioneUSNM 10802291l , sex indet., ML 44, 26 mm, 39°57'N, 67°30'W, Bear
Seamount, MassachusettsSA, 2023 2217 m, 27/07/2002, RDelaware Il 38, Bear
SeamounExpedition, IYGPT;USNM 1283040 sex indet., ML 43 mm, 39°55.8'N,
67°24'W,USA, max. depth-700 m, 04/06/2004, 1908 GMT, RMelaware Il 6, cruise
409,1Y GPT, coll. M. VecchionetJSNM 11925701 , head only, ML 204 mm, AL 133
mm, 39°55.69'N, 67°25.01'W, BeSeamount, over seamoudtA, 1082 m,
05/09/2012, 0443611, FSWPisces stn 27, Deepwataiodiversity Cruise Bear
Seamount 2012, PC201205, MWT with 3rd wire, coll. M. Vecchione & S. Bush;
USNM 11884631 , ML 92 mm, 39°55.30'N, 67°15.15'W, Bear Seamip east of
seamountUSA, 683 m, 31/08/2012, 000D032, FSVPisces stn 4, Deepwater
Biodiversity Cruise Bear Seamount 2012, PC201205, MWT, coll. M. Vecchione & S.
Bush;USNM 11884641 , ML 139* mm, 39°55.30'N, 67°15.15'W, Bear Seamount,
east of seamau, USA, 688m, 31/08/2012, 000032, FSWPisces stn 4, Deepwater
Biodiversity Cruise Bear Seamount 2012, PC201205, MWT, coll. M. Vecchione & S.
Bush;USNM 11925111 , sex indet., ML 124*, 86* mm, 39°47.12'N, 67°27.79'W,
Bear Seamount, south of seampWBA, 1520 m, 31/08/2012, 1544645, FS\WPisces
stn 7, Deepwater Biodiversity Cruis®ear Seamount 2012, PC201205, MWT, coll. M.
Vecchione & S. BushyICZ 370409 Il , ML 100 mm, 39°26'N, 71°0'W,-0713)0 m,
13/10/1962, 10201505,stn 913, 64' GMT, collR.H. BackuslJSNM 11003931l , ML
48 mm, 39°26'N, 70°11.4'W, Bear Seamount, Massachus&ts, 29/11/2000, RV
Delaware Il stn 3, Bear Seamount Expedition MCZ 370408 sex indet., ML 19*
mm, 39°24'N, 70°33'W,i®49 m, 20/09/1962, 1800220, stn 872, 10' IKMT, coll.
R.H. BackusNHMUK 20160090, | , ML 56 mm, 38°54'N, 21°55.5'W,.5 100m,
13/10/1966, stn 6103 iscoveryExpedition, WB;USNM 730364 2 sex indet., ML 35,
34 mm, 38°40.8'N, 71°28.8'W, off east coa$gA, 0i 550 m, 21/05/1974, RV
Albatross IV 745-10N, 3 m IKMWT; NHMUK 20160097, I , ML 48 mm, 38°38.1'N,
28°20.2'W, 106300 m, 29/10/270, stn 7447DiscoveryExpedition, RMT25;

NHMUK 20160092 Il , sex indet., ML 8, 49 mm, 37°35'N, 25°22'V@j 400m,

17/05/1966, stn 611DiscoveryExpedition, EMT;MCZ 370407, sex indet., ML 28.5
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mm, 37°10'N, 56°30'W, Sargasso Sea18/08/1931, R\Atlartis, stn 1043, haul C3;
NHMUK 20160100 | , sex indet., ML 71*, 26* mm, 32°3418, 17°17.5W0i 245m,
09-10/04/1962, stn 484BiscoveryExpedition, BCMT;USNM 728875 21l , ML 176,
172 mm, 32°09'N, 64°10.8'W, Ocean Acre Area, Bermuda50 m, 24/08/1971RV
Delaware Il 80-N, Ocean Acre Project 12, 1400 Engel trawl, ddBA Navy;
NHMUK 20160094, | , ML 77 mm, 28°02.4'N, 14°09"'\0i 140m, 11/06/1966, stn
6174,DiscoveryExpedition, EMT;NHMUK 20160089 Il , ML 62 mm, 27°51'N,
14°17'W, 0420 m, 06/08/1967, 8t6413 DiscoveryExpedition, EMT;NHMUK
201600991l , sex indet., ML 65, 62 mn27°50'N, 13°59'W0i 180m, 04/08/1967, stn
6408,DiscoveryExpedition, EMT;Escanez 12_| NI , ML 220 mm, 25°14.64'N,
17°13.68'W, 0800 m, bottom depth 3093 m, 27/04/2015, 2hORYV Hesperides
PEL12,12 | N, KMWT; Escanez 11_5 Dsex indet., ML 9.1 mp21°25.38'N,
18°25.68'W, 0100 m, bottom depth 3095 m, 25/04/2015, 1354 hr He¥perides
PEL11,11 5 D, KMWT; Escanez 11_4 Dsex indet., ML 25.2 mm, 21°25.08'N,
18°26.1'W,100 200 m, bottom depth 3095 m, R8/2015, 1341 hr, RWesperides
PEL11 11 4 D, IKMWT; Escdnez 11_4 Nsex indet., est. ML 7 mm, 21°21.6'N,
18°32.1'W, 50100 m, bottom depth 2989 m, 25/04/2015, 0448 hr HR¥perides
PEL11 11 4 N, KMWT; USNM 8852931 , ML 153* mm, 20°27'N, 21°58.2'W,
1900 2100 m, 18/04/1971, RWalther Herwig 50271, 1600 mesh Engel travdMH
111891 , 21, ML 138, 122, 118 mm, 20°14'N, 021°35'00W, Afrid&j 60 m,
28/01/1968, RWValther Herwig ] stn 10, cruise #23, coll. Schul2SNM 8146061 ,
ML 89 mm, 20°07.2'N, 18°15'W, Cape Verdej 200 m, 12/11/1970, R¥Atlantis II,
RHB-2045, 3 m IKMWT, coll. R.H. Backud4JSNM 128303831 , 41l , ML 152, 104,
45, 149, 145, 133, 131 mm, 14°10.8'N, 18°28.2'W, Senegal, 2000 m, 18/07/1974, RV
Anton Dohrn AD 11/74, Gate ExpeditiotjSNM 8852921 , sex indet., ML 162, 144
mm, 14°04.8'N, 23°12'W, 1900 m, 16/04/1971, Ridither Herwig 49471, 1600
mesh Engel trawlNHMUK 20160086 21 , ML 108, 61 mm, 13°25'N, 18°22'V@j
900 m, 28/10/1929)iscovel Expedition;ZMH 11168, I , ML 114 mm, 12°16'N,
23°05'W, Africa, 180200 m, 30/01/1968, RWalther Herwig ] stn 12, cruise #23,
coll. Schulz;USNM 8166761 , Il , ML 141*, 95* mm, 10°52.2'N, 22°09'\392 608
m, 15/04/1971, RWValther Herwig 49G11-71, 1600mesh Engel trawltJSNM
8166791 , ML 126 mm, 10°52.2'N, 22°09'W592 608 m, 15/04/1971, R\W\alther
Herwig, 49011-71, 1600 mesh Engel trawlSNM 885073 21 , sex indet., ML 75, 49,
22 mm, 10°49.8'N, 22°07.8'W, 10011 m, 15/04/1971, RWalther Herwig 490-1-71,

1600 mesh Engel trawNHMUK 20160220, | , ML 51 mm, 10°47.6'N, 20°20.6'W,
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501 100 m, 11/03/1972, stn 7824#%3scoveryExpedition, RMT8ZMH 11221, sex
indet., ML 23 mm, 10°46'N, 23°54'W, 20800 m, 16/05/1966, RWalther Herwig

stn 182, cruise #, coll. Schulz;NHMUK 20160084 | , ML 93 mm, 15°55'S, 10°35'E,
600-700(0) m, 26/07/1927, stn 26BjscoveryExpedition, TYF;NHMUK 20160085

I, ML 93 mm, 15°55'S, 10°35'E, 66D0(0) m, 26/07/1927, stn 26Biscovery
Expedition, TYF;ZMH 33989, Il , ML 62 mm, 17°36'S, 28°53'W, Brd, 160/ 660m,
23/05/1966, RWVvalther Herwig stn 190, cruise #15, coll. SchudSMT
Unaccessionedll , ML 79 mm, 22°59'S, 13°59'E, Namibia24i 335m, 31/01/1978, V
89;NIWA 71843, 21 , Il , ML 196, 175, 167 mm, 24°41.06'S, 13°19B)@Namibia,
836 m, 24/07/1997, stn Z8930SNM 12215841 , ML 154* mm, 39°45'S, 17°40.2'W,
2000 m, 13/03/1971, RWalther Herwig 38471, 1600 mesh Engel trawliSNM
885298 21 , ML 75*, 42 mm, 40°01.8'S)7°28.2'W,300/ 320m, 18/03/1971, RV
Walther Herwg, 40211-71, 1600 mesh Engel trawlSNM 8166771 , ML 168 mm,
40°18'S, 35°07.2'W, Argentina, 2000 m, 09/03/1971 \WRalther Herwig 36771, 1600
mesh Engel trawl.

Unlocalised material examined24 specmens) NHMUK 1909/11.27.1 1 , ML 95
mm, off W. of reland, 27/06/1909, HolN\HMUK 1912.3.19.21 , ML 44 mm, W of
Ireland, 19/03/1912, HoltlyHMUK 20100488 | , ML 70 mm, NE Atlantic, off NW
Africa, 04/02/1968DiscoveryExpedition;NHMUK 20160096 | , ML 57 mm, NE
Atlantic, off NW Africa, 0 170 m, 08/02/198, stn 6650DiscoveryExpedition,
TMT90; NHMUK 20160102 sex indet., ML 43 mm, NE Atlantic, off NW Africaj O
170 m, 08/02/1968, stn 669DiscoveryExpedition, TMT90ZMH 11160, | , ML
168* mm, NE Atlanti¢ 1982, RVWalther Herwig stn 38x, cruise #52EMH 11162
[ ,4l, ML 167* 98* 91* 79* 72* mm, NE Atlantic, 00/06/1982, RWalther
Herwig, no stn, cruise #52BMH 11163, 1 , sex indet., 3 , ML 171, 147, 127*,
112*, 55* mm, NE Atlantic, 00/06/1982, RWalther Herwig no stn, cruise #52B;
ZMH 11183, | , ML 25 mm, NE Atlantic, 17/06/1982, RWalther Herwig stn 395,
cruise #52BZMH 11212, Il , ML 69 mm, NE Atlantic, 00/06/198 RV Walther
Herwig, no stn, cruise #52MH 11227, 21l , ML 161, 142 mm, NE Atlantic,
00/06/1982, RWValther Herwig no stn, cruis¢52B;ZMH 11230, | , ML 190 mm,
NE Atlantic, 00/06/1982, RWValther Herwig no stn, cruise #52BMH 11242, | ,
ML 173* mm, NE Atlantic, 00/06/1982, RWalther Herwig no stn, cruise #52B;
ZMH 11186, I , ML 111* mm, Patagonia, Argentina, 1966, no stn, créikg, coll.

Schulz ZMH aus 32, 1| , ML 167 mm, no stn
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Additional genetic sampleq7 sample3. DE0304/6 sex unknown, ML unknown,

39°58.9N, 67°32.3W, 1415 m, bottom depth 2252 m, 15/05/2003, 05821, RV

Delawarell, stn 6, 3. 86 2 A CwatesdPT, noil. MyVec@hloned 4 3 & ,
DEO0506/5 sex unknown, ML unknowr39°50.89N, 67°26.44V, bottom deth 2114

2257 m, 13/04/2005, 1182232, RVDelaware 1| stn 5, midwater [YGPT, coll. M.
Vecchione,DE0506/15 sex unknown, ML unknowr89°05.76N, 67°18.43N, Bear

Seamount slope, 8566360 m, bottom depth 2712970 m, 17/04/2005, 1853953, RV
Delawarellst n 15, 3. 712AC, salinity 36.061a,
DEO0304/9 sex unknown, ML unknowr39°49.4N, 67°24W, 1475 m, bottom depth

2767 m,16/05/2003, 0540647, RVDelawarel, stn 9, 3. 689AC, sa.
midwater IYGPT, coll. A. Linigren;DE0304/3 2 sex unknown, 2 ML unknown,

39°49.2N, 67°27W, 1583 m, 14/05/2003, 0814914, RVDelaware I} stn 3,

3.591AC, sal i nietl¥GPB doll. $11VecEhioneDEO6I /& DPMNH

234371, sex unknown, ML unknowrg9°52.76N, 67°32.4W, bottom depth 2604 m,
17/06/2006, 0220544, RVDelawarel, st n 8, 3. 535AC, salini
IYGPT, coll. A. Lindgren.

Distribution (Fig.8A). Temperate and tropical Atlantic, 30 40°S, including
Mediterranean; presence in Gulf of Mexico, Caribbean Sea unceftaQ@ m,
possibly deeper.

Diagnosis Accessoryclaws short, broad pointsiner angle of main cusp ofra hooks
acute in distal 70%f pairs Arm Il buccal connective dorsalewtral protective
membrane attaches basally to Arm #hterior fin margin at %% ML in adults, 8

16% ML in juveniles

Description (ML 61i 206* mm, Figs 6F, 8B15). Mantle conical to weakly goblet

shaped; widst at anterior margin, width 235/ 43 %ML; weakly muscled; tail short,
length 12 20i 25% ML; dorsal anterior margin smoothly rounded, ventral margin with
slight indentation between mantle components of locking apparatus. Fins long (length
701 751 80% ML), vey broad (width 88100/ 113% ML), greataswidth attained at their
midpoint, ~50% ML; anterior margin at @ 10% ML; width of fin continuation along

tail ~2% ML. Paired PVMPs circular, diameter ~1.6% ML; set close together (distance
between photophores ~7RAL), medially along posterior ventral mée. Anterior fin

insertion tapering posteriorly to blunt rounded podapth 13171 20% ML, width 8
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Fig. 8 Octopoteuthisicula A) Distribution (solid star indicates type locality, hollow
startype locality forO. 'danaé Joubin, 1931); B) adult; C) juvenile; D) pdatva,
(Escanez_11 5 D, sex indet., ML 9.1 mm)NEJMUK 1845.9.8.13holotype, sex
unknown, ML 19 mm; F) ZMUC CEB9, O. 'danaé holotype,ll , ML 28.3 mm; G)
atypical PVMP presentain (see juvenile description), ZMH 11203, sex indet., ML 45
mm. Scale bars B) 25 mm;C, E, F) 10 mm; DG) 5 mm.
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131 16% ML.

