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ABSTRACT 

A study of the radular morphology of Cephalopoda was 

undertaken to determine the feasibility of its use as a taxonomic 

character. 

A search of the literature for illustrations of radular teeth 

of as many species as possible \'las made. Using available original 

material studies were also carried out using preparations of additional 

species. Where possible, comparisons were made based on both original 

preparations and information from the literature. In all, a total of 

92 species representing 22 families were considered and are illustrated 

herein. 

A comparison of the illustrations and radular ribbon preparations 

of these specimens indicated morphological differences of such a degree 

as to facilitate separation even to the species level. 

The illustrations and radular ribbon preparations of members of 

the Family Architeuthidae sh0\'1 that both historical records and current 

specimens from Newfoundland waters exhibit similarities in the 

configuration of their radular teeth. There are, however, ~ .. fficient 

differences in the morphology of tho teeth of individual specimens to 

cast serious doubt upon the designation of all five specimens as 

Architeuthis dux. Other families, genera, and indeed species \\'ithin 

genera, can be separated on the basis of their radulae. Since thi.s 

is true, the situation in the Architeuthidac becomes increasingly 



difficult to interpret on the basis of their radulae and on the 

limited amount of mat.e1·ial available. 

The members of the Family Ommastrcphidae sho\v definite familial 

similarities in their radular teeth. The recorded differences in the 

morphology of these teeth, however, facilitate their separation into 

genera, but subspecies of the genus Illex cannot be so separated. The 

three subspecies can be separated on the basis of radular morphometry. 

Also, the radular apparatus of Illex illecebrosus coindetii is apparently 

to be added to the list of characters exhibiting sexual dimorphism in 

that form. 

The evidence cannot support the vie\v that the cephalopod radula 

is without function. As suggested by Bidder and others, the radula 

functions in teuthoid forms as an aid in swallowing. Such usage causes 

a wearing-away of the cusps of the teeth and occasional loss of teeth, 

necessitating their continual replacement at the most posterior, or 

growing, portion of the radular ribbon. 

Because of the above described phenomenon, only teeth from certain 

rows (those retained within the radular sac) are of such a uniform 

configuration as to warrant their use in taxonomy. 



" •.. whose teeth are spears and arro\~s, 
and their tongue a sharp sword." 

- Psalms. lvii. 4. 
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INTRODUCTION 

Mollusca is a phylum of metazoan animals comprising the 

classes l-'lonoplacophora, Amphineura, Gastropoda, Scaphapoda, Pelecypoda 

(Bivalvia) and Cephalopoda. All these classes, excepting the Pelecypoda 

(Bivalvia), possess an anatomical structure in common. This anatomical 

structure is the radula. The radula may be defined as a band or ribbon 

studded \dth regularly arranged spines (Bartsch, 1934) or teeth. 

Survey of Molluscan Radular Apparatus 

The Monoplacophora are kno\oJn from C~brian and Devonian fossils 

and were "rediscovt:red" during 1957 in Ne.opilina. ga1.a.:thea.e., \oJhich has 

a radula with 11 longitudinal ro\oJS of teeth in a long, coiled radular 

sac (Wilmoth, 1967). There is no record of fossil radulae in this 

class. 

In the Amphineura, (Order Polyplacophora, chitons) the radula 

exhibits many transverse rows of teeth. Each horizontal .row is made 

up of 17 teeth and the number is constant throughout the group. Each 

X0\'1 consists of three central teeth bordered on either side by lateral 

teeth, marginal teeth and marginal plates (Fretter, 1937). Smith 

(1960) described the teeth as being "horny, recurved denticles" and 

are "borne on a tough, flexible ribbon". The most prominent tooth is 

the "major lateraP', which bears a varying number (1-4) cusps. 

However, some Amphineurans may possess a radula which is 

'greatly reduced (Yonge, 1960) . These are the Aplacophorans, one member 
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of \~hich, Cha.dodeJUna. sp., possesses but a single radular tooth 

(Meglitsch, 1967). In whole families of this Order, the radula is 

absent (Yonge, 1960). 

The Scaphopoda or tusk shell~ have a well developed radula 

(Wilmoth, 1967) which is of relatively enormous size when compared to 

the rest of the digestive system (Owen, 1966). The radula possesses 

five longitudinal rO\'IS of teeth (Ludbrook, 1960) or spines (Bartsch, 1934). 

Abbott (1954), in describing the two families of scaphopods, Dentaliidae 

and Siphonodentaliidae, makes mention of the central radular tooth as 

being of taxonomic importance. Although it is generally held that 

scaphopods resemble pelecypods and may have come from a primitive 

pelecypod stock, it must have occurred before the bivalve radula was 

lost (Meglitsch, 1967). 

In the Gastropoda, the radula is an extremely variable structure. 

When present it may exist only in the form of isolated teeth or as a 

tootr-studded, flexible ribbon possessing up to 750,000 teeth, as in 

the genus Umb~elta. (Bartsch, 1934). The ribbon may vary in width and 

length, thereby altering the number of longitudinal and transverse ro\~s. 

of teeth. In the periwinkle Litto~~ spp. it is coiled and, if 

extended, equals a length several times that of the entire animal 

(Bartsch, 1934). Most certainly the gastropod radula is the best known 

as it has been a subject of interest since Aristotle, who, in 350 B.C. 

described snail radular apparatus, although Sollas (1907), refers to 

Swammerdam as "the discoverer of the radula" in the middle seventeenth 

· . . : ..... : .: ... . ... 
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century. The first illustrations of radular ribbons in the 

scientific literature were apparently those by Poli in 1791, of 

gastropods (Abbott, 1954). The gastropod radular apparatus \'lill be 

discussed more fully later, primarily with respect to its use as a 

basis for classification. 

There remains but to consider the cephalopod radular apparatus. 

Both octopod and decapod cephalopods, with certain exceptions, possess 

a radular apparatus which has been described as being associated with 

their predatory habits. Robson (1929a) distinguished the carnivorous 

nature of the cephalopod radular teeth from the herbivorous type 

characteristic of other classes of molluscs, the latter forms having 

a rnulticusped tooth configuration associated with rasping and grazing 

activities. Gabe and Prenant (1957) may be quoted as an example of 

many workers who contended that the configuration of the radular 

apparatus, with particular reference to the teeth, represented a more 

developed or highly evolved condition with respect to that of the 

decapods. 

Description of Radular Apparatus 

The terms "radula" and "odontophore" are used by various workers 

to indicate the structure in the buccal cavity of molluscs used in the 

feeding process. Henderson and Henderson's 1966 edition of Dictionary 

of Biological Tenns, defines radula and odontophore as: 

"radula - A s'hort and broad strip of membrane with longitudinal 
rows of chitinous teeth in the mouth of most gastropods. 
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odontophore - The tooth-bearing organ in molluscs, 
including the radula, radular sac, cartilage, and muscles." 

Webster's Third New International Dictionary (1966) defines these 

tenus in a slightly different manner: 

"radula - A chitinous band in nearly all mollusks except 
bivalves that bears numerous usu. very minute teeth on 
its dorsal surface and slides backward and forward by 
special muscles over a more or less protrusible prominence 
on the floor of the mouth and serves to tear up the food 
and draw it into the mouth. 

odontophore - A usu. more or less protrusible structure in 
the mouth of most mollusks except the bivalves that supports 
the radula." 

While the latter group of definiti?ns are more detailed, they 

are not completely accurate when applied to cephalopods. For purposes . 

of greater clarity, I here refer to the entire structure (Plate 1, 

Figures 1 and 2, Plate 2, Figure 1, and Plate 6, Figure 2) as the 

radular apparatus. That portion of the radular apparatus \'lhich is 

thickened and bears the teeth is here referred to as the radular ribbon. 

The enlarged portion adjoining the anterior section of the ribbon and 

either entirely or partially covering the prominent elevation on the 

floor of the mouth, is here designated as the radular hood. 

The mouth parts of cephalopods are located in a relatively 

large, bulbous, muscular structure called the buccal mass, which is 

surrounded by .the brachial apparatus. When the buccal mass is removed 

and stripped of its accessory tissue, the dark, hard, mandibles 

(beak) are readily apparent. 

When the beak is opened (Plate 3, Figures 1 and 2) the fleshy 

ligula or tongue is seen (Plate 5, Figure 1) and immediately behind it 
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Plate 1 

Top and side vie\~s of radular ribbon of Onc.ome.la.n.i.a. 
sp. (Gastropoda) ; anteri'cr end to right. (Drawing 
after Shrock and T\~enhofel, 1953). · · 

Odontophore of Mo~t~ut~ ~obU6ta (Dall) (Verrill, 
1876). Lateral vie\\' (x3. 75). (Drawing after 
Verrill, 1880). · 

· ... ;·· :· · · ·.:. ..· .. 
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Fig. 1. Top and side views of radular ribbon of 
Onc.omei.ani.ct sp. (Gastropoda); anterior 
end to right. (After Shrock and 
Twenhofel, 1953) 

Fig. 2. Odontophore Mol'wte.utiU.6 JtobU6.ta. (Dall ) 
(Verrill, 1876). (After Verrill, 1880) 
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Fig. 1. Photograph of entire radular apparatus of 
lU.e.x. .ute.ce.bJt.o~I.LA .ute.ce.bllo~I.LA (Lesueur, 1821) . 
Original magnification x12. 
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Plate 3 

Anterior view of buccal apparatus of Cone he, ll'hite 
Bay, Newfoundland, specimen of M.chUeutlt.<A du.x 
Steenstrup, October 1964, showing mandibles and 
radular apparatus ht .6-Uu.. Photograph by II . James 
McCullough for Dr. F. A. Aldrich. 

Lateral vie\" of buccal apparatus of Conche, White 
Bay, N~\"foundland, specimen of M.chLteatlu.6 du.x 
Steenstrup, October 1964, showing mandibles and 
radular apparatus .i.n .6.i.:tu.. Photograph by H. James 
McCullough for Dr. F. A. Aldrich. 
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Fig. 1. Alr.c.h.Ueu.th.i6 dux 
(Buccal apparatus, anterior view) 

: · .. 
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~ il 
F.ig. 2. Alr.c.kU.e.u.;th,U, du.x 

,, 
I , 

(Buccal apparatus, lateral view) 
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is the radular apparatus mounted upon the muscular prominence 

(Plate 4, Figure 1). In the gastropod, L~nn~ 4tdg~, the radular 

ribbon is firmly affixed to the underlying or subradular epithelium by 

radular chitin which the epithelium secretes (Carriker, 1947).1 

Surrounding the radular structures are lobes of tissue (buccal lobes), 

the superior surfaces of which are enlarged and covered with teeth of 

varying sizes, pointing posteriorly toward the esophagus. The radular 

teeth (Plate S, Figure 2) are arranged so that they are also directed 

toward the esophagus. Only· a portion of the radular ribbon is exposed 

(Plate 4, Figure 1) at any time. The rest is folded in upon itself, 

lengthwise, as it passes posteriad (Plate 4, Figure 2) and ventrad 

into a sac-like structure, the radular sac (Plate 6, Figure 1). One 

must agree with Bidder (1966) in her conclusion that "the texture of 

the fxesh radula (not rigid) hardens on fixation". 

The Teeth 

The teeth of the cephalopod radular apparatus have been 

described by Bidder (1950) as being "delicate, flexible structures" 

which contrast strongly to the "hard dark jaws". 