Headtrapezoidaln outline, stockylength 5i 28/ 37% ML, width 26i 30i 33% ML,
depth 2025% ML. LHP triangular, length6% HL (~1.5% ML). Eyes very large,
diameter 6678/ 91% HL (18 21i 25% ML), with large lenses, diamete86% ED.
Funnel lengthl9i 23i 28% ML; aperture width +5% of funnel lengthlevel with
poserior margin of éns; funnel valve tall, broad; funnel groove shallow. Funnel
component of locking apparatus subtriangular (84, groove broadest posteriorly
(~80% cartilage width), narrowing antemaeedially to slender channel; medial margin
of grooveconcaveproducirg raised plateau medial to groove; lateral margin convex to
slightly sinusoidal, with smaller plateau antelaterally; length 8% ML, maximum
width ~5% ML. Mantle component of locking apparatus oblique, conical, broadly
triangular posteriorly narrowingapidly antericmediallyto slenderidge in anterior
half (Fig.9B); surrounded by narrow groovedaally and anteriorly; length 98 ML,
maximum width 4% ML. Nuchal cartilageectangular to oblong with straight parallel
or slightly convex lateral margsn anterior and posterior margins rounded, weakly
pointed anteriorlyKig. 9C); dorsal surfaceith medial groove flanked by ridges
(grooveandridges of equivalent width), flanked by broader grooves pointed anterio
medialy; length ~12% M., maximum width~6% ML; set on rhombic cartilaginoysad
of equivalent length, width ~170% nuchal cartilage width. Buccal connective on Arms
Il dorsal (Fig.7C), ventral protective membrane attaches basally to Arm Ill; Arritk

with pared buccal connectives, Arms Vit weakly paired connectives set closely

k“‘g;c%’t{"’-‘ﬁi"‘ :

S et
Y e AR

e

Fig. 90 Octopoteuthisicula Ai C) USNM 1283032|l , ML 122mm. A) funnel

component of locking apparatu®) mantle component of locking apparatG$;nuchal
cartilage Scale bars AiC) 2 mm.
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together, vetally. Six pores in buccal membrane: one between paired connectives of
Arms |, one between Arms Il and Il ventral to Arm Il buccal connective, and one
between Arms IIl and IV. Olfactory papillae short (height ~2% HL), elliptical (breadth
~2.7% HL), flesly knobs without sculpture.

Only four subadult specimens with intact, r@generating arms (marginally more
among juveniles, see below), comprising only tf@ach of Arms Il and Ill, and one

Arm IV; Arm Il length ~106% ML, Arm IIl length ~83% ML, Arm I\ength 98% ML;
oblong in crossection becoming circular distally; with 229 pairs of hooks in thick
fleshy sheaths, followed by 8+1 pairs of suckers daly. Arms slender, tapering
gradually to tips. Arrrtip photophores occupy distalost ~7% AL (phtophore length
~8% ML); swelling slightly to midpoint, tapering distally to blunt tip or slight bulb; arm
hooks terminate proximal to photophore, distelg suckers overlie photophore
proximally. Single large oval photophore embedded deeply in basearsf WirlV;

largest in Arms 11l (2.9 mm in specimen ML 171 mm; ~6% HL, ~1.7% ML), smallest in
Arms Il (1.9 mm in specimen ML 171 mm; ~4% HL, ~1.1% ML). Photoplseries

along ventral Arms lll, IV beginning ~25% HL (~7% ML) distally from abase
photophors; comprising dozens of oval to circular photophores considerably smaller
than base photophores (diameter ~1 mm in specimen ML 171 mm), decreasing in size
distally; terminating proximal to artip photophore. Gelatinous tissue along aboral
arms often prodeed into low keels from base to tip; keel breadth increases distally

relative to arm depth.

Arm hooks robust (Figg0AT O); largest in pairsi¥® of Arms Il,decreasing gradually

in size distally slight decrease in size proximalMain cusp long, smoothlgurved

Fig. 10 (following paged Octopoteuthisiculaarmature Ai C) NHMUK 1845.9.8.13
holotype,sex indet. ML 19 mm; D, E) ZMUC CER89, holotype O. danag, Il , ML
28.3 mm; F, G) USNM 128303R2,, ML 122 mm; H K) USNM 728875l , ML 176
mm; Li O) NIWA 718431 , ML 196 mm; P S) Escanez_12 | N, ML 220 mm Ai
C) 11V hook, Arm IIL: (A) lateral profile, (B) accessory claws (arrows) as low carners
(C) oral; D, E)6D hook, Arm IIL: (D) lateral profile, (E) aboral; F) 13D hook, Arm IL,
without (arrow) accessory claws (inset, oblique); G) 4V hook, Arm IL (inset, oblique);
H) 10D hook, Arm IL; TK) 6V hook, Arm IL: (I) lateral profile, (J) aboral, (Kpp; L)
18D, ArmlIIL; M i O) 2V, Arm IlIL: (M) lateral profile, (N) aboral, (O) top; P, QYy'7
arm sucker (series, arm unknown): (P) oral, (Q) sucker ring dentition; R 82
sucker (series, arm unknown): (R) oral, (S) sucker ring dentiicale bas =A, C, Q,
S) 1® pum; B) 25 um; DG, P, R 200 um; HK) 0.5 mm; i O) 1 mm.
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finely pointed distallysmooth laterally or with one or two shalldateralridges
maintaining similar width aborally ardterallyalongjunction wth baseinner angle

~90° in basal hooksacute (~6080°) among distal 75% of pairgperture open, broad

oval except in mature male (USNM 728875, ML 176 mm) where aperture rim expanded
inward leaving only tall narrow gapccessory clawsypically presenas low points,
straight to slightly curved; but variable, ranging from entirely absent (Fig. 10F)yto ver
long straight spurs (Fig. 10M), also as low corners (Fig. 10G) or short broad triangles
(Fig. 10L).Aboral hood absent. Bases crenulated, most prembaro-laterally.

Proximal hooks stouter than distal hooks, with relatively larger bases (width and
brealth). Arm suckersn thin fleshy sheaths similar to hooks, sheaths with
chromatophores proximally; borne on short stalks; suadsmmetric, domedroad
laterally (Figs 187 S); dentate apically, basal ~600% of circumference smooth; series
of raised lunps apical of infundibular teeth underlying sheath roughly correspond to
tooth series. Basal sucker dentition symmetrical: apical tooth longest, droades
triangular, pointed; flanked on both sides by six teeth; medétéeth pointed, roughly
equal in legth; lateral teeth rounded, decreasing in length. Dentition of suckers at
midpoint symmetrical: apical tooth triangular, broad, pointed; flanked cim ®de by
slightly shorter tooth, then longer tooth equivalent to apical in length but more conical,

then three conical teeth decreasing in length.

Tentacles absent, traces only remain inerstae (see life stage description below).

Recti abdominisnuscles (Figs 5E, F) form discrete muscle bands straddling rectum
anteriorly, posteriorly merging and fag over rectum; weakly attached to rectum and
immediately adjacent dorsal tissues dorsalhteriorlyinserting under dorsal
component ofunnel organbeyond rectunposteriorly expanidg into thinsheet
attacling to ventral surface of visceral mass;gmnearscircular photophore on dorsal
surface of each muscle at ~30% ML anteriorly; small, widitb8496% width of
muscle band (~1.7% ML); centredgtightly medially setpearly white, slightly raised
dorsally. Rectum free briefly anteriorly, termimagijust inside funnel posterior to
dorsal funnel organ concavity; laterally bearing two moddeatgth aal flaps length
~1.8% ML,ovate, anterior g pointed chiral dorseventrally. Ventral visceral
mesentery porsmall,diameter~0.6% ML; pore appeaiss sphincter in membrane.
Gills robust; length ~2530% ML, with 26 28 lamellae.
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Fig. 110 Octopoteuthis siculaeaks. AC, E, F) USNM 81679, , ML 126 mm,LRL
6.05mm, URL 7.15 mm; D) NHMUK 20160106 , ML 148 mm, LRL 11.19 mm. A

D) lower beak: (A, D) lateral profile, (B) oblique profile, (C) ventral view; E, F) upper
beak: (E) lateral profile, (F) dorsal view. Scale bars =5 mm.

Lateralprofile of lower beak.05 8.96mm LRL, Figs 11Ai D) equally long and deep
with distal wing tips extendinigeyond rostral tip by 103/ 20% baseline; rostral tip
with shallowto distinctnotch; jaw edge visible, slightly concave, with short-gage
extenson; jaw angle 90°arelyobscured by low, rounded wing fold; depth antetwor
jaw angletypically greater than posterior. Hood low over crest, lel3@h35i 38%
baseline, with shallow hood groovereStdistinct, lateral wall between crest diatd
unpigmentedjength62i 68i 77% kaselinetip freewith concaveventral marginstraight
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to slightly curving.Lateral wall with straight, narrow, rounded folggoducedaterally

in crosssection, not increasing in breadth posterigolyyduced into shelf alorgnterior
~50% of hood lengthposteriorateral wallmargin slightly cured free corner beyond
crest tip; lateral wall fold (especially anteriorly) and crest more darkly pigmented than
remaining wall. Wings broaden distally, greatest withi3 218 248% that at jaw

angle length66i 851 108% LRL;with cartilaginous paddecreasig in prominence
through ontogenyentral view with very broad, shallow notch in hood; free corners
level with innerwing margin All beaks examined fully pigmented excluding largest
(USNM 816677]) , ML 168mm, LRL 8.96 mm): hood, crest and lateral wallyful

pigmented, wings unpigmented

Lateral profile of upper beakl (15 8.17mm URL, Figsl1E, F) longer than deep,
maximum depth ~8% of length. Rostrurtong, ~3% UBL, curved ventrdy, with

distinct jawedge extension; jaw angdeute(70i 80°) except indrge male (USNM
728875, ML 172 mm) whered9 due to loss of shoulder cartilgdew ridge of cartilage
present orally along shouldemal shoulder margin straightiood long (length-82%

UBL), moderately tall (~2% UBL); junction of hood and free shouldgightly

concave Lateral walls approximately rectangular wittaximum depth in posterior
guarter posterior margin straight. Dorsal view with posterior margin of hood straight,
pogerior margin of cresslightly concave, posterior margin of crest pignagian

slightly concave Smallest beak examined fully pigmented excluding free shoulder and

ventreanterior quarter; fully pigmented in beaks >7.9 mm URL.

Radula(Figs 12A1 C) somewhavariable in morphology among specimens. Rachidian
tricuspid: mesocone moderately long, narrowly triangular, straight; lateral cusps long
(~50% mesocone height) straight tines or very short (~20% mesocone height) slightly
laterally directed blunnubs; bae slightly concave or slightly convex. First lateral tooth
basebicuspid: inner cusp narrowly triangular, equal to rachidian in height, straight or
slightly medially directed; outer cusp long (80% height of inner) medially curved

tine or veryshort (1%20% height of inner) laterally directed nub; base straight. Second
lateral tooth simple, conical, ~130% height of rachidian. Marginal tooth simple, conical,
~200% height of rachidian. Marginal plate absent. One specimen (Fig. 12D) with
asymmetrial radulaleft side with 3 series of teeth lateral to rachidian (normal), right
side with 4 series; 8 series of teeth for entire length of radula; first and second right

lateral tooth series composed of slightly smaller teeth, both slightly different in
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morphologyto left first lateral series; laterahost two series on both sides equivalent.
Palatine palp (Figl2E) with 361 46 broad, triangular teeth generally with broad

rounded base, eachi@®0% rachidian height, smallest orally; oral end of palp rodnde
recesse relative to majority of tootfbearing length; depth of toottearing surface
decreases posteriorly; anterior margin adentate, dorsal margin regularly dentate, teeth

evenly arranged along toebearing surface.

Gladius (39* 250 mm GL, Fig. 12Jverybroad and very thin (<0.1 mm thick),
delicate, transparent; greatest widthi(12% GL) at ~B% GL; rachis broad, evenly
concave; free rachis7% GL, pointed anteriorlysmoothly wideningposterioly to
maximum width (~2% GL) at posterior terminusoply demacated from vanes; vanes
broademuickly to maximum width, then taper gradually for remainddeafjth short
conuspresent (3% GL); very fragile into which tissue inserts (the traction of which

often results in breakage during dissectidtgsterior e of gladius curved ventrally,

with vanes bending ventimedially.

ocC

Fig. 120 Octopoteuthis siculaAi C) USNM 816679| , ML 126 mm; D, E) NIWA
71843,1 , ML 175 mm; F) USNM 1192570, , ML 204 mm, GL 250nm. A D)
Radulae; E) palatine palp) Bladius with crosssections. Scale bars = A, D) 1 mm; B,
C) 0.5 mm; E) 2 mm; F) 25 mm.
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Colour (preserved)n aduts deep purple to pink over all external body surfaces where
epidermis remains intact; overlying gefatus layer unpigmented except rugose furrows
in females; arm tips over photophores dark purple; chromatophore patch overlying
posterior ventral mantlehptophores darkest postetaterally. Inner mantle surfaces

and viscera unpigmented. Fresh specimeandasi but colours more brilliant:

pigmentation redder, nguigmented tissues whiter or translucent.

Juvenile specimens (MR5.2° 57 mm, Figs &, F) as dove, with the following

exceptions. Mantle conical, width 3201 46% M; tail short, lengthi8L5 21% ML;

PVMP diameter ~2.5% ML, spaced ~9% ML apart, outline of overlying chromatophore
pattern discernable in smallest specimen as single rings of larger diadepurple
chromatophores connected posteriorly, posterior chromatophore band present by ML 30
mm. Recti photophores ~2% ML. Fins very wide (1125 137% ML); anterior margin

of fin more posteriorly set relative to adults, 418 16% ML. Head length™® 42/ 47%

ML, width 321 371 46% ML. Arm length 6v82 102% ML; formula lI>11I>1V>I. Arms

with two series of fully developed hooks, smallest specimen already with developed
accessory claws. Tentacles entirely lacking. Single specimen witkchdgured

transvese bar between anterior PVMP (Fig. 8G); appearing continuous with organs,

similarly colouredpccupying similar depth in tissues.

Postlarval specimenéML 71 9.5 mm, Fig. 8D) as above, with the following exceptions
(measurements based on Escanez_11 &eXindet., ML 9.1 mm, excepted where
noted). Posterior ventral mantle tip recessed relaby®sterior fin margins, no tail.
Faint rings of single chromatophores visible in approximate location of PVMP, not
connected posteriorly in specigooup diagnasc pattern; photophores not discernable.
Fin width 115% ML, anterior fin margimore posteridy set, at 26% ML. Head length
62% ML. Arm hooks already developed: specimen ML 7 mm with at least some arm
hooks (damage prevented more detailed observatgpegimen ML 9.5 mm with

hooks proximally to at least second pair if not bawsastt pair. Tenteles broken in
smallest specimen but already atrophying, width at tentacle base ~30% width of
adjacent arm; in specimen ML 9 mm only vestigial tentacle nubs megelatinous,
translucent, without definition or armature, length 4% ML, width at base 21 wi

adjacent arm.
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Redescription of type material (holotypesfsiculaandO. @ana& FEiRgs 8
NHMUK 1845.8.9.13 O. siculaholotype, ML 19 mm, sex ired., in fair condition.
General condition of fins, mantle, funnel, and arm hooks geogd; damage to head
causing arm crown to detach, tissue snip missing from ventral medial mantle (taken by
author in 2015), ventral mantle dissected medially; colourahidied, monochromatic.
Major morphometric indices (Table 5) align closely with measenile indices,
differences and important indices as follows. Mantle weakly gablaped; tail very

short, length ~8% ML; two PVMP discernible, chromatophore pattetmikgown due

to fading. Fins broadly rhombic (128% ML), with convex anterior and post@argin;
very posteriorly set, anterior margin at 20% ML; retaining characteristic octopoteuthid
anterior and posterior insertion morphology. Head trapezoidal, mopdsteriorly;

nuchal cartilage oblondirms short: Arm IL 60% ML, Arm IVL 50% ML; Am IlIR in
early stages of regeneration. Arm hooks fully developed basally; accessory claws
present as slightly raised corners on aperture lip; aperturstteped, rouret basally;
base crenulated. Funnel and funnel components of locking apparatus gowdry
condition; funnel set in shallow groove between eyes; aperture oriented ventrally;
locking components subtriangular, broad groove narrowing antexdally to shdbw
channel. Eyes small, 17% MRecti abdominigphotophores visible; all other

photoghores (except arm tip photophores) undetectable due to damage or fading. Status
of tentacle remnants unknown at present (at least indiscernible macroscopically); life
history stage remains unclassified at presemMUC CEP-89, O. danaeholotype, ML

28.3 mm |l , in good condition. All body regions in good condition; left eyelid tissue
dissected anteriorly, ventral mantle dissected medially; colouration typical of preserved
specimen. Measurements reported in Table 6; important indices or differences from
juveniledescription as follows. Mantle broad anteriorly (width 48% ML) due to minor
compression of mantle; tail 14% ML, two PVMP, chromatophore pattern not
characterised ainhe of examination. Fins broad (116% ML), rhombic, margins straight;
anterior fin margirat 14% ML. Head trapezoidal, width 47% ML; LHP present; eyes in
sufficient condition to identify MEP and EP, neither found; nuchal cartilage oblong.
Single arm complet, Arm IVR 69% ML; Arms [T IV with photophores embedded
deeply in base, those of 11l aid greater in size than Il; photophore series along
ventrum of axial nerve in Arms Ill, IV. Arm hooks with narrow smoothly curved main
cusps, lateral sides smooth; addaterally; accessory claws prominent; aperture
asymmetrically lenshaped. Funnel, lk;mg components in good condition, as above in

NHMUK 1845.8.9.13; funnel organ in good condition, as described above for
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OctopoteuthisRecti abdominiphotophores vible. Tentacles lacking. Immature male,

terminal organ just anterior of gill artery.

Table 6. Measurements (mm) afselection oOctopoteuthisiculajuvenile and post

larval specimens, including the holotypefdanaeloubin, 1931Mean indices were
calcul ated from specimens with undamaged
theanimal used for brachial crown measureméings the more complete side)

Specimen ZMUC ZMH USNM USNM Escanez| Mean | Escarez
ID CER89 11176 885073 1283029 11 5 D| index| 11 5 D
;3;?58 (gf)lccl)g]%e& None None None None None
Sex I | I Indet. Indet. Indet.
DML 28.3 57 49 38 25.2 9.5
MW 13.6 24 21 17 11.6 45 4.1
FL 21.6 49 39 24 20.6 77 7.3
FW 32.7 73 62 48 30.8 124 11
HL 11.0 27 21 15 8.9 41 5.9
HW 134 18 18* 14.2 115 40 3.6
Side R R R R R R
AL | NM* 36* 8* o* 18 1.1*
AL I NM* 58* 3* 6* 22.7 1.8*
AL Il NM* 40* 7* 8* 17.2* 4.7*
AL IV 18.8 35* 17* 15* 17.5 68 5.3*
AH 26 * * 26
AS 5 *1 *’*
TL 0.4

* indicates damaged chaoter not used to calculate indices.

Biology. Plots of select mrphametrics through ontogenyFig. 13)indicated decreasing
trends for fin width, head length and width relative to mantle length. Fin length was
remarkably consistent, with most values raggoetween 70 and 85% ML and fitted
values varying <1.5% ML across Mhange of nearly 200 mm; eye diameter was
similarly consistent, although this index is inherently less variable due to the smaller
absolute size of the eyes relative to the mantle. @agth and the anterior fin margin
showed a distinct, inverse relatitis with respect to mantle length, relationships all
the more noteworthy given that these are very small absolute measures but

taxonomically significant characters in some species.

Thematurity stages of 108 specimens with undamaged mantles were asghssed.
smallest mature specimen examined was ML 93 mm (NHMUK 20160038/ales
begin maturing at ML 6288 mm, reaching sexual maturity at MLi922 mm; the

largest male examined was MIZ& mm. The smallest reproductive female was ML 151
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Fig. 130 Octopoteuthis siculaselected morphometric indices through ontogenyfii\)
length (FL; hollow circles), fin width (FW; solid circles), tail length (TIL; hollow
squares), level of anterifin margin (aFm; grey triangles); B) head length (HL; bwil
circles), head width (HW; solid circles), eye diameter (ED; hollow squares). Regression
equations and Rvalues of models of best fit are shown.
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mm (ZMH 11161, in resting stage, presumed spayyriethales begin maturing at ML
701 91 mm, reaching sexualaturity at ML 151162 mm; the smallest mature female
examined was ML 152 mm (USNM1283038), the largest was ML 204 mm.

Opportunistic observations were made on 23 reproductive fenfadssLdBi G).

Female reproductive system comprised posteriorly situatad/; paired oviducts,

laterally set in mantle posterior to gills underneath sheet of connective tissue, each
anteriorly adjoining bilobed oviducal gland protruding anteriorly from under gilhyarte
paired, bilobed nidamental glands attached to vemteshbrane of visceral mass.
Measurements reported Trable7: mature females with consideraleiylarged

nidamental glandd€ngth40i 53% ML), developed oviducal glandength 14 22%

ML), and owmfilled oviducts (length 1323% ML, ovum diamete2.2 2.4 mm);

oviducts with 11 or 12 convolutions. Ovaries showed gi®ychronous ovulation,

containing eggs at different stages of development: undeveloped oocytes very small
(mean diameter 0.5 mm), whitist light cream coloured, attached in stringota@ry;

maturing oocytes slightly greaterdmmeter, cream coloured, attached; developed ova
large (mean diameter 1.6 mm), orange, slightly translucent, detached from ovary. A
well-defined and distinctly diérent reproductive morphology was also obseéiive
females of a size range overlapping that
stagebo. Resting females with considerabl

Table 7. Measurements of reproductbrgans for maturen(= 6) and restingn(= 4)
femaleO. sicula For nidamental gland (NGI), oviducal gland (OGlI), oviduct (Od)
measures, length (L) along posterianterior axis, width (W) tmsverse axis, depth (D)
dorsal ventral axis. Ov = ovary, dia.@iameter.

Mature Resting
Structure Rangelmm) % ML | Range (mm) % ML
ML 173% 206* 142% 201
NGI L 80i 103 40153 | 28.542.0 | 1524
W 10.824 61 12 4.36.5 24
D 6.4 12 3i6 15254 10814
OGIL 29 39.2 1422 | 12.214.1 7
wW 3.88.3 2i5 2.4 1.314
D 2.415.6 1i3 2.93.0 1.6
OdL 22.344.7 | 13i23 34.6 20
w 6.1110.7 35 1.37 0.8
D 4379 2i 4
Ov oocyte dia | 0.350.70
Ov ovum dia. 1.271.8
Od ovumdia. 22124

65



— = — =

A

P

Fig. 14 Octopoteithissicula Female maturity staging and reproductive sys#@&m.
Maturing (USNM 814606 ML 89 mm), nidamental glands (NGI) developirig)

mature (NIWA 71843, ML 196 mm), nidamental and oviducal (OGI) glands enlarged,
oviducts (Od) with ova, ovary (Ov) witdeveloped ova, undeveloped oocyted=)C
resting: (C) ovary thin with only attached, undeveloped oocytes, (D) regressing
sheathed nidaméad gland, (E) greatly reduced nidamental and oviducal glands (C, D:
ZMH 11229, ML 179* mm; EZMH 26070, ML 188 mm)F, G) ZMH 11237, ML

137* mm: (F) long thin spermatangia implanted along right lateral mantle, (G) unusual
scratches along external leftdaal mantle.
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relative to mature specimens (indices i2Z8@0% smaller, Table 7); nidamental

(occasionally oviducal) ghds sheathed: outer membrane loosely encasing inner
glandular tissue, inner tissue with slight bends often independent of casing; oviducts
similar in length but empty, compressed; ovaries contain dense mass of undifferentiated,

undeveloped oocytes.

Repraluctive morphology observations were made on eight meaigsi5
measurements reportediable §. In immature males, section &rminal organ
anterior to gill artery very short (~4% ML), narrow, thin. In maturing males, total
reproductive system leng{TRSL) ~50% ML, terminal organ lengthening anteriorly,
length distal to gill artery ~40% TRSL (~15% ML), not extending beyondiante
mantle margin; thin, broadening laterally, width at gill artery ~6% TRSL (~3% ML);
testis ~47% TRSL, maximum width ~9¥RSL, depth ~5.1% TRSL. Mature males
with greatly developed reproductive system: TRSL ~75% ML, distal terminal organ
extends beyondnterior mantle margin (~39% ML), length beyond gill artery@®/%
ML; maximum width ~16% TRSL (8L2% ML) at ~60% TRSL, widit at gill artery
(~6% ML); testis kidney shaped, length 44% TRSL (~33% ML), width ~16% TRSL
(~12% ML); thin (~4% ML, ~6% TRSL), congsed of striated tissue. Two of three
mature males with implanted spermatangia, presumabhlnselanted during capture.

Implanted spermatangia in females (Fig. 14F) long, slender (width ~25% length; length
2.252.99 mm, width 0.580.85 mm), embedded sexficially in outer gelatinous tissue

Table8. Measuements of reproductive organs formature(n = 3), maturing(n = 2),
andmature ( = 3) maleO. sicula For total reproductive system length (TRSL),
terminal organ (TO), and testis measures, lengtlaldng posteridranterioraxis, width
(W) transverse ag, depth(D) dorsal ventral axisdist. = distal.

Immature Maturing Mature
Structure Range % ML Range % ML Range % ML
(mm) (mm) (mm)
ML 391425 100% 122 1671172
TRSL 48.6 ~45 126 75
TO Ldist. M 64i 67 37140
L dist. gill 1i3 3i6 161 20 13716 | 941109 | 5565
max. W 12.520.0| 812
W at gil 2.8 3.5 ~3 7.911.3 517
Testis L 22.8 ~20 55 33
max. W 4.4 ~4 19.7 12
D 2.5 ~2 7.3 4
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Fig. 15 Octopoteuthisicula Male maturity staging and reproductive systé&mB)
Maturing: (A) lateral view of reprodugte system, (B) terminal organ (TO) developing
(MCZ 370406 ML 122mm); C) early maturing (USNM 1283032, ML 122 mm); D)
mature (USNM 1283028, ML 171 mm), developed reproductive syistsitu, E, F)
mature: (E) ternmial organ extending well beyond antemoantle margin, (F) distal tip
morphology, opening (arrow) (USNM 728875, ML 176 mm).

layers; long aboral thread (3.1 mm, 104% sperm mass length) emergent from tissues;
those implanted in males identical. Single lot (NIWA 71843, MLi1®6 mm) of two
matue females, one mature male, each with identical, small, teastiaqped implanted
spematangia; sperm mass width ~65% length (width QL7893 mm, length 1.43.76
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mm), thread length 1.31 mm (~92% sperm mass length); spermatophores of male, 13.2
mm long, 037 mm wide. Dividing the body into 9 regions (dorsal, ventral, lateral
surfaces of arsy head, mantle) of female specimens: spermatangia equally frequent in
head and mantle (38%), followed by arms (18%); most common along dorsal head and
dorsal arm base®gth 18%), followed by dorsal mantle (15%) and lateral head and
lateral mantle (both2%). However, for specimens where mature males were caught at
same station, possibility of ngtduced implantation cannot be excluded.

Remarks. Octopoteuthis siculac-occurs considerably wit®. megapteraand to a
lesser extent witl. leviuncusp. nw. andO. rugosalt is readily separated fro@.
megapteraandO. rugosaby the absence of MEPs and EPs, and from all three in having
two PVMPs overlain by a single chmatophore patch (versus two PVMPs overlain by
two separate patches@ megapterandO. rugosa and a single PVYMP with a single
patch inO. leviuncu¥ In addition adult specimens @. siculatend to have a stockier
grossmorphologycompared t@dultO. megapteraWhen collection locality is
unknown, specimens @. siculacan be difficult to distinguish from th@her members
of this species grouplhe reduced or absestcessory clawdescribed above were
uncommon irsmallO. siculaand never observed adults while O. nielsenis
characterised by reduced or absent accessory (Qdtisrare exceptions, see below);
juvenileO. nielsentend to have more posteriorly set fins than juvedilsicula

(anterior fin margin at 1119% and 816% ML, respectiely). Adult O. siculadiffer

from O. fenestrasp. nov. in having fewer and less prominent lateral ridges on arm
hooks and a tendency toward shorter tails (lengtt2@25% compared to 123/ 28%
ML), juveniles in having narrower fins (FW 1i1B32% vs 114117% ML,

resgectively).

The holotype oD. siculg collected from Messina, Italgpuld not be traced for
Stephendés (1985a) review of t HideLiginsknet s, b
al. 2000), likely having been deposited there shortly afterassdption (Gray 1849).

Select characters of the holotype were reviewed by & rab(2016), but

morphometrics were not reported. Herelrg iolotype was examined on two occasions

and, whilegenerally in good condition, key taxonomic characterg,(hotophores,
chromatophores) were indistinguishable due to fading. Two PVMP were identified, and
arm hooks were in sufficient condition to permit SEM imaging, but these were

insufficient for speific identification; historic descriptions did not refer tetnecessary
69



missing characters. Unfortunately, specimens from the type locality (Mediterranean
Sea) of sufficient size and quality to distinguish salient characters were not available
during ths study. However, to stabilise the genus, establishmeneofth y pe s peci e

morphology is essential.

Herein, only two morphological forms @fctopoteuthisvith two PVMP were identified

from the north Atlantic: form A with both PVMPs overlain togethgmalsingle
chromatophore patch and no MEPs or EPs; and fomitlBeach PVMP separately

overlain by a single chromatophore patch, with MEPs and EPs.eleab(2016)

reported on ten specimens from the Mediterranean, of which seven were matched to
form A either morphologically (Figs 5, 6), genetically (all sequeng@ecimens), or

both, including one from the Straits of Messina (speciBgillari & Ammendolia

2009, Fig. 1); the remaining specimens were insufficiently described to attribute them to
spedes. Jerelet al.concluded that only a single specieOatgpoteuthiswas present in

the Mediterranean which, while somewhat premature, may be a necessary leap in order
to stablise the genus; additional report®©afopoteuthisrom the Mediterranean wer

not suggestive of a second resident form, albeit mostlyaliaek of detail (Degner

1925; Digby 1949; Salmaet al. 1999). As such, the north Atlanf@ctopoteuthisvith

two PVMP overlain by a single chromatophore patch is herein desigDatdula

Rippell, 1844 The holotype 0O.&dana® Joubi n, edh@BBermuda @lkol e c t
demonstrated form A morphology. As such, it is designated a junior synonm of
siculaand its type specimen proposed as a neotyp® feicula Should a neotype from
closer to the type locality @. siculabe considered more apgmaate, the specimen
originally reported by Villari and Ammendolia (2009, Fig. 1; specimenlereket al.