The terminology of radular teeth varies according to the author 

discussing them. As this thesis will demonstrate, there are different 

configurations of teeth comprising those of the horizontal rows. As 

will be later pointed out in more detail, there are normally seven 

1The only modern work on the microscopic anatomy of the secretory 
portions of the radular apparatus and its cytology is that of Gabe 
and Prenant (1957). 
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Plate 4 

Lateral view of radular apparatus of Architeuthid 
in ~ltu with mandibles remov~d, showing the anterior 
curvature of the apparatus and including the attached 
chitinous hood. Specimen is that from Sweet Bay, 
Bonavista Bay, November .1965. 

Dorsal view of radular apparatus of Architeuthid 
in .6ltu, showing posterior extensions or wings of 
the chitinous hood. The radular ribbon folds medially 
where it disappears into th~ radular sac. Specimen 
is that of Sweet Bay, Bonavista Bay, November 1965. 
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Fig. 1. Architeuthid radular apparatus 
(Lateral view) 

Fig. 2. Architeuthid radular apparatus 
(Dorsal view) 

., .. _ 

i ' 

~r 
li 
I• 



-14-

Plate 5 

Fig. 1. Dorso-frontal view of radular apparatus of 
Architeuthid in ~itu, with anteriorly placed 
ligula and the laterally located buccal lobes. 
Specimen is that of Sweet Bay, Bonavista Bay, 
November 1965~ 

Fig. 2. Ventro-frontal view of radular apparatus of 
Architeuthid in ~itu, showing oldest portion of · 
the radular ribbon and teeth. Specimen is that 
of Sweet Bay, Bonavista Bay, November 1965. 
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(Dorsa-frontal view) 

l 
I ~ 

I
\ 

; .. · . 

Fig. 2. Architeuthid radula 
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Plate 6 

Dorsal view of that portion of radular apparatus 
which is normally enclosed in the radular sac. 
The specimen is the Architeuthid collected at 
Sweet Bay, Bonavista Bay, November 1965. 

Entire radular apparatus removed from the buccal 
cavity of Architeuthid, showing the chitinous 
hood and the curvative and medial folding of 
the radular ribbon. Specimen is that of Sweet 
Bay, Bonavista Bay, November 1965. 
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Fig. 1. Dorsal view of Architeuthid radular 
apparatus in opened radular sac. 

Fig, 2. Entire Architeuthid radular apparatus. 
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teeth in each horizontal r0\'1. They are arranged in such a fashion 

that there are three teeth to either side of a centrally located 

tooth. It is in the nomenclature of the several tooth types, according 

to their placement in relation to the central tooth, that different 

systems have been developed. Most frequently used systems are here 

compared in Table 1. 

The list of systems here presented is not complete ·but is 

presented to sho\'1 the range of difference in terminology employed and 

the basic similarity that exists in all the systems. In the follol'ling 

remarks, I have adopted the system used by Abbott (1954), namely, that 

of rachidian, lateral, inner and outer marginal teeth. The system is 

a simple one and I believe it to be correct in its coupling of the 

two outer-most rows as "marginals" (inner and outer) since these two 

teeth are, in fact, in close proximity and often overlap to a greater 

degree than do any of the others. 

The teeth of different species and of different rows vary with 

respect to the number of cusps or projections. These have been 

designated by their position (external cusps or lateral cusps). The 

rachidian tooth in many species is tricusped. The median cusp has been 

called the mesocone, while_ those flanking it have been designated 

ectocones (Robson, 1925). 

The cusps vary in height and have been described as being 

"worn" (implying damage) or "used" 1 (Peile 1 1937) . Tryon (1879) in 
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Table 1. Comparison of systems of radular tooth nomenclature. 

AliTHOR ROWS 

3 2 1 Central 1 2 3 

Tryon (1879) uncini side side central side side uncini 

Verrill (1880) outer outer inner median inner outer outer 
lateral lateral lateral lateral 

Kirk (H!88) lateral sub lateral submedian median submedian sub lateral l ateral 

Sasaki (1929) marginal outer inner median inner outer marginal 
lateral lateral lateral lateral 

Robson (1929a) 3rd 2nd 1st rhachidian 1st 2nd 3rd 
lateral lateral lateral lateral lateral lateral 

Abbott (1954) opter inner lateral rachidian lateral inner outer 
marginal marginal margi nal marginal 

Voss (1956) 3rd 2nd 1st rachidian 1st 2nd 3rd 
lateral lateral lateral (or lateral lateral l ater al 

(or median) (or 
admedian) admedian) 

·-----~-~---- --· ......... 
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describing the radula of the cuttlefish Sep~a sp. spoke of the 

continuous gro\\'th of the teeth \\'hich compensates for the loss of teeth 

by abrasion. Others wrote of the wearing away, through use, of the 

cusps. The older, "working teeth", of the radula of Enop£.o:te.u.tJU.6 

anap4~ toward the tip of the radula are considerably more blunt than 

are the "young, unused teeth" which appear continuously from the radula 

sac (Roper, 1966). The most recent and valid work on the. gro\\'th of the 

radular apparatus and the replacement of lost or worn teeth is that of 

Nixon (1968), on Octo~ vutg~. 

· One of the foremost workers on the cephalopod radular apparatus 

was G. C. Robson (1925, 1929a, 1929b, 1932). It was his contention that 

the Family Octopodidae was divisible into two groups on the basis of the 

structure of the radular rachidian tooth. He found that certain octopods 

have multicusped rachidian teeth, which exhibit a serial arrangement of 

ectocones (seriation) in successive sets of teeth, as the ectocones are 

located more externally. For a sequence of variation to be completed, 

as in the case of Octopu.6 vu£.ga.Jt.i..6, five rachidian teeth may be involved 

(Robson, 1925). He later was of the opinion that seriation ch~nges with 

the age of the octopod (Robson, 1929a). 

There is, therefore, considerable variation in tooth structure 

within the radular apparatus of the octopods. At any rate, Robson (1932) 

concluded that the cephalopod radula demonstrated two distinct "tendencies" . 

in both the decapod and octopod groups. One of these he referred to as 
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unicuspid or more or less homodont, quoti.ng th~ sepioids and the genus 

Attgonau;ta., as examples. In the Teuthidida, LoUgo and chrnttU.tiLephe.o, and 

in the Octopoda the genus O~ythoe, as examples, he described the second 

"tendency" as one in which a heterodont condition prevailed, with the 

addition of extra cusps and clearly differentiated tooth-types. He asked 

the question as to which is the more primitive condition, i.e., the 

homodont or the heterodont, concluding that the homodont form represented 

the primitive condition in octopods and postulated the same to be true in 

decapods (Robson, 1929b). Earlier, Brock (1880) had held the counter 

view, that the sepioid radula represented a condition of advanced evolution, 

while Naef (1921) was of the opinion that the decapod radula was typical 

of the ancestral type, apparently failing to distinguish between degrees 

of development between the radular dentition of Lo~o and Sepia. 

Until the work of Lehmann (1967) no information was available 

on the radular teeth of fossil forms such as those of the Ammonoidea. 

The radular teeth of two specim~ns of the ammonoid Eleganti~~IU elegantulum 

(Text Figure 1), as illustrated by Lehmann (1967) show a distinctly multi-

cuspidate condition of the rachidian and lateral teeth •• This would appear 

Text Figure 1. Radular teeth of fossil Eleganti~~IU elegantulum 
(Young and Bird). After Lehmann, 1967. 
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to favour the argument support~ng the primitiveness of the heterodont. 

condition as being the more primitive, although Robson (1932) was able 

to comment that simplicity of radular teeth need not obviate complexity 

or evolutionary advancement of a species as reflected in other body parts. 

In addition to the l~ngitudinal rows of 'teeth on the radular 

ribbon,there are non-cusped and non-toothlike marginal plates ("roundish 

scales" of Verrill, 1880) to the side of the outer marginal teeth. These 

are not consistently present~ 

Composition of Radula 

With specific regard to the cephalopod radular apparatus, there 

seems to be no recent body of information concerning its chemical 

composition. 

Radulae have been variously described as a "chitinous band on 

a cartilagenous odontophore" (Shrock and Twenhofel, 1953); a muscular 

tongue covered with a thin chitinous film (Akimushkin, 1963); a 

"chitinous ribbon" (Carriker, 1947); and as curved and chitinous 

(Roper, 1966). The teeth are most often described as being composed of 

conchiolin (Shrock and Twenhofel, 1953), or of chitin (Halstead, 19~9, 

1965; Akimushkin, 1963). Carriker (1947) described the teeth as ."glass-

like . . . denticles" and Sollas (1907) found them to cont ain s i l i ca 

salts, certain minerals (including iron) with a "chitinous :basis" . 

She is not the only one to report the presence of iron. 

As reported by Silvernale (1965), Lm\'enstam of the California 

Institute of Technology discovered in 1963 that the teeth of unidentifi ed 
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chitons are composed of a "substance similar to dentin •.. coated 

with magnetic iron (black magnetite)", rendering them sufficiently 

hard to "cut limestone and scratch glass". Lowenstam went on to 

speculate that the iron is of dietary origin, derived from consumed 

algae. 

Funct.ion of the Radular Apparatus 

Wilmoth (1967). generalized that all radulate classes of mollusca 

utilize the radular apparatus in feedi.ng activity. That this is true 

for some groups is certainly well established for both carnivorous 

and herbivorous species (Bartsch, 1934; Carriker, 1947; Owen, 1966). 

Specific functions have been described, namely, rasping (Owen, 1966, 

for Amphineura), rasping and food transfer to esop~agus (Bartsch, 1934, 

for Scaphopoda), triturating and food transfer to esophagus (Owen, 1966, 

for Scaphopoda), masticati.ng (Bartsch, 1934, Scaphopoda), rasping and 

triturati.ng (0\~en, 1966, for Gastropoda), and bori.ng (Carriker, 1947, 

for Gastropoda). 

In additicn,, gastropods of the Families Lamellareacea and 

Cypraeacea utilize the radular apparatus to penetrate the tunic of 

compound ascidians. In the opening thus made, the gastropod deposi t ·s 

e.gg capsules (Ankel, 1935; Fretter and Graham, 1964). Another example 

of specialized radular usage is that in the Family Conidae. The Conuo 

spp. no longer possess a radular ribbon. Instead, they possess a sac­

like structure wherein hollow, barbed, chitinous teeth are made and 

stored. Each tooth i~ used only once, in the manner of a poison-filled 
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harpoon, to capture and paralyze prey (Halstead; 1959, 1965). 

With respect to the Class Cephalopoda, the use of the radular 

apparatus is not as well understood as it is in other classes. Peile 

(1937) described its function· in Sepla. o~Mc.ina.U6 as "tearing flesh 

from prey held by the jaws and conveying the pieces to the oesophagus". 

The role he observed in O&opu..6 vulgaM.6 \\'as "finishing the work, 

begun by the beaks, of carving crustaceans". 