2016), from the Straits of Messina and clearly showing the single chromatophore patch,

is proposed as a neotype followingexamination.

Overall goss morphology and reproductive morphometrics corresponded well with
those of Hovinget al. (2008) for male and femaf@. siculaoff South Africa. While

both maturing and resting females, as defined herein, can have small nidaaecis|

in maturing irdividuals nidamental glands were lengthening and thickening but still
typically straight and attached tightly to the visceral mass (as in immature females); the
inner tissues of the glands were indistinguishable from the encasinigrareanin

resting femads, inner glandular tissue appeared somewhat detached from the outer

casing, and were often curved at some point along their length; vessels were also often
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visible along the membranes of resting females. For further critique tédtieg stage,

see Disassion.

Females from a continuous size raffig 1517 204 mm) were staged as either mature

or resting, a span equivalent to 25% of
individuals may continue to feed and grow during theaepctive phase of thelives.
Resting individuals had both relatively substantial digestive glarelsgnergy storage)

and typically robust musculature (mantle, fins, arms) compared to other stages,
supporting this hypothesis; no specimens were dvsgroed in a spent séads occurs

in other groupsd.g, onychoteuthids, Bolstad and Hoving 2016).

While dgnificant gapsexistin temporal coveragef examined adult females (material
was available from six months, and few individuals freeeh month)mature females
were ony captured duringune, July and September (ML 1206* mm,n = 10), along
with the vast majority of resting femalddl( 140*i1 201 mm n = 16); maturing females
caught in June and July ranged from MLt8142 mm(n = 13). Females caught during
January, Marh, and April were staged as either maturing (MLIIIB8 mm n = 2) or
resting (ML 141% 168 mm n = 4), and the largest female caught in October (ML 108
mm) and November (ML 89 mm) were both maturing. Males were excluded fr

consideration as no variatiovas observed in their reproductive morphology.

Within a relatively narrow seasonality (Jiidaly), mature and resting individuals were
collected from | ocalities across most of
suggstingthatsuitable oceanographparameters for spawning occur throughout the
Atlantic during this timeframéVhen mature or resting individuals were collected, they
were more often caught in groups than were groups of exclusively immature or
maturing indviduals. Of the 105 stations saited, stations that captured at least one
adult (mature or resting, male or female; 38) caught a significantly higher number of
individuals on average than stations where adults were not coll§¢eed (ctheét or
unequal variances and sample sizes,1.867,df = 46, onetailedP = 0.0342). This is

best demonstrated from a station in the-atth Atlantic which landed fiftee®.
sicula(ZMH 11165, 11202, 26070), twelve of which were mature or resting (the
remaining three comprised one immaturecegpen and two heads likely also from

adults). An additional four stations caught four or more adults (totaling 13% of stations

which caught aglts), compared to only four stations (6%) which caught four or more
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exclusively immature or maturing individualBhis clustering of mature individuals
suggests that adults may form small spawning groups, or that water layers targeted by

trawls were alsdérequented by mature specimens.
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5.1.1.2. Octopoteuthis nielsenRobson, 1948 Table 9, Figs 1617)

OctopoteuthisiielseniRobson, 1948: 12421, Figs 24; Young (1972): 43Dana
specimen.

OctopoteuthifRkuppell, 1844 Young (1972): 43Eltanin specimenifow USNM
81735).

Type material (2 specimes). NHMUK 1947.7.7.1Q Syntype, sex indet., ML 18 mm,
4°50N, 87°00W, 60 miles S of Cocos Island; D090 m, 02/06/1925, 1430 Hxrcturus
Oceanographic Expedition, stn. 7470, No. 34, SYArcturus tow net, coll. W. Beebe,;
NHMUK 20180142 Syntype, sex indet., est. ML ~13* mm, 47$087°00W, 60 miles
S of Cocos Island,i@32 m, 02/06/1925, 1430 HrcturusOceanographic Expedition
stn. 74, 169, No. 33, SYArcturus tow net, coll. W. Beebe.

Additional material examined (19 specimens)USNM 8145981 , ML 27 mm,
11°52.8N, 144°48W, off Hawaii, USA, 461 50 m,18/10/1969RV Townsend
Cromwell stn 4617,Cobb MWT,Sango ExpeditionJSNM 8146041l , ML 58 mm,
11°492'N, 144°51W, off Hawaii, USA; SBMNH 51435 Il , ML 21.9 mm,10°25N,
86°12W, off Cabo Vehas,Guanacaste;osta Rica969 m,05/06/1973,RV Velero IV,
stn 18880JKMWT; SBMNH 51354 Il , ML 32 mm (mantle aly), 10°22N, 88°00W,
off Cabo Velas, Guanacastépsta Rica3347 m,10/051973,RV Velero IV, stn 18880,
IKMWT, coll. R. Pieper SBMNH 49345, sex indet. ML 23.6 mm,10°22N, 86°28W,
off Cabo VelasGuanacasteZosta Rica3658 m,05/05/1973RV Velero IV, stn 18883,
IKMWT, coll. R. Pieper SBMNH 51237 Il , ML 148 mm, 10°17.1'N, 87°455W, Cabo
Velas,Guanacaste;osta Rica3234 m,11/051973, RV Velero IV, stn 18926,
IKMWT, coll. R. Pieper SBMNH 49452 Il , ML 36 mm,08°27.5N, 84°125W, Costa
Rica,914 m,26/05/1973 RV Velero IV, stn 19033JKMWT, coll. R. Piepey SBMNH
49463 sex indet.ML 16.5 mm,06°49.4'N, 82°563W, Guanacaste&;ostaRica,
15/06/1973 RV Velero IV, stn 19077]KMWT, coll. R. Pieper SBMNH 51289 sex
indet.,ML 32.5* mm,04°49.8N, 82°39W, off Guanacast&;osta Ricadepth unknown
(possibly 300 m)10/06/1973,RV Velero IV, stn 19118]KMWT, coll. R. Pieper
NHMUK 20150468 | , ML 36.5mm, 04°45N, 78°02W, Columbia,910 m,
03/04/1938Beebe 38903, stn 23Bastern Pacific Zaca Expeditiomet T-1; USNM
12830431 , ML 33 mm,07°35S, 82°22W, NW of Trujillo, La Libertad,Peru,10 m,
13/03/1%66, RV Anton Bruun SEPBOP/14/570/0 cm netUSNM 8173511 , ML 121

mm, 07°46.5'S,81°30W, Peru,683 m,07/06/1%2, RV Eltanin, USARP/3/34,
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IKMWT, coll. University of Southern California, Department of Zoolpg{sNM
12830421 , ML 34.4 mm,08°47S,83°32W, W of Truijillo, La Libertad Pew, 500
700 m,12/03/1%6, RV Anton Bruun SEPBOP/14/569AKMWT; USNM 1283044
sex indet.ML 46.6 mm,31°48S,87°312'W, NW of San Fernandez Island3hile,
23/02/1%6, RV Anton Bruun SEPBOP/14/55MCZ 278555 sex indet.ML 28 mm,
33°16S, 72°36W, Chile, 0-(165-170)(350-370)}0 m,05/01/1%66, 0145 0630(+4) hrs,
RV Anton Bruunstn 2, cruise XI1110"' IKMWT (BDT, Foxton trousersMCZ
2785241 , ML 32 mm,33°32S, 73°35W, Chile, 0-(100)}0 m,01i 02/021966,2355
0310(+5) hrs,RV Anton Bruunstn 53, cruise XIII10' IKMWT; MCZ 278486 sex
indet.,ML 14 mm,33°42S, 75°53'W,Chile, 0-280-0 m,30/01/1%66,1823 1913 (+5)
hrs,RV Anton Bruunstn45, cruise XlI1,10' IKMWT (BDT); MCZ 278531, sex indet.,
ML 39 mm,33°46S, 75°17W, Chile,0-(270)}0 m,31/01/1%6,0329 0540 (+5) hrs,
RV Anton Bruunstn 47, cruise XII,10" IKMWT (BDT); NIWA 105442, 1 , ML 77
mm, 36°2309S, 73°3395W, Chillan, Chile,440 m,stn 251

Comparative material (6 specimens)SBMNH 49911 sexindet.,ML NM, 10°15N,
88°30'W, off Cabo VelasGuanacasteZosta Rica3246m, 09/051973,RV Velero IV,
stn 1910, IKMWT, coll. R. Pieper SBMNH 49434 sex indet. ML NM, 10°08N,
88°41.14W, off Cabo VelasGuanacaste;osta Rica3347m, 09/0591973,RV Velero
IV, stn 18906 IKMWT, coll. R. Pieper SBMNH 49435 3 sex indet. ML NM,
09°15N, 84°55.58W, off Cabo Blanco, Puntarend3osta Ricab0m, 17/051973,RV
Velero IV, stn 8951, IKMWT, coll. R. Pieper SBMNH 4944(Q sex indet. ML NM,
08°34N, 84°15W, Guanacaste;osta Rica300m, 18/101966, RV Velero 1V, stn
19028 IKMWT .

Distribution (Fig. 16A).Eastern tropical and southern Pacifit;Ni 36°S, 144 72°W,
07 1100 m.

Diagnosis.Accessory clawserylow pointsor absent, rarely prominentner angle of
main cusp ohll aam hooksacute Arm Il buccal connective dorsal, ventral protective
membrane attaches basally to Ailinanterior fin margin at 57% ML in adults,11i
19% ML in juveniles

Description (ML 1217 148 mm Figs16Bi 17). Mantle conical to weakly goblet shaped;

widest at anterior margin, width ~41% ML; weakly muscled; tail thick, length ~17%
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ML; dorsal anterior margin slightly produced medially, ventral margth slight

indentation between mant@mponents of locking cartilage. Fins large (length ~74%

ML), broad (width ~95% ML); anterior margin at 6% ML, greatest fin width attained at
~60% ML; width of fin continuation along tail 438 ML. Paired posterior ventranantle
photophores circular, diamet~1.3% ML, very closely set, distance between

photophores ~3.6% ML; embedded basally in gelatinous tissue layer near junction with
mantle muscle tissue; together covered by single opaque chromatophore patch, often
abraded during collection giving appeaca of single chromatophore ring encircling

both photophores. An tsbapadaepth~li8% ML, widtlre r t i o n
~14% ML.

Headtrapezoidaln outline, length ~35% ML, width ~34% ml, depth +30% ML.
Singletriangular photophore present latéyaposterior to each eye (underlying
olfactory papillae), length ~5% HL (~2% ML). Eyes large, diameter ~67% HL (~23%
ML), with large lenses, diameter ~35% ED. Funnel length ~29% ML, funnel groove
shallow; aperture witit~20% of funnel length, level withopterior lens margin; funnel
valve tall, broad. Funnel and mantle components of locking apparatus, nuchal cartilage
as inO. sicula funnel component subtriangular, length ~12% ML, maximum width
~7% ML; mantle componermtbliquely set, length ~10%ML, maximuwidth ~4% ML;
nuchal cartilage oblong, pointed or rounded anteriorly, length ~10% ML, maximum
width ~4% ML, tapering posteriorly. Buccal connectives and pores@ssitula
Olfactory papillae short (length ~4% Hlglliptical (breadth ~2.5% HL), fleshknobs

without sculpture.

No complete, nomegenerating arms among adult specimens (see description of juvenile
specimens below); oblong to circular in cregstion. Arm hook pairs not counted,
regenerating arms witkix pairs of suckers at tips. Sindgégge, oval photophore

embedded deeply in base of ArmislM, smaller in Arms Il. Photophores of Arms lll,

IV series oval, much smaller than abase photophores; presumed to extend to arm tip.

All arms with gelatinousiboral tissue, depth ~30% arm deptbximally.

Arm hooks robust (Fig. )7largest in pairsi® of Arms Il, decreasing gradually in size
distally. Main cusp long, smoothly curved; smooth laterallyely withshallow lateral
ridges breadth aborallynantained along junction with base or narrowingner angle

acutein basal hook$70i 80°), becoming increasinglgcutedistaly (50i 60°); aperture
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Fig. 16 Octopoteuthis nielsend) Distribution, staindicates type locality, hollow
circles @mparative MaterialB) adult; C) juvenile (USNM 1283048,, ML 33 mm);
D) postlarva (SBMNH 51435 , ML 21.9 mm); E]NHMUK 1947.7.7.10syntype,
sex indet., ML 18 mm; F) SBMNH 5123[F, ML 148 mm. Scale bars B, F) 25 mm;
C,D) 10 mm E) 5 mm
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open,ovalto teardrop shagm Accessory claws typicallgbsent oasvery low points;
rarely as prominent slightly curved cuspdoral hood alent. Bass crenulated, most
prominent orelaterally. Proximal hooks stouter than distal hooks, with relatively larger
bases (width and badth).Arm sucker morphology not examined due to limited

material.

Tentacles absent, only traces remain inerstee (see below).

Recti abdominignd rectum morphology (FI§E, B as inO. sicula Rectiphotophores
nearcircular, at ~30% ML anteriorlydiameter ~2% ML, nearly centred, comprising
~70% ofrecti abdominisvidth. Anal flaps of moderate length, ~2% ML. el

visceral mesentery pore small, diameter ~0.5% ML. Gills robust, length ~27% ML, with

261 29 lamellae.

Lower and upper beak, radufalatine palps, and gladius not examined due to scarcity
of subadult and adult specimens.

Colouration(preserved) in adults deep purple to pink over all external body surface
where epidermis remains intact; overlying gelatinous tissue unpigmented; suoneip
photophores dark purple; posterior tail tip darkly pigmented; chromatophore patch
overlying postrior ventral mantle photophores darkest posteriorly. Inner mantle
surfaces and viscera unpigmented. Small individuals with large, distinct

chromatophorg evenly spaced across all external surfaces.