Stenzel (1964) ascribes . no feeding funct i on to the Na.u.til.u.6 

radular apparatus. There appears to be little uniformity of opinion 

regarding the role of the radular apparatus of decapods in feeding 

activity . . Yonge (1960) concluded that the radular apparatus was used 

as an aid in swallowing fc.od bitten off by the j al\'S. This "cat tongue" 

usage is also ascribed to the radular apparatus of squid by Bidder 

(1950, 1966). She based her conclusions upon the condition of newly 

swallowed food in the stomach and on the speed with which it was 

swallowed, observing that no evidence of raspi_ng could be ascertained 

as a meal was consumed in so short a period of time as to preclude 

this action of the radular apparatus. However, Akimushkin (1963) 

correlated the size of the radular apparatus with the size of food 

organisms, i.e., the greater the reduction of the radul ar apparatus, 

the smaller the size of the food organisms. If this is true, then it 

could be inferred from observations on the radular apparatus of the 

giant squids from Newfoundland waters, that the food organisms would 

be cor respondingly small. The largest int act radular ribbon from this 

· . . ,·· 
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species is small in relation to the mantle le.ngth when comp.ared 

with radular size and mantle length of other decapod species. 

The clearest demonstration of the function of a cephalopod 

radula is that by Pilson and Taylor (1961). They demonstrated that 

the radulae of the octopods OctopU6 b~acutoide6 Pickford and McConnaughey 

and 0. b.imac.ula.tu..6 Verrill drill holes through the shells of a rB;nge of 

molluscan prey and permit the entry of paralyzi.ng venom produced in the 

posterior pair of salivary glands. 

EarlierJ mention was made of Lowens~arn's find~ngs with respect 

to the presence of black ~agnetite or ~agnetic iron in the radular 

teeth of amphineurans (Silvernale, 1965). He is reported to postulate 

a navigational function to these teeth, in that the chitons are able 

to locate their rock-depression abodes with reference to magnetism. 

IndeedJ if soJ a unique role for teeth. 

The Use of the Radular Apparatus in Molluscan Taxonomy 

The radul~~ apparatus has been used as a taxonomic aid in 

molluscan systematics for some time . Fisher (1880) introduced the term 

"glossophora"J using it consistently i~ groups of different taxonomic 

rank to distinguish radula-beari.ng from non-radular-beari.ng (aglossa) 

forms . . Von Zittel (1881) used the term Glossophora to include all 

members of the Polyplacophora (Class Amphineura), Scaphopoda and 

Gastropoda, whereas Lankester's (1883) use of this term included all 

molluscan classes with the exception of the Pelecypoda. 

I 
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At one time the Amphineura were one~ grouped on the basis 

of radular·configuration alone (Thiele, 1893, 1909-10, 1929), although 

current thinking tends to dis~egard this system (Smith, 1960). 

The radular. apparatus is of great ~ignificance in familial 

designation o~ gastropods (Abbott, 1954). The modified radular teeth 

of the Conidae is the basis upon which the Suborder Toxifera (Gray, 

1853) was founded. Dentition formulae are important to the correct 

description and diagnoses o~ gastropods and in much the same manner, 

Robson (1929a) devised a system for the radular teeth of octopods 

(R = rachidian or "radial" tooth, A = symmetrical "denticles" or cusps, 

B = asymmetrical cusps, etc.) 

Owens divided the Cephalopoda into t\\'~ groups, based on the· 

number of ctenidia, namely, the Dibranchiata and the Tetrabranchiata. 

Similarily, Schwarz erected two majo~ groups, Ectocochlia and Endocochlia, 

basi.ng these upon the location of the shell - inside or outsi.de the body. 

Lehmann (1967) pointed out that Owen's system is not acceptable as it 

is based on structures that cannot be studied in fossil forms. No 

systematic treatment can be considered complete unless it incorporates 

the fossil forms studied by paleozoologists, which are definitely in 

the majority within the class. 

Two specimens of the ammonoid, Elegantie~a6 elegantulum (Young 

and Bird) were made available. to Lehmann· (1967) and these both possessed 

radular ribbons with seven longitudinal rows of teeth. This is the 

first reference to fossil radular structures in the literature. It 
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indicates that the Ammonoidea were not similar to the recent 

representatives of the Nautiloidea which possess 13 longitudinal rO\\'S 

of radular teeth. Wi~h respect to the radular apparatus, Lehmann 

concluded that the ammonoides are properly grouped with the Coleoidea, 

having seven longitudinal rows of radular teeth in conwon. In much 

the same way as Owens and Sch\\'arz, Lehmann established two groups of 

cephalopods, the Lateradulata (Nautiloidea) and the Angusteradulata 

(Ammonoidea and Coleoidea). 

Within the Suborder Incirrata (Octopoda) Naef (1922) established 

the Tribes Ctenoglossa (havi.ng mul tictispidate rachidian and lateral 

teeth) and Heteroglossa (havi.ng mul ticuspidate rachidian teeth with the 

seriation mentioned earlier). Robson (1932) and Akim~shkin (1963), both 

outstandi.ng workers in the field of octopod biol.ogy ~ retained these 

distinctions, alth~ugh the SubordersCirrata and Incirrata have wide 

usage following their introduction by Grimpe (1917). 

Robson (1929a) placed little importance on the seriation he 

described (1925) in species identificati0}1. He observed, however, that 

. species "distinguished by other cha:cacteristics tend to have different 

types of seriation". He felt that the lateral teeth were of considerable 

taxonomic or diagnostic value (Robson, 1929a). 

The "vampire squids", placed in the Order Vampyromorpha by 

Pickford (1949), were long c~nsidered to be octopods. .Again, usi.ng 

the radular apparatus as the basis of his classification, Naef (1922) 
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placed these forms in a uniqu~ group, the Odont.oglossa. 

It is evident that in the Class Cephalopoda the radular 

apparatus has been of considerable systematic importance, alth~ugh 

little attention has bee~ given to that of the decapods. 

Several attempts have been made to set up criteria for 

taxonomic. groupi.ngs in the Cephalopoda by usi.ng various structures·, 

chiefly hard parts. Clarke (1962a), usi.ng the mandibles of repfesentative . 

species of 13 families of decapods, concluded that stable criteria exist 

whereby it is possible to identify beaks to family level. He found 

some instances of characteristics whereby he was able to distinguish 

between species but within the same family. 

Earlier~ Ishika\\'a (1924) showed that the statocysts of the 

Cephalopoda were of extremely important syst~matic significance and he 

urged that it be used as a criterion to determine the phyl,ogenetic 

position of individua~ genera. Since the radular apparatus has been 

used in similar ways in othe~ groups of molluscs, it was deemed 

advisable to undertake the present study with respect to a detailed 

examination of the radular teeth in as many forms as it was possible 

to obtain. 

The purpose of this study is essentially threefold;, (1) to 

study the. general morphology of the Coleoid radular apparatus, (2) to 

examine the extent of variation within selected taxonomi~ groupings 
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with respect to the morphology of the radular ribbon, and (3) to 

determine the role of the radular ribbons and teeth as taxonomic 

critera. 
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Synopsis of the Cephalopods examined for radular 
construction and configuration in this study 

The synopsis \'lhich follo\'IS is the result of considerable 

effort taken to prepare as complete as possible a system of 

classification through major taxa and species, having sought out 

authorities and chronology at all levels. It was felt important to 

do this because synopses in the literature most often fail to take 

cognizance ot the historical aspects of the development of systematic 

teuthology. It is recognized that several schemes of classification 

exist and the one adopted here proved' to be workable and reflects the 

relationships between the different taxa concerned. In addition ·to 

original papers for individual taxa, references used in the preparation 

of this synopsis were basically F~russac, 1839; Pfeffer, 1912; Naef, 

1923; Clarke, 1966; Robson, 1929-1932; Sweet, 1964; Teichert .& Moore, 

1964; and numerous publications by G. L. Voss. Special mention should 

be made in acknowledging the co-operation of Mr. C. C. Lu, of the 

staff of the Marine Sciences Research Laboratory, in the ·preparation of 

various areas of this synopsis. Especially to be acknowledged is his 

cheerful assistance and the opportunity to gain access to his 

extensive library of reprints pertaini.ng to the literature of 

cephalopods. 
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Phylum Mollusca 
Class Cephalopoda Cuvier, 1797 
Subclass Nautiloidea Agassiz, 1847 
Order Nautilida Agassiz, 1847 

Family Nautilidae de Blainville, 1825 
Genus N~ Linne, 1758 
N~ pompitiU6 de Montfort, 1808 

Subclass Coleoidea ·Bather, 18881 
Order Sepioidea Naef, 1923 

Family Sepiidae Leach, 1817 
Genus Sepia Linn~, 1758 

Sepia o66ici~ Linne, 1758 
S~ o~bigniana . F~russac, 1826 
Sepia elegan& de Blainville, 1827 
Sepia .to~geM \'IUlker, 1910 
Sepia longip~ Sasaki, 1914 

Family Sepiolidae Leach, 1817 
Subfamily Rossiinae Hoyle, 1904 · 
Genus Ro~~ia Owen, 1828 

Ro~~ia ma~o~oma d'Orbigny, 1839 
Ro~~ia ~ublev~ Verrill, 1878 
Ro~~ia (S~o~~ia) ten~ (Verrill, 1880) 
Ro~~ia caAoti Joubin, 1902 
Ro~~ia mollicella Sasaki, 1920 
Ro~~ia ( AU6bto~o~.6ia) an:ti.Uen&~ Voss, 1955 
Ro~~ia sp. 

Subfamily Sepiolinae Hoyle, 1904 
Genus Sepiola. Leach, 1817 

Seplola. att4ntiea d'Orbigny, 1839 
Sepiol4 (= Sepi~) oweniana d'Orbigny, 1839 

Order Teuthidida .Naef, 1916 
Suborder My~psida d'Orbigny, 1839 
Family Loliginidae d'Orbigny, 1839 

Genus Lotigo Schneider, 1784 
Lotigo vulg~ Lamarck, 1799 
Loligo pealei Lesueur, 1821 
Lotigo 6o~b~i Steenstrup, 1856 
Lotigo japoniea (Steenstrup, 18~5) 
Lotigo ed~ Hoyle, 1885 
Loligo eth~dgei Berry, 1918 

1 Includes Decapoda Leach, 1818. 



Genus Vo4yt~ Naef, 1912 
Vo4yteut~ ~inghalen6~ (Ortmann, 1891) 
Vo4yteuthih pick6o4~e Adam, 1954 
Vo4yteu.:th.-L6 ~iboga.e Adam, 1954 

Genus Loltiguncuta. Steenstr.up, 1881 
Loltigunc.u.R.a. b4ev.U. (de Blainville, 1823) 

Genus Seploteuthi6 de Blainville, 1824 
Seploteuthi4 le6~onia.na. F~russac, 1826 

Genus Alloteu.:th.-L6 WUlker, 1920 
Allot~ m~ (Linn~, 1758) 

Genus U4oteut~ Rehder, 1945 
U4ot~ b~chi Rehder, 1945 

Genus Lotio~ Steenstrup, 1856 
Lotio~. inve6~ig~~ Goodrich, 1896 

Suborder Oegopsida d'Orbigny, 1839 
Family Enoploteuthidae Pfeffer, 1900 
Subfamily Enoploteuthinae Pfeffer, 1900 
Genus Enoploteu.:th.-L6 d'Orbigny, 1839 . 