Juvenile specimens (ML 23.66.6 mm, Fig. 16C) comprigaajority of available
material; characters and indices differ from above as follows. Mantle broad, width 39
48i 56% ML, tail length 1817% ML; posterior entral mantle photophores spaced
~14% ML apart, photophore diameter ~4.3% ML. Fins long T8187% ML), very

broad (1211281 144% ML); anterior margin of fin at 115 19% ML; anterior fin
insertion shallow (depth 125i 18% ML), broad (width 1822i 26% ML). Head length

311 38 42% ML, width 37 41i 46% ML; eye diameter 1221 27% ML, lens diameter

271 311 36% ED; fumel length ~30% ML, aperture width ~23% funnel length. Arm
length 69 95i 128% ML; formula lI>II>1>1V; with 237 30 pairs of hooks in fleshy
sheaths followe by 4or 4+1 pairs of suckers; all arms narrow gradualltige. Arm-tip

photophores occupy distalost 5 71 10% AL (length ~7% ML); proximally slightly
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Fig. 170 Octopoteuthisiielseniarmature Ai C) NHMUK 1947.7.7.1Q0syntype,sex
indet, ML 18 mm; Di G) USNM 817351] , ML 121 mm; HM) SBMNH 51237 ,
ML 148 mm. A C) proximal hook (-8, 6™ pair), Arm IlIL: (A) lateral profile, (B)
without accessory claws, (C) oblique oral; D) 19D hook, Arm IILGIE3V hook, Arm
lIL: (E) lateral profile, (F) aboral, (Gpp; H, I) 20/ hook, Arm IIR: (F) lateral profile,
(G) oblique aperture without accessory claw$1)J20V hook, Arm IIR: (J) lateral
profile, (K) oblique aperture without accessory claws, (L) aboral, (M)Sogple bars =
A, C) 100 pm; B)50 pum; D' H, J, L,M) 0.5 mm; | K) 200 pm

expanded, distally quickly tapering to slender tip; suckers overlie photophore
proximaly; arm descriptionncludedsingle posfarvd specimer{SBMNH 49462, ML
16.5 mn) as indices, counidid not differsignificantly from juvenilesTentacks
entirely lacking. Gill length ~38% ML.
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Postlarval specimens (ML 16121.9 mm, Fig. 16D), characters and indices differing
from above as follows. Mantle broad, ~60% ML,; posterior ventral mantle photophores
discernake to ML 21.9 mm(SBMNH 51435), assaated chromatophore pattern allows
species identification to ML 16.5 mm (SBMNH 49463): pair of circular gaps in sparse
chromatophores along posterior ventral mantle. Fins long (length ~86% ML), very
broad (width ~135% M); anterior margin of fin at ~17% MLlanterior fin insertion

depth ~15% ML, width ~19% ML. Head length ~43% ML, width ~41% ML. Single
specimen with complete arms, indices and counts included above in juvenile arm
description. Basamost armature in specan ML 16.5 mm nearly fully developed

hook; in specimen ML 21.9 mm, basabst hook with adult morphology. Tentacles
atrophying, reduced to translucent, gelatinous nubs without structure or definition;
length ~3% ML.

Redescription of type material (2 sypgs, Fig. 1&). NHMUK 1947.7.7.10and

NHMUK 20180142 in poor condition (the latter exceptionally so). Both previously

severely dehydrated (reported in Stephen [1985a]), subsequently reconstituted (via
trisodium orthophosphat #iff, briBle;eotbdrmands Sol |
monotonous lmwn. NHMUK 1947.7.7.10 broken into three pieces, tissue snip missing

from posterior left fin margin; unaccessioned syntype brittle nondescript mass, fins and
one arm just discernible. The few morphometrics obtained NbiUK 1947.7.7.10

align well with men postlarval indices, reasonably well (681 100% of original

measures) with those reported by Robson (1948). Ventral mantle damexed;
abdominisphotophores discernible, all other photophores undetectable daediion.

Fin length 88% ML, broadlyhombic (142% ML); posteriorly set; with broad shallow

anterior fin insertion. Head length (51% ML), trapezoidal, broadest posteriorly (width

54%). Eyes well preserved, large, 44% HL (22% ML). No arms complete. Arkn hoo

general morphology possibly affedtby dehydration; accessory claws as short, broad
pointed corners along aperture rim. Status of tentacle remnants unknown (Robson gave
no reference to tentacl elavalorjuwanik tféstagen 6 s af
withheld.

Biology. Smallest mture specimen examined ML 148 mm (SBMNH 51213)7 Most
developed female specimen examined ML 121 mm (USNM 817B8Bf)anted
spermatangiavith long, slender sperm mass (e.g., 2.36 x 0.59 mm in specimen ML 148

mm); comparable to morphology observedirsicula
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Remarks. Octopoteuthisiielseniwas thesoleOctopoteuthispecies encountered from
the southeast Pacificwib speamens from southeast ofaWaii suggest possibt=-
occurrence witlD. laticaudain that region, but can be separated by the single
chromatophore patch overlying the PVMPs and tieeace of MEPs and EPBable4).
Octopoteuthis nielsems similar morphologically to bot®. siculaandO. fenestrasp.

nov., the latter of which is also a resident of the south Pacific (although exclusively in
the west)Accessory clawarereliably praninent througbut ontogenyin O. fenestra

sp. hov.and povide the strongest character for sepacati®. nielsenifor

differentiation fromO. siculg seeO. siculaRemarks).

Robson (188) reported his specimens at ML 26 mm, which would likely groemt

with juvenile specimens examined herein. However, tissue shrinkage due to dehydration
reduced gross morphometrics td 8% 100% of their original size, notably the ML to

69% of its original length. Given the uncertainty in accurate proportions being
maintained through tissue contraction, NHMUK 1947.7.7.10 was excluded from all

mean index daulations and described separately. Detailed collection data for the

syntypes can be found in Beebe (1926).

Fourlotswere listed under Comparative Material as thveye unable to be confidently
attributed morphologically t@. nielsenidue to their smékize and the current lack of
taxonomic characters at such sizes. However, they were collected from the same region
and, for three lots, cruise that collected sevter lots ofO. nielseni Given the

scarcity of specimens f@. nielsenjtheselotswe&r i ncl uded i n the sp
distribution plot (Fg. 16Ahollow circles).
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5.1.1.3. Octopoteuthis fenestrap. nov.(Table 10, Figs 5H, 6D, 7B, 182)

Type material (6 specimensNIWA 62695, Holotype,l , ML 190 mm, 42°45.29'S,
179°58.68'W, 755 m, 136/1996, TAN9608/8, Z8497, BTNMNZ M.287225,
Paratypell , ML 43 mm, 40°39.22'S, 165°34.61'W, Valerie Guyot, Louisville Ridge,
171101 m, 1957 m, 23/03/1995, RMangaroa TAN9503/27;NMNZ M.287224,
Paratype| , ML 39 mm, 40°55.04'S, 177°24.85'E, E of Cgstint, New Zealand,7i
110 m, bottom depth 2134 m, 31/03/1995, RAhgaroa TAN9503/65;NIWA 71835,
Paratypell , ML 158 mm, 42°49.96'S, 177°12.06'W, 809 m, 21/07/1995SBW
Waitaki 28339, trawlNIWA 71844, Paratypell , ML 213 mm, 43°09.7'S,
173°51.24N, 945 966 m, 07/08/1996, TAN9609/5fne-mesh MWT;NMNZ
M.277829 Paratype| , ML 208 mm, 48°17'S, 166°08'E, New Zealabd,145m,
16/0/2007, FVTaiwa Maru8, 2388/2.

Additional material examined (39 specimens)NIWA 84375, | , ML 46 mm,41°55'S,
175°30'E, 20100 m, 00/02/1998, TAN9802/200, E6, fimesh MWT;NIWA 84388,

[ , ML 54 mm, 42°30'S, 175°30'20i 100m, 00/02/1998, TAN9802/196, E10, fine
mesh MWT; NIWA 84380, | , ML 183 mm, 42°42'S, 180°00'W, 915, 06/10/1999,
TRIP1278/09, Z9868IMNZ M.074363, Il , ML 195 mm, 42°43'S, 178°15'W, NW of
Chatham Islands, New Zealand, 18/09/1979 MRxé BabuskinaB01/106/79NIWA
10619Q1 , ML 185 mm, 42°43.47'S, 178°05.47'E, Chatham Fii8&,996m,
19/08/2015, 11481208, TAN1511/126, BTTNIWA 75728, Il , ML 234 mm, 42°42'S,
169°48'E, 742 m, 20/06/2012310 0100, TRIP3340/94, MWTNIWA 71837,1 , ML
125 mm, 42°47.17'S, 179°52.5'W, 91830 m, 21/06/1999, TAN9908/25, BTT;
NIWA 71836, I , ML 153 mm, 42°47.83'S, 176°40.99'999 m, 19/07/1995,
TAN9508/71, B309;NIWA 85959, sex indet., ML 70* mm, 42°47.92'S, 179°49.76'E,
1036 1038m, 15/06/20121336 1406, TAN1208/18, BTT;NIWA 76638, | , ML 222*
mm, 42°47.98'S, 177°10.92'W, 9280 m, 10/07/2007, TAN0709/27, BTRiWA
76606 | , ML 180 mm, 42°48.17'S, 177°T/®'W,903 910m, 14/07/2007,
TANO0709/62, BTT, OPI/DWONIWA 85958, sex indet., ML 32 mm, 42°48.65'S,
179°54.41'E, 98488 m, 15/06/2012, 1859929, TAN1208/20, BTTNIWA 76607,

| , ML 214* mm, 42°48.82'S, 177°15.6'V881 890 m, 11/07/2007, TANO709/33,
BTT; NIWA 95934, sex indet. (beaks only), fresh ML 206 mm, LRL 13.61 mm,
42°49.71'S, 179°16.62'E, 1053 m, 20/06/2005, 18345, TAN0509/8, BTTNIWA
89384 sex indet., ML 34 mm, 42°50.08'S, 176°23.04"\83D m, 01/01/2013,
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TAN1301/74, finemesh MWT;NIWA 89388, | , ML 175 mm, 42°52.23'S,
179°45.23'E863 871m, 00/01/2013, TAN1301/50, BTNMNZ M.063768, Il , ML

196 mm, 42°58.20'S, 174°35.50'E, westehatBam Rise, New Zealand, 836 m
14/03/1979, R\MJames CoaklJ03/26/79NIWA 766351 , ML 177 mm, 42°48.82'S,
177°15.6'W,1205 1222m, 18/07/2007, TAN0O709/91, BTNMNZ M.118353, Il , ML
201 mm, 43°13.5'S, 175°02.80'W, off Chatham Islands, New Zealand, 772 m,
07/01/1994, RVlangaroa TAN9401/34;NIWA 71840 (beaksNIWA 84698), sex
indet., ML 211 mm, 43°51.78'S, 174°1%:W, 789 m, 12/07/2000, SWA0001/17,
Z10750;NMNZ M.091749, | , ML 196 mm, 44°01.6'S, 178°25.4'E, SE of Mernoo
Bank, western Chatham Rise, New Zealandj 783 m, 09/12/1985, RVames Coagk
J21/08/85MV F159988 sex indet ML 166 mm, 44°11.73'S, 147°09.:69 Pedra,

1128 1130 m, bottom depth 11P8139 m, stface temperature 12.5°C, 10/11/92,
09:4211:00, SS04/92 54, demersal trawl, BWuthern SurveypCruise SS04/92,
station 54MV F78304, Il , ML 132* mm, 44°13.6'S, 1478L73'E, Off Tasmania]75
900 m, 1607/1993, MIDOC net, CSIRO Division of FisheriédWA TAN1401/69,

sex indet.)l , ML 187, 155 mm, 44°24.58'S, 178°23.7YWIWA 76636, | , VML 222
mm, 44°29.09'S, 174°53.76'W, 119201 m, 22/07/2007, 2106 hr, TAN0709/1186,
trawl; NIWA 71834, | , ML 188* mm, #°37.13'S, 177°53.94'W, 1112 m, 13/10/1998,
TAN9812/48, Z9447TNMNZ M.117830, Il , ML 149 mm, 44°40.33'S, 175°21.40'W, off
Chatham Islands, New Zealand, 92820 m, 29/10/1993, RVangaroa
TAN9309/134;NMNZ M.91410, | , ML 49 mm, 41°44.80'S, 173°04.10'E, Sk

Timaru, New Zealand, 88915 m, 19/02/198ARYV James Cook, J04/19/84, BTT;
NMNZ M.091416, Il , ML 139 mm, 44°55.7'S, 174°05.5'E, SE of Banks Peninsula,
New Zealand, 108103 m, 15/06/1984, RY¥ames Coqok]10/37/84BNMN Z
M.117419 21l , ML 192, 168 mm, 4%8.18'S, 171°13.77'E, SE of Cape Saunders, New
Zealand, 912992 m, 25/06/1992, FGiljanes 9201/024, coll. M. ClarkiNMNZ
M.306361 Il , ML 156 mm, 46°34.22'S, 166°23.15'E, Puysegur Bank, New Zealand,
732 774m, 06/12/208, RV Tangaroga TANO317/70;NMNZ M. 1178861 , ML 208
mm, 46°37.14'S, 166°16.32'E, Puysegur Bank, New Zealani3824n, 04/12/1993,
RV Tangaroa TAN9310/67;NMNZ M.287222, | , ML 89 mm, 46°39.85'S,
166°18.31'E, Puyseg@ank, New Zealand, 96266 m, 19/12/990, FVAmaltal
Explorer, AEX9/002/177;NMNZ M.306362, I , ML 162 mm, 46°44.22'S,
166°09.82'E, Puysegur Bank, New Zealand,i929 m, 07/12/2003, RVangaroa
TANO317/78;NIWA 71841, 1 , ML 162 mm, 47°12'S, 148°42'R16 1041m,

27/07/2000, 210306, TRIP13/2%, BTT; MV F159464 | , ML 157 mm, 47°10'S,
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147°42'E, South Tasman Rise, 10/01/1992, K. Staisch and A. HinsbiV £159999

| ,ML 178 mm, 47°11'S, 148°47'E, South Tasman Rise, 1115 m, K. Staisch and A.
Hinson;NMNZ M .0916601l , ML 62 mm, 47°34'S, 164°52ZE, Macquarie Ridge, New
Zedand, 490 m, bottom depth 1750 m, 30/07/1985,K¥/0 Mary, KM/111C1/85,
Bongo netsNIWA 62694, | , ML 169 mm, 48°41.75'S, 170°33.06'E, 850 m,
15/12/2000, TANO012/82, Z10631.

Unlocalisedmaterial examined(1 specimen)NIWA 84382 OS LIA 01, , ML 192*

mm, unlocalised [southern Australjadriatic Pearl coll. L. Triantafillos.

Distribution (Fig. 18A).From southern Tasmania to off eastern New Zealand, 41
49°S, 147Ei 166°W; 15/ 1250 m

Diagnosis.Accessory claws very pronent; inner angle afain cusp ofll am hooks
90°; Arm Il buccal connective dorsal, ventral protective membrane typically fusing
laterally to Arm 11l proximally in females doasally to Arms Il in males; anterior fin
margin at ~511% ML in adults, 1113%ML in juveniles.

Description (ML 62i 234 mm, Figs 18B22). Mantle conical to slightly goblet shaped
widest at anteriomargin, width 40461 52% ML; weakly muscled; tail thick, long,
length 171 23i 28% ML; dorsal anterior margin slighthroducedmedially, ventral

margin with slight indentation between mantle components of locking cartilage. Fins
large (length 70761 81% ML), very broad (width 921061 128% ML), anterior margin

at 5 81 12% ML, greatest fin width attained &0i 60% ML. Paired posterior ventral
mantle photophores circular, diamefedi 1.8 3.1% ML, closely spaceddistance
between photophore$ ¥1i 14% ML; embeddetiasallyin gelatinous tissue layaear
junction withmantle muscle tissue; together covered by single opaque chromatophore
patch, ofterabradediuring collectiongiving appearance @ingle chromatophore ring
encircling both photophoreg\nterior fin insertion blunt posteriorly, depti5% ML,
width 12 16/ 24% ML.