Enoptoteu~ lep~ (Leach, 1817) 
Enoptot~ a.na.p~.U. Roper, 1964 

Genus Ab~a.lla. Gray, 1849 
Ab~ v~nyl (RUppel!, 1844) 
Ab~ muttihama.ta Sasaki, 1929 

Genus Ab~op&.U. Joubin, 1896 
Ab~op&~ hoylel (Pfeffer, 1884) 
Abta.llop6~ gllc.~ti (Robson, 1924) 

Subfamily Pyroteuthinae Pfeffer, 1900 
Genus Pte4yglot~ Fischer, 1896 

Pte4ygioteut~ g~~dll Fischer, 1896 

Family Onychoteuthidae Gray, 1849 
Genus Onyc.hoteuthi6 Lichtenstein, 1818 

Onychoteuthi6 ba.nk6l (Leach, 1817) 
Genus Anc.il.tnoteuth.u. Gray, 1849 

Anc.il.tnoteuth.u. tic.hten6teln.U (d 'Orbigny, 1839) 
Genus Mo4oteuth.u. Verrill, 1881 

Mo4ot~ 4obU6ta. (Dall) (Verrill, 1876) 
Mo4oteut~ ltJnnbMgU Ishikawa & Wakiya, 1914 

Family Gonatidae Hoyle, 1886 
Genus Go~ Gray, 1849 

Go~ na.~cll (Lichtenstein, 1818) 
Go~ ma.g~te4 Berry, 1913 
Go~ a.nonychU6 Pearcy &"Voss, 1963 



Family Pholidoteuthidae Adam, 1950 
Genus Photidote~ Adam, 1950 

Photidote~ adruni Voss, 1956 

Family Architeuthidae Pfeffer, 1900 
Genus A4~hite~ Stee~strup, 1857 

A4ahite~ du~ Steenstrup, 1857 
A4chit~ ha4vey~ Verrill, 1875 
A4chiteuth.i6 long..bna~ Kirk, 1888 
A4chit~ sp. (of Mitsukuri & Ikeda, 1895) 
A4~hiteut~ phy~et~ goubin, 1899) 
A4~hit~ cla4k~ Robson, 1933 
A4~hit~ sp. (of Frost, 1934) 
A4chit~ sp. (of Frost, 1935) 

Family Histioteuthidae Verrill, 1881 
Genus H~tioteuthi6 d'Orbigny, 1839 

H~tiote~ bonettl (F~russac, 1835) 
H~tioteuthlo ~o~~. (Verrill, 1879) 

Genus Caltiteuthi4 Verrill, 1880 
Caltiteuthl6 4ev~a Verrill, 1880 
Caltiteuthl6 do6l~~ (Pfeffer, 1912) 
Cattiteuthl6 elongata Voss & Voss, 1962 
Caltiteuthl6 ~o4ona Voss & Voss, 1962 
Caltiteuthl6 (= Meleag4oteut~) hoyt~ Pfeffer, 1908 
Caltiteut~ ( = SUgmatote.u;t~) sp. 

Family Bathyteuthidae Pfeffer, 1912 
Genus Bathyt~ Hoyle, 1885 

Bathyt~ ba~~oena Roper, 1968 
Bathyteuthl6 bWt.y~ Roper, 1968 
Bathyteut~ sp. 

Family Batoteuthidae Young & Roper, 1968 
Genus Batot~ Young & Roper, 1968 

Batote~ ~~olop~ Young & Roper, 1968 

Family Brachioteuthidae Verrill, 1881 
Genus B4achioteut~ Verrill, 1881 

64achlot~ bea~ Verrill, 1881 

Family Ommastrephidae Gill, 1871 
Subfamily Illicinae Posselt, 1890 
Genus 1llex Steenstrup, 1880 

1llex ~eeeb4o~~ ~eceb4o~~ (Lesueur, 1821) 
1llex ~eeeb4o~u~ co~nd~ (Verany, 1837) 
1t.e.ex ~eeeb4o~~ ct4ge~n~ de Castellanos, 1960 

Genus Toda4op~~ Girard, 1889 
Toda4op.6~ eblanae (Ball, 1841) 

~ I 
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Subfamily Todarodinae Pfeffer, 1912 
Genus TodaAode6 Steenstrup, 1880 

To~odeh ~ag~ (Lamarck, 1799) 

Subfamily Ornmastrephinae Carus, 1890 
Genus anma6~ephe6 d'Orbigny, 1839 

Omma6~ephe6 b~ronl (Lesueur, 1821) 
Omma6~epheh pt~opu4 (Steenstrup, 1855) 

Genus O~nithoteuth<4 Okada, 1927 
O~nlihoteu.:tlt.i6 ant.Ui.aJwm Adam, 195 7 

Family Thysanoteuthidae Keferstein, 1866 
Genus Thy~anoteuth<4 Troschel, 1857 

Thy~anoteu.:tlt.i6 ~hombuo Troschel, 1857 

Family Chiroteuthidae Gray, 1849 
Subfamily Chiroteuthinae Chun, 1910 
Genus C~teu.:tlt.i6 d'Orbigny, 1839 

C~oteu.:tlt.i6 v~any~ (F6russac, 1835) 
C~oteuthi6 capen6~ Voss, 1967 

Genus Valbyteut~ Joubin, 1931 
Valbyteu.:tlt.i6 danae Joubin, 1931 

Family Mastigoteuthidae Chun, 1910 
Subfamily Mastigoteuthinae Chun, 1910 
Genus M~~ot~ Verrill, 1881 

M~~oteu.:tlt.i6 co~dl6o~ Chun, 1908 

Family Promachoteuthidae Naef, 1912 
Genus P~omachot~ Hoyle, 1885 

P~omachot~ sp. 

Family Cranchiidae Prosch, 1847 
Subfamily Cranchiinae Pfeffer, 1912 
Genus Py~op6~ de Rochebrune, 1884 

Py~gop~~ pauQiccu, Issei, 1908 
Genus V~euthih Steenstrup, 1856 

V~euthih hyp~bo~ea (Steenstrup, 1861) 
Subfamily Taoniinae Pfeffer, 1912 
Genus Pha6matop~~ de Rochebrune, 1884 

Pha6m~p6~ cymoctypcu, de Rochebrune, 1884 
Genus Megalo~nc~ Pfeffer, 1884 

Megalo~nchia megato~ a~~ Voss, 1967 
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Order Octopoda Leach, 1817 
Suborder Incirrata Grimpe, 1917 

Family Octopodidae d'Orbigny, 1838 
Subfamily Octopodinae Grimpe, 1921 
Genus OctopU6 Cuvier, 1797 

Oc.:topU6 vui.ga/l..U Lamarck, 1798 
OctopU6 b~ Verrill, 1880 

. OctopU6_ (PotypU6) nuj.U.CU (Sasaki, 1929) 
Oetopu4 ~atutil Verany, 1839 

Genus Pt~octopU6 Fischer, 1882 
Pt~octopU6 t~c~hU6 (Delle Chiaje, 1830) 

Subfamily Bathypolypodinae Robson, 1931 
Genus BathypotypU6 Grimpe, 1921 

BathypotypU6 ~pon6~ Robson, 1921 

Family Argonautidae Cantraine, 1841 
Genus ~gonaut4 Linn~, 1756 

Akgonaut4 ~go Linn6, 1756 
Akgonaut4 kian6 Solander, 1786 

Family Ocythoidae Gray, 1849 
Genus Ocytho~ Rafinesque, 1814 

Ocytho~ tub~culata Rafinesque, 1814 

~~- ·-· -- ..--.., , .... _____ ~ · .. ·-···-·······--
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MATERIALS AND METHODS 

An effort was made to determine the radular morphology of 

as many species of decapod Coleoids as possible. Emphasis was placed 

on teuthoid species, and octopods were included only as a basis of 

comparison. 

Where specimens \.Zere not available, primary and secondary 

sources in the literature were consulted and radular illustrations 

therein used as a basis for comparison. In many instances neither 

size nor scale was indicated in the original. For this reason, the 

drawings have been reproduced either in the original size, enlarg"ed 

or reduced as fitted the circunistances. Reproduction of the drawi_ngs 

was carried out as accurately as possible using a table-mounted 

Optiskop TYP 62 1000, equipped with an Optisc~p lens 1:4/175, an 

Optilux lens 1:25/100, and an Extension Tube. It is manufactured by 

the Optelma Grafica ag., Basel, Switzerland. 

All photomicrographs were taken by the author using ADOX 

KB 14, 35 rnrn, 20 ASA film. The photomicrographic facilities used were 

those at the Marine Sciences Research Laboratory, a Nikon Microf1ex 

Photomicroscope, Model AFM. The film was developed and printed by 

Mrs. K. Yorke of the Marine Sciences Research Laboratory. Additional 

phot_ographs of the radula and buccal mass of M.c.We.u.thi& were taken, 

developed and printed by Mrs. Yorke,. following the ·several stages of 

dissection by the author. The two photographs of the ~c.hiteut~ 
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from Conche, White Bay (1964) were taken by Mr. · H. James McCullough 

for Dr. F. A. Aldrich at the time of original examination. 

All measurements are expressed in millimetres and are defined as 

follows: 

Mantle Length 

(ML) = the dorsal length of the mantle from the anterior 

margin to the posterior end. (Voss, 1956; Haefner, 

1964) 

. Radular Length 

(RL) = the total le.ngth of the radular 'ribbon from its growing 

edge, normally. enclosed in the radular sac, to the base 

of the last row or partial ro\'1 of teeth on the oldest 

or most anterior portion. 

Radular Width 

(RW) = the greatest width of the radular ribbon, at th~ growi.ng 

edge, which extends slightly beyond the marginal teeth 

or marginal plates, where the latter are present. 

Tooth Width 

(TW) = the width of the middle or rachidian tooth, imn1ediately 

below the lateral cusps or ectocones. Where lateral 

cusps or ectocones are not present, the widest portion 

of the base of the rachidian tooth above the radular 

ribbon may be used. 

All measurements w~re made using either a standard millimetre rule 

or a standard calibrated occular micrometer, dependi.ng on the size of 

the'material examined. 
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The original material for this study was made available from 

several sources. The sources and specimens are as follows: 

1. MSRL/MUN. Collections 

Sepia. elega.M 

Ro.u,£a. .6u.btevl6 

Ro.6.6.la. sp. 

Ro.6.6,£a. sp. larva 

LoUgo · pea.tel. 

Lottigu.ncu.ta. b4ev.l.6 

Ablc.a.t..i..a v eJta.ny.l 

Ittex .ltteceb4o.6U6 .ltteceb40.6U.6 

Ittex .ltteceb4o.6U.6 co.lndetii 

(Courtesy of Dr. G. L. Voss, 
Institute of ~farine Science, 
University of Miami) 

As above 

As above 

(Courtesy of Hr. N. J. Hum by, 
Summerville, Bonavista Bay)* 

'(Courtesy of Dr. F. C. Daiber and 
Mr. R. W. Smith, University of 
Delaware, Marine Laboratories, 
Lewes, Delaware) 

(Courtesy of Dr. G. L. Voss , 
Institute of Marine Science, 
University of Miami) 

(Courtesy of Dr. G. L. Voss, 
Institute of Marine Science, 
University of Miami) 

(Courtesy of Dr. Zulma J. A. de 
Castellanos, Museo de La Plata, 
La Plata, Argentina) 

(Courtesy of Dr. G. L. Voss, 
Institute of Marine Science, 
University of Miami) 

2. Dr. Katharina Mangold, Maitre de Recherche, Laboratoire 
Arago, Banyuls-sur-Mer, France 

Sep,[.a. oH.luna.U6 

Sep.letta owen.la.na. = Sep.lola. owen.la.na. ,.. 

*As reported by Aldrich & Lu (1968a) 



Ro.6.6-i.a. ma.CJLo.6 oma. 

R. c.cvr.oU 

Iltex .i.ltec.eb~o.6U.6 c.o.i.ndetll 

T odcvr.op-6-i.-6 ebta.na.e 

T oda.Jr.odu .6a.g~ 

Oc..topU.6.6ai.u:tU.. 

PteJr.oc.topU-6 .t&Jr.a.c..i.Mfu.t.6 

Ba.thypotypU.6 .6pon.6a.U.6 

3. Dr. Clyde Roper, Supervisor, Division of Mollusks, 
U.S. National Museum, Smithsonian Institution, Washington, D.C. 

The removal of the radula from the buccal cavity posed a problem. 

Dissection proved to be an unsatisfactory method as the radular 

apparatus adhered firmly to the underlying tissue and muscles, damaging 

extensively the teeth and the radular ribbon. It was found that 

immersion of the entire buccal mass in a 10 per cent solution of 

sodium hydroxide, for a period of 12-24 hours, softened and destroyed 

the tissues of the buccal mass, thereby greatly facilitating ·the 

removal of the radular apparatus intact from its position in the buccal 

cavity. 

Upon the removal of the radular apparat~s, it was thoroughly 

rinsed with tap water and then stored in 70 per cent ethyl alcohol 

until mounti.ng. Before mounting, the radular apparatus \'las again washed 

in tap water to remove debris (fish scales, small sand grains, and 

bits of unidentifia~le material) from between the longitudinal rows of 

teeth and the teeth themse 1 ves. The chitinous hood \'las trimmed from 
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the radular ribbon by means of a micro dissecting scalpel. Further 

cleaning of the radular teeth was carried out by means of needles 

made from insect pins set into melted glass tubing and a fine water-

colour paint brush, trimmed to a shorter l~ngth to make it less flexible. · 

The ventral portion of the radular ribbon was gently scraped with 

the micro dissecting scalpel in order to remove as much of the adhering 

tissue as possible. If this were not done, as it was not in a tri'al 

run of the technique, the adhering tissue would stain and render the 

radular ribbon opaque, thereby obscuring the details of the radular 

teeth. 

Once trimmed and'cleaned, the radular ribbon was mounted. The 

use of Turtox CMC-S*, Non-resinous Stain Mountant proved to be 

invaluable. I must here thank Dr. D. H. Steele for suggesting this 

material. This medium made possible the sta~ning and mounting of the · 

radular ribbon directly from either water or alcohol, without the 

dehydrating, staining, and clearing usually associated with histological 

technique. A quantity of the CMC-S, sufficient to cover the specimen 

and the area of a 22 mm x 22 mm, no. 1, cover glass, was placed on the 

slide. The specimen was then placed in the stain-mountant, oriented, 

flattened, and a cover glass placed on the specimen. 

The CMC-S contains acid fuchsin which stains the cytoplasmic 

portion of the cellular components adhering to the radular ribbon, newly 

formed teeth, and bases of the older teeth. The cusps of the older 

teeth do not stain byt remain transparent and "glassy" in appearance. 

*Available from General Biological Supply House, Inc., 8200 South 
Hoyne Avenue, Chicago, Illinois 60620, U.S.A. 
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If at any time the specimen needed to be removed from the slide 

for re-positioning or the need to replace a cracked cove~ glass, 

etc., it could be done readily by soaking the slide in tap water. 

The water dissolves the CMC-S, leaving the specimen freely accessible 

and workable. The intensity of the stain is in no way diminished 

upon such treatment. By using CMC-S in conjunction with Turtox CMC-10 

Non-resinous Transparent Mounting Medium, the degree of staining could 

be controlled. Both CMC-S and CMC-10 are mutually miscible and 

soluble in water and alcohol. 

The radular apparatus of the Architeuthids proved to be difficult 

to handle. The large size and thickness of the radular ribbons were 

not the only sources of difficulty, but also their extreme brittleness. 

Having been stored in alcohol for a period of four or five years, the 

radular ribbons retained their natural curvature. Measurements and 

examination of teeth required that the radular ribbons be mounted, 

after the prerequisite cleaning and trimming. A radular ribbon was 

then oriented length\'lise on a plain glass slide (25 mm x 75 rnm) . In 

order to straighten and hold the radular ribbon in place, it was tied 

to the slide with nylon monofilament "Invisible Se\'ling Thread" . The 

thickness of the radular ribbon necessitated the use of supports to 

contain the mounting medium · and hold the cover glass, \'lhich was a 

second plain glass slide (25 nun x 75 mm). To do this a rectangular 

"crib" of FISHERbrand capillary glass tubing (I. D. 1.1-1. 2 mm) was . 

used. The tubing was secured to the four margins of the slide by a 
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small amount of either CMC-S or CMC-10, and held in place until 

firmly set. The mounting medium was then poured into this enclosure 

covering the radular ribbon and a cover glass slide placed upon the 

preparation. The thickness of the preparation necessitated the use 

of a vacuum oven to remove trapped air, and I wish to thank Dr. G. I. 

MeT. Cowan for his help with the techniques of this latter operation. 

In all, a total of 20 specimens of 1ltex itte~eb~o~Uh itte~eb~o~Uh 

and 21 specimens of 1. L ~oinde,t,U. were examined. In each specimen, 

as in the other genera examined, the radular length was ascertained 

(in millimetres), along with determinations of the mantle length, se~, 

the buccal mass diameter, the greatest and smallest width of the 

radular ribbon, plus the number of longitudinal and horizontal rows 

of teeth on the radular ribbon. For specimens of the three subspecies 

of 1. ilte~eb~o~Uh, three individuals were found to be of approximately 

the same mantle length (160-163 mm) and of the same sex (male). For 

these specimens, measurements were made of the width of the rachidian 

teeth (in mil1imetres), the height deemed to be too variable in as 

much as abundant evidence of wear or mesocone damage was prevalent. 

Such measurements were taken using an ocular micrometer. 

Indices of radular length were then computed against mantle length 

for these three individuals. 

In all instances, the number of specimens in all other families 

is indicated in the appropriate portions of the thesis. 
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The radular ribbons of th~ genus A~ehite~ that were available 

were studied in similar fashion, in that the width of all of the 

rachidian teeth present· \'lere measured. Since only two of the five 

specimens of ~ehiteuthl& proved to possess complete radular ribbons 

it was deemed inadvisable to attempt to compute radular indices, 

although the information (i.e. , data) \'li 11 be preseilted here later. 
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RESULTS 

In lieu of actual material, it was possible ·to find radular 

illustrations of representative genera and species of 22 families 

of cephalopods, from various sources in the literature. These are 

reproduced in Plates 7 through 49. I was able to examine the actual 

radular ribbons and teeth of 80 specimens representative of 15 genera 

and eight families. Photographs of radular teeth of representatives 

of these 15 genera augment the material from the literature sources 

and are to be found on the plates of the appropriate families. 

All of the families represented, with t\o1o exceptions occurring 

in the families Gonatidae (Hoyle, 1886) and Chiroteuthidae (Adam, 1952), 

exhibit seven longitudinal rows of teeth. Both of the exceptions .have 

only five such rO\'IS. 

Family Nautilidae 

The only livi_ng tetrabranch, Na.u.:tU.w.,, possesses a radula of 

the usual seven longitudinal rows of teeth, plus well developed 

marginal plates. There is a unicuspid rachidian (median) tooth, the 

same condition with respect to cusps being exhibited by both the 

lateral and inner marginal teeth. The marginal teeth are sharply 

recurved, directed medially, posteriorly and dorsally, the outer 

curved surface directed toward the midline and overlaps adjacent 

inner marginal teeth (Plate 7, Figure 1). 
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Plate 7 

Family Nautilidae 

Fig. 1. Single row of radular teeth of Na~ pompillU6 
Lfnn~, 1758. (Drawi.ng after Naef, 1923) 
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Fig. 1. Nau.ti.R.M pompilitUJ Linne, 1758. 
(After Naef 1 1923) 
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Family Sepiidae 

In the Family Sepiidae, two species of the genus Sep~, 

s. on6.i.c..i.na.U.6 and s. elega.tt6, were available for examination 

(Plate 8, Figures 1 and 2). The data on these specimens are 

presented in Table 2. 

Table 2. Mantle length, sex, buccal and radular data for 
representatives of Family Sepiidae. 

Mantle Buccal Radula Teeth 
Species Length Sex Mass Length Max. Min. No. No. 

(mm) Diam. (mm) Width Width of of 
(mm) (mm) (mm) Horiz. Longit. 

Rows Rows 

S. o6 6icbt~ 135 F. 18 12.9 3.2 3.2 53 7 

s. elega.~ 70 F. 8 6.5 1.6 1.05 49 7 

In Plate 8, Figure 1, is presented a photograph of a portion of 

the radular ribbon of the cuttlefish Sep.i.a. o66.i.c..i.~ described in 

Table ·2. The dentition _agrees fairly well with the drawing from Naef 

(1923) as presented in Plate 9, Figure 1, to be discussed shortly. 

. . 
In Plate 8, Figure .2, is presented a portion of the radular 

ribbon of Sep.i.a. elega.n6. As can be seen by comparing Fig~res 1 and 2 

(Plate 8) and the sepioids figures in Plate 9, S. elega.nh is 

characterized by the possession of moderately developed marginal plates 

and extremely long cusps on a broad-based rachidian tooth. As in 
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other species of th~ . genus represented, S. ~egan6 possesses lateral 

teeth of a le.ngth equal, or nearly equal, to that of the rachidian 

teeth, 

As noted e~rlier, a representation of the radular ribbon of 

S. o66~cl~ was available in the literature (Naef, 1923). This 

illustration (Plate 9, ~igure 1), shows seven teeth, all unicuspid, 

long, and of almost equal l~ngth and moderately acute. The ma;rginals 

are the longest and they curve medially to a sl.ight extent and then 

upward. 

Three additional species are depicted in Plate .9. These are 

Sep-ia. OILb.(.g rU.ana. (after Naef, 1923) CF.igure 2), S. lo.ngipu (after 

Sasaki, 1929) (~igure 3) and S . .to~~ (after Sasaki, 1929) (~igure 4). 

The radular teeth represented in these sources differ markedly, mainly 

in the development of the cusps of the rachidian, lateral and inner 

marginal teeth, and also in the size and extent of their bases. Three 

factors in common are the equality, or near equality, of le.ngth of 

the laterals and rachidian teeth, the. unicuspid condition, and the 

elongated recurved configuration of the ma;rginal teeth, which are 

similar to that characteristic of S. o66-iclnafu (Plate 9, F.igure 1). 

The ir~egular tooth displacement seen in Plate 8, ~igure 2, 

is due to da~age in handl~ng and is not natural, 

Family Sepiolidae 

Genus Ro.6.6ia 

Specimens of three species of the. genus Ro.M.i.a. were available 
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· Plate 8 

.Family Sepiidae 

Photograph of radular teeth of Sepia o66i~n~ 
Linn6, 1758. 

Photograph of radular teeth of Sepia. elega.n.6 
de Blainville, 1827, 
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Fig. 1. Sepia o66~ci~ Linn6, 1758. 

Fig. 2. Sep~a elegan6 de Bl&inville, 1827. 
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Plate 9 

Family. Sepiidae 

Fig, 1. Single ro\~ of radular teeth of Sep.i.a. o6 61.c1.t'ULU1> 
Linn~, 1758. (Drawing after Naef, 1923). 

Fig. 2. Single row of radular teeth of Sepi.a o~bi.gniana 
F~russac, 1826. (Drawing after Naef, 1923). 

Fig. 3. Single row of radular teeth of Sep.Ut longi.pu 
Sasaki, 1914 (xSO). (Drawing after Sasaki, 
1929). . 