Headtrapezoidaln outling length 29321 37% ML, width 29 321 39% ML, depth20i
30% ML. Singletriangularphotophoreresentaterally, posterior to each eye
(underlying dfactory papilla),length~5% HL (~2% ML); occasionally with small,

faint, whitish patch approximately same location as inner epaladophoreof
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Fig. 18 Octopoteuthis fenestrgp. nov.A) Distribution, star indicates type localjti)
adult; C) juvenile IMNZ M.287224 paratype| , ML 39 mm); D) NIWA 62695
holotype | , ML 190 mm Scale bars 8, D) 50mm; C) 10 mm.

megapteraspecies group but nevdiscrete organ. Eyes large, diameteir4® 70% HL
(121 161 26% ML), with large lensegjiameter~40% ED. Funnelength25i 271 30%
ML, funnel groove shallonaperture width-15%funnel length level with midpoint of
eye; funnel valve tall, broad. Funneldamantle components of locking apparatus,
nuchal cartilage as 1@. sicula funnel componergubtrangulaiength~8% ML,
maximum width~4% ML; mante component obliqyéength~8% ML, maximum
width ~5% ML; nuchal cartilage oblong, slightly pointed antelyolength~13% ML,

maximum width~5% ML, set on rhombic cartilaginous pad of equivalent length, width
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~9% ML. DorsalArm Il buccal connectivéormed from dorsal protective membrane
fusing to buccal membrane, occasiondaitgadly, ventral protective memane discrete,
usually fusing laterally té\rm Il proximally in females or reducing idepth

proximally and fusing basally to Arms Il in mald®sjccal connectives of Arms |, llI,

IV as inO. sicula Six pores in buccal membrane: one between paired coveeof

Arms |, one between connectivesAurins Il (in females) or between dorsal connectives
of Arms Il and 1l (in males), one between Arms Il and IV (occasionatuced to
pocket in membrane). Olfactory papillsiort (length~3% HL), elliptical (bradth ~3%
HL), fleshy knobs without sculpte

Only two adults examined with complete A@yenerating arms, comprising two of
each of Arms V. Arms slender, Arm llength~121% ML, Arm Ill length ~109%
ML, Arm IV length ~95% ML, oblong to circular ircrosssection; with up to 35 pairs
of hooks in thick fleshy sheaths, followed Byto 12pairs of suckers distally. Arms
taper gradually to tips, from ~6% AL at base to ~3% at midpoint.-#grmphotophores
occupy distaimost~9% AL (photophore lengtk10%ML); of consistent thickness or
swelling dightly from photophore base to midpainistally tapering to blunt tip or with
slight bulb at tip arm hooks terminate proximal to photophore, suckeeslie proximal
third of photophore. Arabase photophore dizeter~2% AL, smaller in Arms II.
Photopheoe series along ventral Arms 1ll, IV begimg~10% AL distally fromarm:
basephotophores; comprising ~235 oval photophores much smaller than base
photophores, terminating proximal to arm tip photophoren®with gelatinous tissue

aborally, as irD. sialla.

Arm hooks robust, tall, uprigliFig. 19); largest in pairsi¥% of Arms Il, decreasing
gradually in size distally. Main cusp long, smoothly curved, without significant
broadening aborally or laterally at juion with base, typically with multiple prominent
lateralridges inner angle ~90° in deast proximal ~60% of hook pairs; aperture open,
broad oval proximally becoming narrower and teardrop shaped distally. Accessory
claws very prominent, long slightlyicved claws or long straight spurs. Aboral hood
absent. Bases crenulated, most promifegatally. Proximal hooks with relatively

larger bases (width and breadth). Arm suckers not examined due to limited material.

Tentacles absent from all material exaed (likely lost during podarval stages as in

otherOctopoteuthispp.).
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Fig. 199 Octopoteuthigenestrasp. nov. armatur@i C) NIWA 76636,Il , ML 115mm;
D, E) NIWA 76635, , ML 177 mm; FH) NMNZ M.063768,Il , ML 196 mm. A C)

3D hook Arm IL: (A) lateral profile, (B) oral, (C) apical; D) 21Nook, Arm IVL; E)

3V hook, Arm IVL; F) 17V hook, Arm IIL; G, H) 4D hook, Arm IIL: (G) lateral profile,
(H) basal view of lateral ridge$ main cuspScale bars A, EiG) 1 mm; BD, H) 0.5
mm.

Recti abdominisnuscles and rectum morphology (P, B as inO. sicula Recti
photophores neanircular,at ~30% ML anteriorly; lengtk1.3% ML, width ~1.1% ML;
centred to slightlyaterallyset, comprisingtOi 50% of recti abdominisvidth. Anal flaps

long, length ~2.% ML. Ventral visceral mesentery pore small, diameter ~0.5% ML;
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pore appears as sphincter in membrane. Gills robust; lengtl362bML, with 26 28

lamellae.

Lateral profile of lower beak (7.820.70 mm LRL. Figs 20A D) slightly deeper than

long, with distal wing tips extendirmeyond rostral tip b3 16/ 19% baselingrostral

tip with deep notch, creating distinctly pointed tip; jaw edgéble, slightly concave

due to slight bend in distal third of LRL, with short j@dge extension; jaw gle

typically 80 95°, obscured slightly by low, rounded wing fold; depth antbrimom

jaw angle greater than posterior. Hood low over crest, |e3®jtB6i 39% baseline,

usually with shallow hood groove beginning at rostral notch and continuing along hood
in line with lateral wall foldsCrestvery distincttypically with narrow strip of lateral

wall between fold and cregtmainingunpigmented at allizes length 69 721 76%

baseline; tip freewith concave notcbetween crest and lateral wallpped innearly

straight line Lateral wall with straight, narrow, rounded foldspgucedaterally in
crosssection, not increasing in breadth postdyigoroduced intashelfalonganterior

60% of hood lengthposterionateral wallmargin $raight; free cornebeyond crest tip;
lateral wall fold (especially anteriorly) and crest more darkly pigmented than remaining
wall. Wings broaden distally, greatest iid0Q 213 220% that at jaw angle, length

701 791 91% LRL, with cartilaginous pad. Ventral view with very lagh very shallow

notch in hood; free corners in line with wing breadth midpoint at siz8smn LRL,
narrowing to medial ~30% of wing breadth in size40 mm LRL. Entire beak

excluding wing pigmented by LRt7 mm; wings fully pigmented byRL ~11 mm

Lateral profile of upper beak (3.013.17 mm URL.Figs 20E, Frlonger than deep,
maximum depth 45% of length. Rostrum very lorg7% UBL, curved ventrdy, with
distinct jawedge extensigriaw angle ~80°; low ridge of cartilage preserdlly along
shoulder oral shoulder margistraight, ventrally protrudingast oot hé; carti |l
reduceddorsallyin largest beaks. Hood lorfength 76 781 82% UBL), height 14%

UBL; junction of hood anffee shouldestraightto slightly concavelLateral walls
approximatelyrectangular with maximum depth at midpoint, posterior margin straight.
Dorsal view with posterior margin of hood and crest straight or slightlgasa

posterior margin of crest pigmentation slightly concave. Lateral wall pigmentation
begins along crest, deening anterieventrally with margin of pigmentation at ~45° to
axis ofUBL. Crest and lateral wall unginented at URL <~4 mpbreadth of postesr

lateral wall pigmented by URE8 mm, free shouldeand anterior lateral wall
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transparentlateral wall fully pigmented byJRL ~11 mm, free shoulder partially

pigmentecifree shouldefully pigmentedin URL >~13 mm.

Radula(Figs 21Ai C) with tricuspidrachidian: mesocone long or very long, narrowly
triangular or conical; lateral cusps short (~30% mesoconethestfaight to slightly
laterally directed pointed nubs; base straight to concave. First lateral tooth bicuspid or
weakly tricuspid: main cuspgeal to rachidian in height, conical to narrowly triangular,

straight to slightly medially directed; when presenner cusp very low blunt corner,

Fig. 200 Octopoteuthis fenestigp. nov. beaks. *C, E, F) NIWA 76635| , ML 177
mm, LRL 10.7mm, URL 10.85 mm; D) NIWA 71844aratypell , ML 213mm, LRL
10.09 mm. AD) lower beak: (A, D) lateral pro#l, (B) oblique profile, (C) ventral
view; E, F) upper beak: (E) lateqalofile, (F) dorsal view. Scale bars =5 mm.
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~10% height of main cusp; lateral cusp prominent, height ~20% of main cusp; base
straight to slightly concave. Second lateral tooth cdnteEB0% height of rachidian;

simple in specimens with bicuspid firstdaal tooth; with corner or low ridge on medial
base in specimens with weakly tricuspid first lateral. Marginal tooth simple, conical,
150/ 200% height of rachidian. Series of regulabs lateral to marginal tooth series.
Palatine palpvith 50i 60 stout trangular(Fig. 21D) or long narrow teet(Fig. 21E),

each 3580% or 60215% rachidian height, smallest along posterior surface; oral end of
palp rounded, recessed relative to majorftiooth-bearing length; dorsal margin

dentate, densely so posteriorlgeth evenly arranged along toditearing surface.

Gladius (176 185* mm GL, Fig. 21F) broad and very thin (<0.1 mm thick), frail,
transparent; greatest width (~15% GL) at ~40% Gle fizchis ~8% GL, pointed
anteriorly, broadening posterior to maximum thi¢~3% GL) at posterior terminus,

poorly demarcated from vanes; vanes broaden posteriorly to maximum thefthaper

g

S0P S e

Fig. 210 Octopoteuthis fenestrgp. nov. A, B) NMNZ M.306361,l , ML 156 mm; C,
E) NIWA 71844, paratypd, , ML 213 mm; D) NIWA 62694] , ML 169 mm; F)
NIWA TAN1401/69 sex indet.ML 187 mm,GL 185* mm. Al C) Radulae; D, E)
palatine palp; Jgladius with crosssections. Scale bars =B, D, E) 1 mm; C) (®
mm; F) 25 mm.
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gradually for remainder of GL; conus unknown due to damage; rachis broad, evenly

concave.

Colour (preserved)n adults deep purple to pink over all external body surfaces where
epidermis remains intact; overlying gefattus layer unpigmeead except rugose furrows

in females; arm tips over photophores dark punpbsterior tail tip darkly pigmented
chromatophore patch overlying posterior ventral mantle photophores darkest posterio
laterally. Inner mantle surfaces andaera unpigmenteéresh specimens similar but

colours more brilliant.

Juvenile specimens (ML 829 mm Fig. 18Q as above, with the following exceptions.
PVMP spaced ~14% ML apart; tail lengthi 131 22% ML. Fins moderate in length
(661 701 72% ML), wide (416% ML); anteriormargin of fin at ~12% ML. Head length
321 421 45% ML, width 32 40i 44% ML; eye diameter ~51% HL (~21% ML). One
specimen with three intact arms: Arms | length ~101%, Arm Il length 133% ML.
Tentacles entirely lackingrecti abdominiphotophaes nearly full widh of muscle.

Etymology. The specific epithdenestra( imvd o w, an o p ewasahasenf or |
to recognise the taxonomic significance of the postegittral mantle chromatophore

patch. The differing morphology of the chromatophore patch was fiedileshed

during comparisons betweéh fenestrasp. nov.andO. rugosafrom New Zealand

collections, and was crucial in the initial delimitationQdtopoteuthispecies

Biology. Smallest mature specimen examiméd 156 mm (NMNZ M.306361 Il ).

Smallest presumed reproductive female ML 175 mm (NIWA 89388, implanted with
spermatangia). g&rmdangia globulaflength 1.782.06 mm, width 1.101.27 mm),

with short rounded sperm mass a®inrugosaand otheOctopoteuthispecies but not

O. sicula andO. nielsenj genetic sequences obtained from implanted spermatangia
from two femaleO. fenestrasp. nov. were conspecific (single lot@f siculafrom off
Namibia [NIWA 71843, 2 females, 1 male, all mature] also with globular implanted
spermatangiaMated femalesparsely implanted, most commonly in rugose furrows of
anterior ventral mantle, along ventral head and arm bases; one specimen with several
spermatangia in buccal membrane. Male reproductive system greatly enlarged in mature
adults: terminborgan extendsdyond anterior mantle margin by ~30% ML, length of

organ anterior of gill artery ~55% ML, diameter at gill artery ~7% ML.
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Relationships between LRL and URL against ML and body mass were best described

by power equations (Fig. 22). Relatahrips fit the dat well (R >0.8) despite small

sample sizes (LR = 19; URL:n = 15) and a skew toward adults. Females appear to
have greater beak measures than do males of the same ML. Previous genus regressions
(Clarke 1980; Lu & Ickeringill 2002) ovestimated bodyize relative to the regressions

calculated herein, although they corresponded well to the raw measures of ML and body

mass for male and sex indeterminate specimens.
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Fig. 2 Octopoteuthis fenestisp. nov.Regressions dbwer rostral length (LRL)

against (A) dorsal mantle length (ML) and (B) preserved wet body mass, by sex; upper
rostral length (URL) against (C) ML and (D) preserved wet body mass, by sex. Models
of best fit (greatest Rvalue) are plottechi black againsienus regressions of Clarke
(1980; blue), Lu and Ickeringill (2002; green).
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Remarks. Octopoteuthis fenestrigp.nov. is frequently collected from the same region
asO. rugosa However, specimens of these species can be readily separdted by

single chomatophore patch overlying paired PVMP, absence of MEPs and EPs, and a
single dorsal buccal connective on Arms I0nfenestrap. nov. (compared to paired

chromatophore patches, MEPs, EPs and Arm Il buccal connecti@esuigosa.
Somespecimens oD. fenestrasp. nov. appear to have faint whitish patches in the

region of MEPs; however, these were never the distinct, pearly, rounded organs as in

themegapteraanddeletronspecies groups.
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5.1.2. megapteraSpecies GroupWith two PVMP overlain by segratechromatophore
patclres pccasionamedialoverlap), often reduced to rings due to epidermal abrasion
one photophore dorsally on eagtti abdominisnuscle;one LHP, MEP, EP on each
side of headone photophore at base of eactais 1T IV; photophae series along
ventral brachial nerve of Arms Il and Mrms IV with thin densely sdtansverse
pigment bands aborally. Arm hooks with prommihaccessory claws; without aboral
hood on main cusp;dsatmost hook pattern VVDD2i 14 pairs ofarmip suclers.

aT

Fig. 23 megapteraspecies group general morphology. A) Ventral photophore pattern;
B) paired chromatophore patchesdnmegapterdUSNM 1221577| , ML 135 mm):
natural state (left) and dissected (right);o€al surface as i®. megapteraaticauda
andsp. IOnov.: singledorsal buccal connective Arm Il and large pore (p) between
Arms Il and Il (forO. rugosa see species description). Scalebarmm.
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5.1.2.1. Octopoteuthis megapter@/errill, 1885) (Table 11, Figs 5E, 6B, 6E, 23B,i24
29)
Ancistrocheirus megaptenéerrill, 1885 399 400, PI. 42, Figs 1, la.