Fig. 4. A portion of the radular ribbon of Sep.ia 
loM.geJta l\'Ulker, 1910 (x37). (Drawing after 
Sasaki, 1929) . 
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Fig. 1. Sep..i.a. o66..(.c...Lna..U& Linne, 1758. 
(After Naef, 1923) 

Li)czji) 6 {) ~ (b 
Fig. 2.. Sep..i.a. oJtb..i.grU.a.na. F~russac, 1826. 

(After Naef, 1923) 

Fig. 3. Sep..i.a. .tong..i.pu, Sasaki, 1914. 
(After Sasaki, 1929) 

Fig. 4. Sep..i.a. R.olt..i.g eJto. WUlkcr, 1910. 
(After Sasaki, 1929) 
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for study. These were R. macJt.o.6oma (two specimens), R • .6u.b.tev.U, 

and R. c~oti, plus a single adult specimen of one heretofore 

· unidentified. Photographs of these are presented in Plate 10, 

Figures 1 through 4. 

Data on these specimens are presented in Table 3, along with 

data on a larval Ro.6.6i4, the radular ribbon of which is illustrated 

in Plates 12A and 12B. 

Table 3. Mantle length, sex, buccal and radular data for the genus 
Ro.6.6ia of the Family Sepiolidae. 

Radula .Teeth 
Mantle Buccal Max. Min. No. 

Species Length Sex Mass Length Width Width of 
(inrn) Diam. (mm) (mm) (mm) Horiz. 

(nun) Rows 

R. macJt.o.6 oma 67 F. 14.5 11.9 2.37 .92 63 

R. mae.Jr.o.6oma 41 M. 9.0 8.3 1.80 1.00 74 

R. .6u.b.e.ev.U 20 M. 6.0 4.5 1.25 .77 51 

R. c~oti 35 M. 8.5 7.5 2.10 1.10 56 

Ro.6.6.la. sp • 35 F. 8.5 6.5 1.50 1.10 54 

Ro.6.6.(,a sp . 
(Larva) . 6 ? 2.0 2.0 .93 .18 36 

By comparing the photograph of R. mae.Jr.o.6oma with the drawing 

(Plate 11,Figure 2), it is evident that agreement in many details is 

lacking. The rachidian tooth in the photograph arises from what may be 

No. 
of 

Longit. 
Rows 

7 

7 

7 

7 

7 

7 . 

-



.... !:-

' : !~ 'f 

. , 
·) 

-54-

. Plate 10 

Family Sepiolidae 

Fig. 1. Photograph of· radular teeth of Ro~~ia ma~o~oma 
d'Orbigny, 1839. 

Fig. 2. Photograph of radular teeth of Ro~~ia ~oti 
Joubin, 1902. 

Fig. 3. Photograph of radular teeth of Ro~~~a ~ubtev~ 
Ver:dll, 1878. 

Fig. 4. Photograph of radular teeth of Ro~~ia sp . 
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• 

Fig. 1. Ro~~id ma~~oma d'Orbigny, 1839 

Fig. 2. Ro~~ia ~oli Joubin, 1902 

~. -~ 
~:~ 

~· 

t 
Fig. 3. Ro~~ia ~ublev~ Verrill, 1878 

Fig. 4. Ro~~id sp. 
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termed rounded "shoulders",and a similar condition characterizes 

the lateral teeth. The cusps of the inner and outer ·marginal teeth 

are rounded, not sharply attenuated. 

In R. ~otl, rachidian teeth are tall and arise from a relatively 

narrow base. The lateral teeth possess cusps which arise from a laterally 

placed elongated base adjacent to the sharply recurved attenuated cusps 

of the outer marginals (Plate 10, Figure 2). 

Ro.&l»-Ut .&ub.te.v.i6 (Plate 10, Figure 3), differs sharply in the 

breadth of its rachidian tooth base which is extremely broad. The 

lateral e_dges of the rachidian tooth base are pointed in a manne'r 

suggesting the formation of a cusp. The bases of the lateral teeth are 

narrower than those of R. ~otl or R. ma~ol»oma, with no lateral 

extensions. The cusps of lateral teeth are again equal in size to 

those of the rachidian teeth. The m~rginals, alth~ugh sharply cusped, 

do not possess the recurvature noted for R. e~oti. 

The radulal" ribbon of the unidentified species of Ro-6-6..i.a 

(Plate 10, Figure 4) is similar in that it has the unicuspid condition 

of Ro-6l»..i.a and Se.p-Ut. It differs from the other species here presented 

in _that the lateral tooth base does not possess the rounded "shoulder" 

of R. macJLo.&oma., the lateral tooth base ext_ension (l~terad) of R. 

c.aJr.oU, nor is it as narro\'f' in base width or breadth as are the tooth 

bases of the laterals of R. ~:~ub£.e.v.i6. The angle of the sloping outer 

edge of the lateral tooth of this radula appears to be intermediate 

bet\'f'een that ~f R. -6ub£.e.v.i6 and R. eaJt.oU. 



) ' :,·· . . · F 
-:··:;._:_·t: ·. 

1:· . ;. 
· ·. . 
;!ij: --·-_;_·r 
,'1:. 

j, ;. ·;: 
! . ~ ·- ·, 

-57-

Plate 11 

Family Sepiolida~ 

Fig. 1. Two rows of radular teeth of R0.6.6.ia. mot.Uc.eil.a. 
Sasaki, 1920. (Original magnification x36). 
(Drawing after Sasaki, 1929) • · 

~ig. 2. Portion of radular ribbon of R0.6.6.ia. maCJto.6oma 
d'Orbigny, 1839, (Drawing after Naef, 1923) 

Fig. 3. Teeth of right half of a single row from the 
radular ribbon of R044.ia. (AtU.tAOIL0.6.6.i.a) antUleM-<A 
Voss, 1955. (Drawing after Voss, 1956) 

Fig. 4. Portion of radular ribbon of R0.6.6.i.a (S~o4.6.i.a) 
ten~ (Verrill, 1880). (Drawing after Verrill, 1880) 
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Fig. 1. Ro.6.&.t.a 1noWc.e.tta Sasaki, 1920. 
(After Sasaki, 1929) 

Fig. 

.. . . 
1I 
J: 

•-\:1. 

. ~! 

··<·~ :: , . . :~ ·: 
~ : :: 

, ... ·: . .: 
2. Ro.6.6.t.o. ll1aCJL0.6oma d 1 Orbigny:\ .l839. 

(After Naef, 1923) 

Fig. 3. RM.6ffi (AU6·VLOILOM-ia) ctl'l.tUte.nJ.J.t-6 
Voss, 1955. (After Voss, 1956) 

Fig. 4. Ro.&.&-ia (SemUt.o-6.6-ia) :teneJ!.a 
(Verrill~ 1880). (After Verrill, 1880) 



-59-

In addition, R. ma.CJt.o.6oma. was available from the literature 

(Naef, 1923) (Plate 11, Figure 2), as Nere R. mollic.eU.a. (after 
. . 

Sasaki, 1929) (Figure 1), R. a.ntitten-6~ (after Voss, 1956) (Figure 3) 

and R. ~en~a. (after Verrill, 1880) (Figure 4). A considerable degree 

of uniformity characterizes these four figures, with the exception of 

Verrill's (1880) representation of R. ~elt~a.. Basal plates are 

developed in the rachidian and other teeth of all four species, with 

characteristic acute, yet attenuated cusps. It appears that the 

rachidian is smaller than, or of equal size to, the laterals. In 

general there appears to be an increase in cusp size of the laterals. 

The marginal teeth of.all four species ·arise from an elongated base. 

It must be pointed out that one may wonder at Verrill's (1880) portrayal 

of the "crystalline" design indicating a leading edge or defined 

surfaces to all but the marginal teeth. 

In Plates 12a and 12b, is represented the radular ribbon of 

the larval Ro-6.6-ia.. The entire radular ribbon is shO\oJn in 12a and 

the somewhat damaged condition is due to the extremely small size of 

the specimen and the .radula (Table 3). In Plate 12b can be seen the 

nascent or grO\dng edge of the radular ribbon (Figure 1) . Upon close 

examination can be seen the faint outlines of developing marginal 

teeth in the odontogenic tissue . The more developed teeth can be 

seen to be "unfinished" in developing rO\"S. 

Teeth shO\m in Figure 2 are in a further stage of development, 

further for\"ard on the radular ribbon. It can be noted that the shape 
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Plate 12a 

Family Sepiolidae 

Photograph of radular ribbon of larval Ro.6.6.la. 
sp. 'from Chandler Reach region of Bonavista Bay, 
Newfoundland. · 
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Fig. 1. Ro~~ia sp. Complete larval 
radular ribbon. 
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Plate 12b 

Family Sepi~lidae 

Fig. 1. Radular ribbon of larval 'Ro.6.6.ia sp. in area of 
odont.ogenesis • 

Fig. 2. Portion of radular ribbon of larval 'Ro.6.6.ia sp. 
sho\dng area of greater tooth development. 

Fig. 3. Oldest portion of radular ribbon of larval 
Ro.6.6.ia. sp • 
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Fig. 1. Larval Ro.6.6.i.a. sp. (odontogenic area) 

Fig. 2. Larval Ro.6.6.ia. sp. (tooth development area) 

Fig. 3. Larval Ro.6.6.ia. sp. (oldest radular portion) 
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of the teeth is more pronounced and the different types of teeth 

are more easily discernible. Teeth in this area stain to a greater 

degree than do either those in the newly developing areas or those 

of the more mature areas. Figure 3 represents the oldest or most 

forward portion of the radula. Here the teeth do not completely 

stain. The cusps appear glassy and are translucent. Teeth decrease 

in size toward the anteriormost tip of the ribbon. Of the species 

of Ro~4~ here figured, this radula most closely resembles that of 

Ro4~~a ma~o~oma, based on a number of points, most significantly 

those of the sharply recurved m~rginal tooth cusps and the rounded 

"shoulders" of the rachidian tooth bases. 

Genus Sep.(.ola. 

Drawings of two species of the Sepiolid genus Seplola were 

available from the literature, namely, Sep~ola a:U.a.YI:Uc.a (after Adam, 

1934) (Plate 13, Figure 1) and S. (=Sepietta) owenlana (after Naef, 

1923) (Figure 2). These are similar to one another, and, like the 

genera Sep~a and Ro44~a, they demonstrate the unicuspid condition in 

all teeth, along the elongated bases, particularly in the inner and 

outer marginals of S. ateantic.a and the inner marginals of 

S. owenlana. Characteristic of this genus is apparently the 

triangular rachidian tooth. 

A si_ngle specimen of S. owen.l.ana was available and the radular 

ribbon is illustrated in Plate 14. The data on this specimen are 

presented in Table 4 .. 
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Plate 13 

Family Sepiolidae 

Single row of radular teeth of Sepiola atlantica 
d ··orb.igny, 1839. (Drawing after Adam, 1934) 

Fig. 2. Single row of radular teeth of Sep~ola (= Sep~ettal 
oweniana d'Orbigny, 1839. (Drawing after Naef, 
1923) 

• . 
. 



-66-

Fig. 1. Sep.i.ol.a. a.tea.n.ti.c.a d' Orbigny, 1839. (After Adam, 
1934) 

Fig. 2. Sep..iol.a. ( cSep..ie.tta) owettiana. (d 'Orbigny, 1839). 
(After Naef, 1923) 
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Plate 14 

Family Sepiolidae 

Fig. 1. Photograph of portion of radular ribbon of 
Sep.io.ta. ( =Sep.i.etta.) owen.i.ana d 'Orbigny, 1839. 
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Fig. 1. Sepiola (=Sepiette) oweniana d'Orbigny, 1839 . 



... 

-69-

Table 4. Mantle length, sex, buccal and radular data for 
Sep.i.ota. owe.U.a.na. of the Family Sepiolidae. 

Radula Teeth 
Mantle Buccal Max. Min. No. of 

Species Length Sex Mass Length Width Width Horiz. 
(mm) Diam. (nun) (rnm) (rnrn) Rows 

(mrn) 

s. owen.i.a.ttd 31 M. 6.5 5.3 1.30 . .79 54 

The photograph of S. owen.i.a.tta. (Plate 14) does not agree with 

Naef's (1923) interpretation of the species. The base of the rachidian 

is broader, the cusp is more broadly triangular, the marginal teeth 

are stouter and irregularly broadened more proximally, giving a peculiar 

scalpel-shape appearance. Both presentations of this species agree 

basically with respect· to laterals, but Naef did not show the sharp 

medially curved aspect of their cusps characteristic of that presented 

in Plate 14. They agree with respect to the lateral elongation of 

the base of the inner marginal teeth, but the cusp of this tooth type 

is broader and more bluntly rounded at the apex. 

Family Loliginidae 

Genus LoUgo 

Five specimens of Lol.i.go pea.le.i. were examined. It is 

interesting to note that upon examination the slides of the radulae of 

forms earlier identified as Lottlguneuta. b~evi&, one of the group did ' 

not resemble the others. By re-examining the original specimen, the 

No. of 
Longit. 

Rows 

7 
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small differences in sucker dentition, posterior mantle conformation, 

eye size, and sucker number on the tentacular clubs, it w~s placed 

not in the genus Lo.t.Ufju.ncula. but was, in fact, LoU,go peal.u. The 

specimen in question was approximately the same size as those of the 

genus LrfUgu.ncu..C.a., and a cursory examination of a yo~ng Lo.f!.go, and 

this one was sexually inunature, in a catch of Lou..i.gu.nc.ui.a. would not 

be sufficient to notice the differences. 

A representative illustration of the radular ribbon of 

L. peal.e..i is presented in Plate 15 (Figure 2), along with a dral'ling 

of its radular dentition from Williams (1909) (Figure 1). Also 

represented in Plates 15 and 16 are five additional species of the genus 

LoU,go, namely, L. ja.porU.c.a (after Sasaki, 1929) (Plate 15, Figure 3), 

L. edu..R...iA (after Sasaki, 1929) (Plate 15, Figure 4), L. noJtbU.i (after 

Naef, 1923) (Plate 16 '· Figure 1), L. vulga.Jr.,U, (after Naef, 1923) (Plate 

16, Figure 2) and L. ethe/Udgu (after Adam, 1954) (Plate 16, Figure 

3). 

Data on the freshly examined specimens of LoU,go peal.e..i 

are presented in Table 5. 

Marginal plates are stro.ngly developed in L. pea1el (Plate 

15, Figure 2), as in all other representative members of this. genus. 

Williams (1909) does not ~igure them so well developed for·L, pea.tu 

(Plate 15, Figure 1). 
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Table 5. Mantle length, sex, buccal and radular data on th~ genus 
Lo.Ugo of the Family Lol.iginidae. 

Radula Teeth 

Mantle Buccal Max. Min. No. of No. of 
Species Length Sex Mass Length 1\'idth Width Horiz. Longit. 

(mm) Diam. (rnm) (rnm) (rnm) Rows 
(rnrn) 

Lo.Ugo peal.u 
Specimen #2 . 233 M. 13 9.0 2.5 1.5 61 

Specimen #1 213 F. 15 11.3 2.9 1.5 70 

Specimen #4 193 F. 14 11.0 3.0 1.8 65 

Specimen #3 192 F. 13 11.0 3.0 1.7 67 

Specimen ItS* 82 F. 8 5.1 1.8 1.1 45 

*Misidentified Lo~o, radula da~aged at front, or older, end. 
Formerly Loltiguncuta #3. 

Characteristics of this genus are tricuspid rachidian teeth, 

bicuspid later~! teeth with elongated tooth bases which extend in a 

sloping curve toward the base of the rachidian teeth. The bases of the 

inner margin~ls are large and broad. The m~rginal teeth are, i~ general, 

appreciably longer than are the other teeth in all six species, but 

apparently best developed in L. edu.U.I.l (Plate 15, Figure 4). Marginal 

plates can be described as prominent and well developed. 

There is a high degree of similarity among the six species, 

however Naef's (1923) representation of Lo~go vu£g~ may be questioned 

as to its accuracy (Plate 16, Figure 2), or is truly exceptional. 

Ro\'IS 

7 

7 

7 

7 

7 

. ... 
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Plate 15 

Family Loliginidae 

Fig. 1. Two rows of radu1ar teeth of LoUgo pealu 
(Lesueur, 1821). (Dral'li.ng after Williams, 1909) 

Fig. 2. Photograph of portion of radular ribbon of 
Lotigo peatu (Lesueur, 1821). 

Fig. 3. Two rows of radular teeth of LoUgo japoniea 
(Steenstrup, 1885), the marginal plates not shown 
on the .left side of the ri'bbon. (Original 
magnification x40). (Drawing after Sasaki, 1929) 

. Fig. 4. Two partial rows of radular teeth of LoUgo ed~ 
Hoyle, 1885. (Original magnification x40). (Dral'ling 
after Sasaki, 1929) 



-73-

Fig. 1. LoUgo pe.al.u (Lesueur, 1821). 
(After Williams, 1909) 

Fig. 2. Lo.ttgo pe.a.e.u (Lesueur, 1821)'. 

Fig. 3. Lo.Ugo ja.ponA..c.a (Steenstrup, 1885). 
(After Sasaki, 1929) 

Fig. 4. LoUgo e.duUJ., Hoyle, 1885. 
(After Sasaki, 1929) 
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Plate 16 

Family Lol.iginidae 

Fig. 1. Two rows of radu1ar teeth of LoUgo 6oJLbe.6.i 
Steenstrup, 1856. (Drawing after Naef, 1923) 

Fig. 2. Single ro\'l of radular teeth of LoUgo vulga!tM 
Lamarck, 1799. (Dra\'ling after Naef, 1923) 

~ig. 3. Single row of radular teeth of LoUgo ethe4ldgel 
Berry, 19.18. (Original magnification x48). 
(Drawi?g after Adam, 1954) 

~ 
··~ 
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F.ig. 1. Lo.U_go 6oJtbe.b.i Steenstrup, 1856. 
(After Naef, 1923) 

Fig. 2. Lollgo vutg~ Lamarck, 1799. · 
(After Nacf, 1923) 

Fig. 3. Lollgo e.tfteJtl.dgu Berry, 1918. 
(After Adam, 1954) 
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Genus Vo~yte~ 

Three species of Vo~yteut~ were found represented in the 

literature. These three species, Vo~yt~ ~ingha!en&~, V. ~ibogae, 

and V. plck~o~dae, are all figured after Adam (1954) and are presented 

in Plate 17 (Figures 1 thr~ugh 3) respectively. 

Remarkably like Lotlgo, all three species are characterized 

by tricuspid rachidians, bicuspid laterals with slop~ng curved bases, 

and well developed m~rginal .teeth and m~rginal plates. As observed on 

a number of occasions in other species, teeth tend to become crowded as 

the radular ribbon moves forward in the buccal cavity. Resultant 

displacement and/or overlapp~ng may occur and may explain the V-shaped 

presentation by Adam (1954) (Plate 17, F.igure 3). 

Interspecifically, similarities are apparent, yet differences 

can be easily noted. The rachidian ectocones of V. ~ingha!en&~ and 

V. plck~o~dae are shorter and less prominent than are those of V. ~ibogae. 

The same pattern is seen with respect to the ectocones of .the lateral teeth. 

The laterals show differences in the basal length, in that they are 

shorter in V. pick6o~dae. Lateral teeth are appreciably smaller in 

both cusp height and basal width than are the rachidian teeth in only 

V. plck6o~dae. In the other two species the laterals and rachidian 

teeth are of basically the same cusp height. The marginal teeth are 

stout and prominent and in V. ~inghalen&~ appear to be more sharply 

curved than is the case in eitherof the other t\'lo species represented. 

The bases. from which the inner marginal -teeth arise appear to be longer 

and broader than those of representatives of the genus Lo.Ugo, with the 

possible exception of Lo.Ugo eth~dgel (Plate 16, Figure 3). 
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Plate 17 

Family Lolig:j.nidae 

~ig. 1. Si.ngle ro\~ of radular teeth of Volly:teu:tlU.6 
~inghalen4~ (Ortmann, 1891). (Original 
magnification x80). (Drawing after Adam, 1954) 

Fig. 2. 

Fig. 3. 

Single ro\~ of radular teeth of Volly:teu:tlU.6 
~ibogae Adam, 1954. (x80). (Drawing after 
Adam, 1954) · 

Single row of radular teeth of Volly:teu:tlU.6 · 
pick6oJr.dae Adam, 1954. (Original magnification 
x150). (Drawing after Adani, 1954) · 
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Fig. 1. VoJty:teu..tfllA .6.lngfw.l.e1UL6 
(Ortmann, 1891). (After Adam, 1954) 

Fig. 2. Volty:teu;t{UJ.:, .6.lbogae Adam, 1954. 
(After Adam, 1954). 

0 

Fig. 3. Voll.y:t.eu;t!U-6 p.lclz.fioltdcte Adam, 1954. 
(After Adam, 1954) 
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Genus Loltiguncu!a 

Five specimens of Loltiguncula b~ev~ were examined 

(Table 6). 

Table 6. Mantle length, sex, buccal and radular data on the_ genus 
Lo~uncula of the Family Loliginidae. . 

Radula Teeth 

Species Mantle Buccal Max. Min. No. of 
Length Sex Mass Length Width Width Horiz. 

(rnrn) Diam. (rnm) (rnrn) (rnrn) Rows 
(rnrn) 

L. b~ev~ 
Specimen #4 78 M. 8 6.1 1.6 0.8 70 

Specimen 116 65 M. 6.5 5.1 1.7 0.8 65 

Specimen 117 64 M. 6.5 5.3 1.5 1.1 71 

Specimen ttl 84 F. 8 7.4 2.0 0.5 90 

Specimen #2 80 F. 8.5 6.5 1.8 0.7 71 

Specimen ItS 77 F. 8 6.3 1.7 0.7 64 

The radular teeth of L. b~ev~ (Plate 18) are characterized by 

the extreme width of the tricuspid rachidian tooth base so that each 

sharp lateral cusp or ectocone points laterally and posteriorly. The 

mesocone arises as a steep, sharp triangle from its base to a height 

slightly above that of the lateral teeth. 

No. of 
Longit. 

Rows 

7 

7 

7 

7 

7 

7 
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Plate 18 

Family Loliginidae 

Fig. 1. Photograph of portion of radular ribbon of 
Loltiguneula b4ev~ (de Blainville, 1823) 

,, 

• . . 
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.r. 