Type material (not examined; reported lost by Roper and Sweeney [L9I8NM
40128 Holotype (no longer extant, see Roper & Sweeney 1978 sienown, ML 44
mm, 3912N, 72°03.5W, 1292 m, 13/09/1884, RXIbatross stn 2235, large beam

trawl.

Material examined (104 specimenspSNM 8179391l , ML 116 mm, 44°55.8'N,
21°55.2'W, 03/05/19, RV Anton Dohrn 37479, 1600 mesh Engel trawiSNM
11925501 , ML 49.5 mm, 40°02.86'N, 67°27.92'W, of Bear Seamount, 964, 4.4C
at depth02/09/2012,11:45:59 12:15:59 FSVPisces 15, MWT,M. Vecchiore, S.
Bush USNM 10774491 , ML 35 mm, 39°55.98'N, 67°28.5'W, Bear Seamount,
Massachusett§)SA, 1993 2097 m, 287/20M2, RV Delaware 1| 30, IGYPT;USNM
1080228 sex indet., ML 24 mm, 39°52.02'N, 67°20.52'W, Bear Seamount,
Massachusett&)SA, 2134 2545 m,27/07/202, RV Delaware 1| 40, IGYPT,M.
Vecchiong Bear Seamount Expeditiod'SNM 1192531 sex unknown, ML unknown
[damaged mantle tissue only9°43.63'N, 67°30.63'\§ of Bear Seamount066 m,
4.3°C at depth01/09/2012, 6:19:56 07:19:29, FSWisces, 10, MWT,M. Vecchione,
S. BushUSNM 730363 sex NM, ML NM, 38°40.2'N, 72°33'W, off SA east cods
0i 630m, 1905/1974, RV Albatross I\ 745-08N, 3 m IKMWT;USNM 8157441l ,
sex indet. ML 44, 22* mm, 38°23.2'N, 63°48.4'W)1/03/18B2, RV Kaiyo Mary,
KMT33, Kaiyo Maru trawl;ZMH 11177, I , ML 65 mm, 37°22'N, 013°42'W, Africa,
140 160 m,17/01/1968, RV Walther Herwig ) 1968,stn4, cruise#23, SchulzZlUSNM
575596 sex NM, M. NM, 29°13.8'N, 87°40.2'WS of Mobile, AlabamalUSA,
26/04/1%1, RV Oregon 3250, 60 ft MWT;USNM 575124 sex NM, ML NM,
29°10.2'N, 87°55.2'Ws of Mobile, AlabamalUSA, 896 1097 m, 1206/1%3, RV
Oregon 796, 40 ft flat trawl{lJSNM 1179446 sex indet.ML 41 mm, 28°28.58'N,
87°3489'W, eastern Gulf of Mexic@528 2571 m, 2702/2010, RV Pisces 22,
Aleutian wing trawl, NOAA, MMS Collections, SWAP&SNM 1179397 sex NM,
ML NM, 28°24.56'N, 87°27'W, eastern Gulf of Mexico, 960124 m, 21/02/210,
RV Pisces 14, Aleutian wing trawINOAA, MMS Collections, SWAPS;)SNM
1179398 sex indet., ML 47 mm, 28°24.56'N, 8722'W, eastern Gulf of Mexico, 960

1124 m,21/02/2010, RV Pisces 14, Aleutian wing trawl, NOAA, MMS Collections,
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SWAPS;USNM 1179477 sex indet.ML 27 mm, 28°8.74'N, 88T®08'W, eastern Gulf
of Mexico, off LouisianaJSA, 20172133 m,01-02/03/201Q RV Pisces 34, Aleutian
wing trawl, NOAA, MMS Collections, SWAP3&JSNM 1179500 sex NM, ML NM,
28°8.63'N, 88°45.75'W, eastern Gulf of Mexico, off issana,USA, 1522 1826 m,
01/03/20L0, RV Pisces 37, Aleutian wing trawl, NOAA, MMS Collections, SWAPS;
USNM 11795011 , ML 31 mm, 28°8.63'N, 88°45.75'W, eastern Gulf of Mexico, off
Louisiana,USA, 1522 1826 m,01/03/20L0, RV Pisces 37, Aleutian wing trawy
NOAA, MMS Collections, SYAPS;USNM 1179516 sex NM, ML NM, 28°8.63'N,
88°45.75'W, easter@ulf of Mexico, off Louisiana, USA1522 1826 m,01/03/20D,
RV Pisces 37, Aleutian wing trawl, NOAA, MMS Collections, SWAPSSNM
1179409 sex NM, ML NM, 27°57.9'N, 86°57.17'Weastern Gulf of Mexio, 2913
3006 m,22/02/2A.0, RVPisces 15, Aleutian wingrawl, NOAA, MMS Collections,
SWAPS;USNM 1179428 sex NM, ML NM, 27°35.18'N, 87°103'W, eastern Gulf of
Mexico, 3060 3069 m, 2402/20L0, RV Pisces 20, Aleutian wing trawl, NOAA, MMS
Cdllections,SWAPS;USNM 11794631l , ML 35 mm, 27°34.22'N, 87°41.04'W,
eastern Gulf of Mexicd?2801 2896 m,23/03/20L0, RV Pisces 26, Aleutian wing trawy
NOAA, MMS Collections SWAPS;USNM 1179420 sex indet., ML 35 mm,
27°33.15'N 86°4674'W, eatern Gulf of Mexico, 335 3180 m, 2802/201L0, RV
Pisces 16, Aleutian wing tral, NOAA, MMS Collections SWAPS;USNM 1179697

| , est. ML 45 mm, 27°24.8'N, 89°7.22'W, off LouisiakkBA, 1820 1935m,
28/07/2M9, RV Gordon Gunter12, 174 fiMWT, NOAA, MMS Collections,SWAPS,;
USNM 11795081l , ML 94 mm, 27°1.46'N, 89°223'W, central Gulf of Mexico,
2446 2659 m, 1828/02/2010 RV Pisces 50, Aleutian wingrawl, NOAA, MMS
Collections,SWAPS;USNM 1179515 sex indet., ML 30* mm, 2T1.46'N,
89°22.93'W, central Gulf of Mexic®446 2659 m,18i 28/02/201Q RV Pisces 50,
Aleutian wing trawl, NOAA, MMS Collectins, SWAPS;USNM 1179473 sex indet.,
ML 21 mm, 26°40.8'N, 87°28.72'W, eastesulf of Mexico,2831 2835 m,
20/03/20L0, RV Pisces 28, Aleutan wing trawl, NOAA, MMS Collections, SWAPS,;
USNM 1179439 sex NM, ML NM, 26°29.95'N, 87°204'W, eastern Gulf of Mexico,
2795 2916 m,2502/201L0, RV Pisces 21, Aleutian wing trawl, NOAA, MMS
Collections,SWAPS;USNM 117947Q sex NM, ML NM, 2624.22'N, 8729.12'W,
eastern Gulf of Mexicd2996 3008 m, 2403/201L0, RV Pisces 30, Aleutian wing trawl,
NOAA, MMS Cdlections,SWAPS;USNM 1179472 sex indet., ML 23 mm,
26°24.22'N, 87°29.12'W\sastern Gulf of Mexicd2996 3008 m, 2403/2Q10, RV

Pisces 30, Aleutian wingtrawl, NOAA, MMS CollectionsSWAPS;USNM 817942
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| , ML 155 mm, 24°42'N, 60°30'W, 233/1979, RV Anton Dohrn 46-1-79, 1600 mesh
Engel trawl;USNM 1179636 sex unknown, ML 40 mm, 24°36.81'N, 84°23.03SE
Gulf of Mexico, off FloridaUSA, 2484 3487 m,17/02/2Q1L0, RV Pisces 87, Aleutian
wing trawl, NOAA, MMS Collections SWAPS;USNM 1179637 sex indet., ML 108
mm, 24°36.81'N, 84°23.03'VEE Gulf of Mexico, off FloridaUSA, 24843487 m,
17/03/2QL0, RV Pisces 87, Aleutian wingrawl, NOAA, MMS CollectionsSWAPS,;
USNM 11796401 , ML 52 mm, 24°17.76'N, &02.74'W,SE Gulf of Mexico, off
Florida,USA, 1608 1643 m, ¥/03/20L0, RV Pisces 89, Aleutian wing trawl, NOAA,
MMS Collections,SWAPS;USNM 1179641 sex indet., ML 39 mm, 247.76'N,
84°02.74'W,SE Gulf of Mexico, off FloridaUSA, 1608 1643 m, 1703/2010, RV
Pisces 89, Aleutian wing trawl, NOAA, MMS Collections, SWAPSSNM 1179642
sex indet., ML 43 mm, 24°17.76'N, &% 74'W,SE Gulf of Mexico, off Florida,USA,
1608 1643m, 17/03/2Q10, RV Pisces 89, Aleutian wing traly NOAA, MMS
Collections, SWAS; USNM 11796431 , ML 70 mm, 24°17.76'N, 842.74'W,SE
Gulf of Mexico, off Florida, USA, 1608L643 m 17/03/20D, RV Pisces 89, Aleutian
wing trawl, NOAA, MMS Collections, SWAPSJSNM 11796441l , ML 74 mm,
24°17.76'N, 8402.74'W,SE Gulf of Mexico, off FloridaUSA, 1608 1643 m,
17/03/20L0, RV Pisces 89, Aleutian wing trawl, NOAA, MMS CollectianSWAPS;
USNM 1179655 sex indet., ML 39 mm, 23°56.27'N, 83°10W]'SE Gulf of Mexico,
off Florida, USA, 1095 1268 m, 1403/2Q10, RV Pisces 92, Aleutian wing trawl,
NOAA, MMS CollectionsSWAPS;ZMH 11216, | , ML 197 mm, 20°14'N, 021°3@/,
Africa, 40/ 60 m,28/01/1968, RVWalther Herwigl, 1968, strl0, cruise#23, Schut;
USNM 8146101 , ML 110 mm, 18°28.8'N, 29°13.2'W, Cape Verde Ba$bQ 155m,
26/11/1970, RV Atlantis 1l, RHB-2086, 3 m IKMWT,R.H. Backs; USNM 1221579

I, sex indet.ML 97, 85mm, 17°24'N, 22°57'W293 305m, 1704/1971, RV Walther
Herwig, 49811-71, 1600 mesh Engel trawlSNM 8852801 , ML 115 mm, 17°22.2'N,
22°58.2'W,Cape Verde, 10205 m 1704/1971, RV Walther Herwig 4981-71, 16@
mesh Engel trawlZMH 11180, I , ML 74 mm, 16°14'N, 22°24'W, Africa,40' 160m,
29/01/1968, RVWalther Hewig |, 1968,stn11, cruise#23, SchulzZMH 11201, Il ,
ML 89 mm, 08°2N, 24°07'W, Africa, 140160 m,31/01/1968, RVWalther Herwig }
1968,stn 13, cruise#23, SchulzNSMT M061156 2| , ML 138, 89* mm,07°53'N,
54°05'W,850 m, 29/06/198QJAMARC; NSMT Mo60776 Il , ML 120 mm,07°51'N,
54°07'W,off Suriname, 835 nR3/07/18B1,JAMARC; NSMT Mo61134 Il , ML 115
mm,07°51'N, 54°02'W, 810 mAMARC; NSMT Mo61135/| , Il , ML 81, 79 mm,

07°51'N, 54°14'W, 830 n8/10/1979,JAMARC; NSMT Mo61138 | , 2I , ML 175,
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108*, 73 mm07°51'N, 5418'W, 200 m, 2/04/1980, JAMARCNSMT Mo061157, | ,
ML 181 mm,07°51'N, 54°07'W, 760 m, 14/10/1979, JAMARESMT M061136 | ,
ML 104 mm 07°50'N, 54°09'W, off Suriname, 810 4%/06/1980BTT, JAMARC,;
NSMT Mo061137,| , ML 177 mm,07°50'N, %°17'W, off Suriname, 740 m,
13/10/1979JAMARC; NSMT M061154 Il , ML 112* mm,07°50'N, 54°01'Woff
Suriname, 810 m, 27/06/1980, BTT, JAMARESMT Mo60857, Il , ML 112* mm,
07°48'N, 54°39'W, 780 n06/08/1981, JAMARCNSMT Mo61152 1l ,| ,ML 113, 71
mm, 07°48'N, 54°13'Wpff Suriname, 532 m, 209/1979, JAMARC;NSMT

Mo061158 2| , ML 177, 96 mmQ7°48'N, 54°12'W, off Suriname, 750 m, 26/06/1980,
BTT, JAMARC; NSMT M061153 | , ML 99 mm,07°40'N, 53°43'W, 600 m,
18/06/1979, JAMARCUSNM 122157, 1 , ML 135 mm,04°37.8'N, 19°40.8'W/46
756 m, 1304/1971, RVWalther Herwig 482111-71, 1600 mesh Engel trawSNM
8852881l , 21 , ML 103, 34, 29 mmQ4°36'N, 19°40.2'W246 256 m, 1304/1971, RV
Walther Herwig 48211-71, 1600 mesh Engel trawlSSNM 885285 sex indet.2Il , | ,
ML 109, 102, 86, 86 mnQ4°34.2'N, 19°39'W, 10004 m, 1204/1971, RV Walther
Herwig, 4821-71, 1600 mesh Engel trawiSNM 885289 2 sex indet., M 34, 32 mm,
04°34.2'N, 19°39'W, , 100L04 m,13/04/1971, RV Walther Herwig 482-1-71, 1600
mesh Engel trawlEscanez 06_0 Nsex indet., ML 15.3 mn3°27.36'N, 25°09.24'W,
07 800 m, bottom depth 4170 mh5/04/2015, 21:47, R\HesperidesCM_CSIC, PELS,
06 0 N, traw] A. EscanezZMH 11199, Il , ML 52* mm, 00°20N, 25°20'W, Africa,
701 90 m,02/02/1968, RVWalther Herwg |, 1968,stn 15, cruise #23 Schulz;Escanez
05_I_N, sex indet., ML 8.1 mn0°09.42'S, 26°17.64'W,i800 m, bottom depth 3482
m, 13/04/2015, 22:26, R\HesperidedCM_CSIC, PES5, 05_| N, traw] A. Escanez
ZMH 11197,1 , ML 105 mm, 04°43, 026°39'W, Africa, 2000 n94/02/1968, RV
Walther Herwigl, 1968,stn17, cruise#23, SchulzlUSNM 7306821 , ML 144 mm,
05°30'S, 16°28.2'W, 1850900 m, @/04/1971, RV Walther Hewig, 467%71,1600
mesh Engel trawlZMH 11171, | , sex indet., ML 135, 120 mm, 09°&]27°39W,
Brazil, 160i 400 m,21/06/1966, RVWalther Herwig 1966,stn 188, cruise#15, Schulz;
ZMH 11210, sex indet. (head only), HL 51 mm, 09°41'S, 27°3®¥zil, 160" 400 m,
21/06/1966, RVWalther Herwig 1966,stn 188, cruise#15, SchulzZMH 11173, 1 ,
ML 145 mm, 09°43, 27°0AV, Brazil, 80i 100 m, 0%02/1968, RVWalther Herwg |,
1968,stn19, cruise#23, SchulzlUSNM 8852831 , ML 111 mm, 1307.2'S,
09°01.8'W, 90i 1010 m,06/04/1971, RV Walther Herwig 455111-71, 1600 mesh
Engel trawl;Haimovici E499, sex indet., ML 26 mm, 13°238%, 38°37.54'W, Bahia,

Brazil, 761 m, 4.6€C at depth08/06/2M0, RV ThalassaE 499, Bahia Il cruise,
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ARROWBTT, M. Haimovici; Haimovici E505, I , ML 128 mm, 14°36.5'S,
38°49.3'W, Bahia, Brail, 1067 m, 2.7€C at depth, LM6/2M0, RV ThalassaE 506,
Bahia Il cruise, ARROWBTT, M. Haimovici;Haimovici E507, I , ML 51 mm,
15°08.6S, 38°40.8'W, Bahia, Brail, 1026 m, 3C at depth, 106/200, RV Thalass,
E 507, Bahia Il cruise, ARROWBTT, M. Haimovici;Haimovici E524, I , ML 56 mm,
19°43.66S, 38°39.8'W, Bahia, Brail, 925 m, 3.4° at depth, 27un00, RV Thalassa
E 524, Bahia Il cruise, ARROW type bottom trawl, M. Haineg Haimovici ES50, Il ,
ML 159 mm, 21°26.32'S39°49.11'W, Bahia, Bed, 1598 m, 2.7€C at depth,
07/07/2@M0, RV ThalassaE 550, Bahia Il cruise, ARROWBTT, M. Haimovici;ZMH
111721 , ML 165 mm, 23°20'S33°22W, Brazil, 140 160m, 09/021968, RVWalther
Herwig |, 1968,stn 23, cruise#23, SchulzlUSNM 1221580 sex indet. (head only), HL
NM, 24°19.2'S, 0°22.8'E, 296300 m, @/04/1971, RV Walther Herwig 43911-71,
1600 mesh Engel trawfMH 11170, Il , ML 132 mm, 25°27'S, 036°5&/, Brazil, 90i
160 m,26/06/1966, RVWalther Herwig 1966,stn 193, cruise#15, SchulzZMH
1117511, ML 102 mm, 27°5%8, 40°52N, Brazil, 110'580m, 27/06/1966, RVWalther
Herwig, 1966,stn194,cruise#15, SchulzZMH 10794, Il , ML 77 mm, 32°44'S,
48°43'W,Brazil, 70 580 m, B/05/1966, RVWalther Herwig 1966,stn 196, cruise
#15, SchulzZMH 11226, 1 , ML 165 mm, 34°00'$47°34'W,Brazil, 130/ 150
m,14/2/1968, RVWalther Herwig ] 1968, str28, cruise#23, SchulzZlUSNM 885282
sex NM, ML NM, 38°37.8'S, 52°1.8'W, 24P62 m,05/03/71, RV Walther Herwig
350-11-71, 1800 mesh Engel trawl.

Unlocalised material examined4 specimens)JSNM 1192580 sex indet., ML 15
mm, Bear Seamour®,7/09/12, FSVPisces 36, plankton trawlM. Vecchione S. Bush
NSMT Mo61155 | , ML 46 mm,off Suriname, JAMARCZMH 11166, 2| , ML 128,
115 mm,Argentina, 1966, RWValther Herwig 1966,no stn, cruis&15, Patagonia
Schulz.

Additional genetic sampleq3 sample$. PC10-B06252888MTB082-SD, sex
unknown, ML unknown28°00.82N, 87°57.43W, 0i 724 m, 25/06/2011, 1604727,
RV Pisces cruise D, IH trawl, M. Vecchione;PC10-B07082791:-MTSW8-SN, sex
unknown, ML unknown26°59.16N, 91°05.50W/, Gi 709 m,08/07/2011, 03270450,
RV Pisces cruise 10, IH trawlM. Vecchione;PC10-01 stn 092 sex unknown, ML
unknown,23°56.27N, 83°10.41'W, 14/03201Q RV Pisces M. Vecchione.
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Distribution (Fig. 24A). Temperate to tropical Atlantic, including Gulf Bfexico,
58°Ni 40°S; G 3500 m.

Diagnosis.Arms long (~92% ML)Arm Il buccal connective dorsal, ventral protective
membrane attaches basally to Arm IHmehooks narrow aborallgnterior fin margin
at 6 14% ML; tail long (1732% ML).

Description (ML 651 197 mm Figs24Bi 29). Mantle conical to weakly goblet shaped;
widest at anterior margin, width 284 45% ML; weakly muscled; tail long, lengthil7
251 32% ML; dorsal anterior margin weakly pointed medially, ventral margin with
slight indentation between mamttomponentsf locking apparatus. Fins moderately
long (length 61661 71% ML), broad (width 7889 103% ML), greatest width attained
at 40 50% ML,; anterio margin at 691 14% ML; width of fin continuation along tail
~3% ML. Paired PVMPs circuladiameter ~1.6% ML, set laterally along posterior
ventral mantle, distance between photophores ~10% ML. Anterior fin insertion blunt
posteriorly, rounded, depth 108i 16% ML, width 11 14i 17% ML.

Headtrapezoidalin outline, length 28311 35% ML, width 23 261 29% ML, depth 20
25% ML. LHP triangular, length ~5% HL (~2% ML); MEPs narrowly oblong, level
with anterior margin of lens, oriented <46 body axis, length ~8%IH(~2% ML),
width ~2% HL (~0.5% ML); EPs crescent shaped, length ~13% HL (~4% ML), width
~08% HL (~0.3% ML). Eyes large, diameteri®®i 73% HL (~18% ML), with large
lenses, diameter 887 44% ED. Funnel length ~23% ML; aperture width ~20% of
funnel length level with posterior margin of lens; funnel valve tall, broad; funnel
groove shallow. Furel component of locking apparatus subtriangular (Fig. 25A);
groove broadest posteriorly (~80% cartilage width), narrowing anteeaially to
slender channel; medimargin of groove concave leaving raised plateau medial to
groove; lateral margin convex $tightly sinusoidal, with smaller plateau anterio
laterally; length ~9% ML, maximum width ~5% ML. Mantle component of locking
apparatus oblique, conical, broadiiahgular, posteriorly narrowing rapidly to slender
ridge in anterior half (Fige5B); surraunded by narrow groove laterally and anteriorly;
length ~7% ML, maximum width ~4% ML. Nuchal cartilage oblong, bluntly pointed
anteriorly (Fig. 25C); with medial gove flanked by ridges (groove and ridges of
equivalent width), flanked by broader groovesped anteriemedially; length ~12%

ML, maximum width ~5% ML; set on rhombic cartilaginous pad of equivalent length,
101



]

]

] O

"S92IpUI 81e|N2[ed 0] Pasn joa)seleyd pabewep Sa1edIpul 4

- T+G ‘T+¥
¥ ¥ ¥ X ..V ..—H+m m<
C 0€ ‘v€
X X ¥ X ..Vm .WN _I_<
«Z'8 € (¥) vz ¥9Z «LT «L9 «L9 € YT «L9 Al Y
«TT «9T 62 «12 «LE «2. «0§ «€G 89T «/9 v
«8'6 «12 9¢ «£2 LV «£€ «69 «IE€T 69T Gt v
L 0z  (d)xS¢ *GC +GE «69 «09 «0€ 1ST «08 | IV
T S| 7 7 T o T o S| o apIS
i 0T 6 9z 6T 22 9z 1€ €e 8t «8€ MH
6L ZT 1T 1€ 12 1€ €e 9¢ v 19 GY TH
8¢z 6< 6€ 68 19 Z8 68 20T 0zt 19T GST M4
2zt €2 9z 99 Gt €9 Z. G/l 6 80T 0zt 14
LS 0T €T ve 12 12 o€ 187 9t 8/ 29 MW
€'GT 62 e g9 68 Z0T GTT T G/T /6T TNA
1opt _ _ I I I _ _ _ _ PEIS
XoS
snjels
9UON 9UON 9UON 9UON 9UON 9UON 9UON 9UON 9UON 9UON mQ>._.
N O 90 882G88 88¢G88 | xapul [//TTT TOZTT G.TITT 99TTT 2890S/ 8ETTOON OTZTT al
zowe®3 ANSN IANSN |UesN | HWZ HWZ HINZ HINZ IANSN  LASN  HINZ uswioads

"'SMOJ 21j108ds ul pajou suondaoxa yum(epis a19|dwod
9 p oUU 9] loFJuUSIAINEBOIUP U | QO P ISO pue ‘sSuUuoO lsSuaw Ip pabewepun
YIMUWW 9G<SUAWINadS wolj pare|nafed aiam sadlpul ueselardebausiyinaiodoidm (ww) sijuswainseaN TTo|gel

102



Alll base P

AlV base P

Fig. 24 Octopoteutis megapteraA) Distribution (staindicates type locality); B)
adult; C) example specimen ML2Z% mm (see Remarks); D) example specimen ML
15.3 26 mm (Escanez_06_0 N, sex ingdiL 15.3mm); E, F) USNM 1192550 ,

ML 49.5 mm (photo by M. Vecchione). 8e bars = B) 25 mm; C, E, F) 10 mB) 5
mm.
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width ~8% ML. Buccal connective on Arms Il dorsal (Fig. 23C; 25D, E), rarely paired
on the right side only in males; Arms I, lll with paired balcconnectives, Arms IV

with weakly paired connectives set closely together, ventraliyiailes only, buccal and
basal protective membranes greatly developed proximally (Figs 25E, F), breadth
greatest between Arms | (<580% arm base width) decreasingntrally with no
connective between Arms IV. Six pores typically in buccal membrane: onedretw
paired connectives of Arms I, one between Arms Il and Il ventral to Arm Il buccal
connective, and one between Arms Ill and IV (occasionally reduced to pocket i
membrane). Olfactory papillae short (length ~3% HL), elliptical (breadth ~4%HL),
fleshy krobs without sculpture.

Arms slender, length 7821 117% ML; formula 1I>111>I>1V; oblong in crosssection,
becoming circular distally; with 286 pairs of hooks ithick fleshy sheaths, followed

by 2i 6 pairs of suckers distally. Arms taper gradually ts,tfpom ~7% AL at base to

B ] 2 5
P -4 % 3 /,‘:
~ a b e
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) ’ b } N - i . o 4
< o 3 g 3

Fig. 250 Octopoteuthis megapterda, B) ZMH 11172 | , ML 165mm; C) NSMT
Mo061138,] , ML 175 mm; D) NSMT M061134, , ML 177 mm; E, F) NSMT
Mo61138,I , ML 108* mm. A) Funnel component of locking apparatB3;mantle
component of locking apparatus) nuchal cartilageD) female with low buccal
connectives (@ow); E, F) male with expanded buccal connectives (arrd3csle bars
=AiC) 2 mm.

104



~3% at midpoint. Armtip photophores occupy distalost ~7% AL (photophore length
~6% ML); swelling slightly to midpoint, tapering distally to blunt tip or slight bulin ar
hooks terminate proximal to photophore, suckers overlie proximal third of photophore
length. Single large oval photophore embedded deeply in base of Alwisdinaller in
Arms Il. Photophore series along ventral Arms Ill, IV beginning after gap diskalde
photophores; comprising dozens of oval to circular photophores consideraldgrsmal
than base photophores; terminating proximal to-&pnphotophore. Gelatinous tissue
along aboral arms often produced into low keels from base to tip; keel brecdifisies

distally relative to arm depth.

Arm hooks robus(Fig. 26); largest in pair8i 6 of Arms Il, decreasing gradually in size
distally. Main cusp moderately long, smoothly curved, without significant broadening
laterally oraborallyat junction withbase, typically with single prominent lateralge
inner angle right to slightlgbtuse in proximal 50% of hook pairs, becoming slightly
acute (~80°) in distal pairaperture opemarrow tobroadoval. Accessory clawsery
prominent, slightly curved. Boral hood absent. Bases crenulated, most prominent
laterally. Proximal hooks stoutdran distal hooks, with relatively larger bases (width

and breadth) and shorter main cugisn suckers asymmetric, domed

Tentacles absent from all material examinexk (Remarks).

Recti abdominisnusclesFigs 58 F, 29) form discrete muscle bands stiadgdrectum
anteriorly, posteriorly merging and fusing over rectum; weakly attached to rectum and
immediately adjacent dorsal tissues dorsalhyeriorlyinserting undedorsal
component ofunnel organbeyond rectunposteriorly expanidg into thinsheet
attaching to ventral surface of visceral mass; single rgecular photophore on dorsal
surface of each muscle at ~30% ML anteriorly; pearly white, slightly raisesadlto
diameter ~2% MLgentred comprising 70100% of muscle width. Rectum freeefly
anteriorly, terminating just inside funnel posterior to dorsal funnel organ concavity;
laterally bearing two moderatength anal flaps length~1% ML, ovate, anteriotip
pointed,chiral dorsaeventrally. Ventral visceral mesentery pore diame@7% ML;
pore appears as sphincter in membrane. Gills robust; length ~25% ML, W@ 26

lamellae.
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Lateral profile of lower beakd(54' 6.57mm LRL, Figs 27A D) equally long ad deep
with distal wing tips extendingeyond rostral tip by ~28 baseline; rosal tip with
shallow notch; jaw edge visible, slightly concave due to slight bend in distal third of
LRL, with short jawedge extension; jaw angle 90°, slightly obscuredolay rounded
wing fold; depth anterioto jaw angle greater than posterior. Hood lover crest,
length~31%baseline, without hood groovesSrestdistinct, lateral wall between crest
andfold unpigmentedtength~69% kaseline tip freewith concaveventralmargin
sloped in nearly straight lind.ateral wall with straight, narrow, roued folds
producedaterally in crosssection, not increasing in breadth posterigplgduced into
shelf alonganterior 60% of hood lengthposteriorateral wallmarginstraight; free
corner beyond crest tip; lateral wall fold (especialheriorly) and crest more darkly
pigmented than remaining wall. Wings broaden distally, greatest wait@®so that at
jaw angle, length-98% LRL,with cartilaginous pad. Ventral view witrery broad,

Fig. 260 Octopoteuthisnegapteraarmature A, B) ZMH 1117Q I , ML 132mm; Ci F)
NSMT M061158] , ML 177 mm. A) 15D hook, Arm IlIR; B) 3D hook, Arm IlIL; C)
14D hook, Arm IIIL; D'F) 4V hook, Arm llIL: (D) lateral profile, (E) abokaF) top.
Scale bars ATF) 1 mm.
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