Fig. 1. LotUgu.nc.u.l.a. bJtev.U (de Blainville, 1823) 
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The bases of the bicuspid lateral teeth are curved and 

elongated medially to a degree that the distance from the base of the 

large cusp to the end of the extension is slightly less than the 

distance from the base of the l~rge cusp to the outer limit of the base. 

The large cusp of the lateral tooth is directed medially to a sl.ight 

degree. 

The unicuspid inner m~rginal teeth exhibit a tooth base 

similar in form to that of the lateral teeth but the medial extension 

is not as great. The tooth is stout, taller than the laterals and 

rachidian, and curved medially in direction. The tooth cusp is pointed 

but not acute, slightly blunt. 

The unicuspid m~rginal teeth are the l~ngest on the radular 

ribbon. The cusp is roundly acute, the tooth is stout and curves 

medially and posteriorly from its base. 

The marginal plates are well developed, el~ngated and curved 

in an anterior direction. The ~egree of curvature appears to differ to 

a greater or lesser extent between individuals. 

Genus Seplote~thi6 

In Plate 19, ~igure 1, the portion of the radular ribbon of 

Sepiot~ le&~onlana shown exhibits several similarities · to that of 

Lo~guncu!a b4ev~. The tricuspid rachidian tooth, elongated base of 

the bicuspid lateral tooth, base extension of the unicuspid inner 

.-
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marginal and medial direction of that ·cusp, and the slight anterior 

slant of the marginal plates are stro.ngly reminiscent of L. b1r.ev.U. 

Genus AUoteu:thU 

AUo;te.u.;thM, mecUa., as represented in Plate 19, F.igure 2, by 

a drawing from Naef (1923), presents a homodont condition similar to 

Lo~o vulg~, the Ro66~'s and Sepia's. 

Genus UJr.ot~ 

In Plate 20, Figure 1, is a representation of a single row 

of radular teeth of ~oteut~ b~chi from Adam (1954). Similar to 

other members of the Family Loliginidae with a heterodont condition of 

the rachidian and lateral teeth, it does not exhibit the extension of 

the lateral tooth base. However, the medial direction of the large 

cusps of the lateral teeth and unicuspid inner m~rginal teeth is present, 

as are the well developed marginal plates and stout, curved outer 

marginal teeth. 

Genus LoUoi.u.6 

LoUoi.u.6 inve6~ato~ (Plate 20, Figure 2) here shows a 

bicuspid lateral tooth base extension, sl.ightly la.rger than that of 

U. ba.lt..t6c.IU. The unicuspid inner ma.rginal teeth are much shorter than 

the long, sharply curved, acutely pointed, unicuspid outer marginal 

teeth. The rachidian tooth base appears to ·be more narrow than 

U. ba.lt..t6hi and other heterodont members of the Loliginidae. Marginal 

plates are also present. 

.......... 
·~ 
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Plate 19 

Family Loliginidae 

Teeth of right half of two rows from the radular 
ribbon of Seploteuthi6 t~~oniana F6russac, 1826. 
(Original magnification x20). (Drawing after 
Sasaki, 1929) 

Portion of radular ribbon of Attot~ media 
(Linn6, 1758) • (Drawing after Naef, 1923) 

, 
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Fig. 1. Se.p-i.o;te.u.th,U .f.e...o.6oi'Ua.ltct F~russac, 1826. 
(After Sasaki, 1929) 

Fig. 2. Ate.o.te.ut/Uo me.cU.a (Linn~, 1758) 
(After Naef, 1923) 

" 
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Plate 20 

Family Lol.iginidae 

Single row of radular teeth of U4ote~ b~chi 
Rehder~ 1945, (Or:lginal rnagni;fication x75). 
(Drawi.ng a;fter Adam~ 1954). 

Fig. 2. Single row of radular teeth of Lo!iotuh 
biveA.ti.ga.toJ!M Goodrich, 1896. (Original . 
~agnification x200). (Drawi.ng after Adam, 1954) 
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Fig. 1. UJLO:teu..t/U-6 ba.IL:t.6c.fU Rehder, 1945. 
(After Adam, 1954) 

Fig. 2. Lo.U.oR.u-6 -Lnvu:ti.ga;tol!M Goodrich, 1896. 
(After Adam, 1954) 
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Family Enoploteuthidae 

Genus EnoploteuthAA 

The genus Enoptoteut~ is represented in Plate 21 by 

E. tep~ (Figure 1) and E. anap~~ (Figure 2). A single row of 

teeth from the radular ribbon of E. lep~ (F.igure 1) shO\'IS the 

barely discernible heterodont condition of the rachidian tooth. All 

the other teeth are slender and very sharply unicuspidate. The inner 

and taller outer marginal teeth seem to be positioned differently from 

previously illustrated radular teeth in that the teeth appear to rise 

sharply and narrowly from a small base and curve medially. 

Enoptot~ anap~~ (~igure 2) exhibits a homodont 

condition in the illustrated si.ngle row of radular teeth. HO\'lever, the 

tooth cusps are not as acute as in E. leptu4a, the .teeth appear to arise 

from broader bases and are similar in cusp he.ight. Here .again, the 

inner and outer marginal teeth curve medially. 

Genus Ab!ta.U..a. 

In Plate 22, the photograph of A. veJLa.ny-i. shows the homodont 

condition of the radular teeth. The tooth cusps are el~ngate, slender, 

and sub-acute. The tooth bases are broader and appear to be more 

square in con~iguration than the representatives of the genus Enoptot~. 

As can be seen in the photograph, the tooth .bases are very close together 

on the radular ribbon and this crowded condition tends to obscure all 

but general details. It can be seen, hcmever, that the outer marginal 

teeth are sharply recurved distally. 
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Plate 21 

Family Enoploteuthidae 

Fig. 1. Single row of radular teeth of Enoptote~ 
leptuka (Leach, 1817). (Drawing after Roper, 
1964). 

Fig. 2. Single ro\'1 of radul ar teeth of Enopt.oteu;th,U, 
a.na.pl!.U Roper, 1964. (Drawing after Roper, 1966). 
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Fig. 1. Enop-f.ote.u.t/U-6 le.p.twz.a (Leach, 1817). 
(After Roper, 1964) 

Fig. 2. Enop.f.otelt.thL& 'u1ap.6-i6 Roper, 1964. 
(After ~oper, 1966) 
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Plate 22 

Family Enoploteuthidae 

Fig. 1. Photograph of portion of radular ribbon of 
Ab~a venanyl (RUppel!, 1844). 
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Fig • 1. AbJta.Ua. v eM.ny-i.. (RUppe 11 , 1844) • 
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Data on the si.ngle specimen of A. veJLa.ny-<. are presented 

below in Table 7. 

Table 7. Mantle length, sex, buccal and radular data for Ab~alia 
veJtany-i. of the Family Enoploteuthidae 

Radula Teeth 

Mantle Buccal Max. Min. No. of No. of 
Species Length Sex Mass Length Width Width Horiz. Longit. 

(mm) (mm) Diam, (mm) (mm) Ro\'ls RO\'IS 
(mm) 

A. veJr.a.nyi 36 M. . 4 .s 3.06 .57 .45 86 

The illustration of a portion of the radular ribbon of Ab~a.Ua 

mu..Uihama..ta. from Sasaki, (1929) also sho\'/S a homodont condition (Plate 

23, Figure 1). The rachidian tooth of A. muttlhama..ta. has a broadly 

triangular cusp and a rounded or oval base as do the lateral teeth. 

None of the teeth show the el~ngated cusps of A. ve~r.a.nyi, Enoplot~ 

leptuhe, and E. anap~~. The outer marginal teeth of A. multlhama..ta. 

are on~y slightly longer than the other teeth and with the homodont 

condition these seem to be the only similarities to A. ve~r.a.ny-<.. 

Genus Ab~allop~~ 

. Th~ genus Ab~allop~~ is represented in F.igures 2 and 3 of 

Plate 23. The homodont condition is present as in EnoploteutiUJ., and 

Ab~. In A. gilc.~il the bases of the rachidian and lateral teeth 

are more square and the elo.ngated outer marginals are somewhat reminiscent 
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Plate 23 

Family Enoploteuthidae 

Fig. 1. Two partial rows of teeth from the right half of 
oneradular ribbon of Ab4alla muttihamata Sasaki, 
1929. (x40). (Drawi.ng after Sasaki, 1929) 

Fig. 2. Single row of radular teeth of Ab~op¢~ 
g~c~ti (Robson, 1924). (Drawing after Voss, 
1967). 

Fig. 3. Two partial rows of teeth from the right half of 
the radular ribbon of AbJtaLi.op¢~ ltOy£.ei (Pfeffer, 
1884). (x200). (Drawing after Hoyle, 1904) 

Fig. 4. Partial rows of teeth from the left side of the 
radular ribbon of Pt~ygioteut~ giaJtdii Fischer, 
1896. (x180). (Drawing after Hoyle, 1904). 
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~~~ 
Fig. 1. Ab!ta.U.a mu.Utha.ma.ta. Sasaki~ 1929. 

(After Sasaki 1 1929) 

Fig. 2. AbJl.C!Li.op-6-W gUc.h/tM.tt (Robson
1 

1924). 
(After Voss~ 1967) 

Fig. 3. Ab1Lati.Op-6M ho~fl.U (Pfeffer 1 1884). 
(After Hoyle, 1904) 

Fig. 4. P.teJtyg-i.o:teu.:th.w g-i.cvz.dU Fischer, 1896. 
(After Hoyle, 1904) 
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of the representatives of the. genus Enoplo.teu.th<A (Plate 21) and 

AbJr.aLl.a. veJta.nyl. (Plate 22). Ablta.U.op.6-<A hoy.tu as illustrated in 

the dral\'ing from Hoyle (1904) exhibits the rounded "shoulder" 

condition of the rachidian tooth and the lateral tooth configuration 

~een in certain of the Ro.6.6.i.a. 1 s, so diffc.L;Jnt from A. gil.ch/r.).lJ.ti.. In 

A. hoylel. the outer ·marginals are quite slender and elongated. 

Genus PteJLygl.o.te.uthi...6 

Plate 23, Figure 4, represents a portion of the radular ribbon 

of P. gl.aftdil, with a somewhat oddly shaped rachidian tooth, not seen 

heretofore. One side of the rachidian tooth exhibits a small, variably 

shaped, lateral cusp (ectocone). Lateral extension of the lateral 

tooth base and saber~like el~ngation of the outer m~rginal teeth add 

to the outstanding differences between these radular teeth and those 

examined previously. 

Family Onychoteuthidae 

Genus Onychoteuthl.-6 

The Family Onychoteuthidae is represented by th~ genus 

Onycho.teu.thl..6, which is here demonstrated by 0. bank-6-i. (Plate 24, Plate 25; 

Figure 1). Data on the single specimen available are presented in Table 8. 

Plate 24 is a phot.ograph which, upon· first inspection looks very 

similar to R. ma~o.6oma. A homodont tooth condition, the rounded 

"shoulders" of both the rachidi an and lateral teeth and elongated, 

acutely cuspid outer marginal teeth enhance this similarity. Ho\\'ever, 

closer examination of the rachidian teeth shm\'s very small lateral cusps 
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(ectocones) on the "shoulders". The lateral teeth show a very 

slight thickening on the inner or medial shoulder which may suggest 

a cusp. 

Table 8. Mantl~ l~ngth, sex, buccal and radular data for Onychoteut~ 
bank6~ of the Family Onychoteuthidae. 

Radula Teeth 

Mantle Buccal Max. Min. No. of 
Species Length Sex Mass Length Width Width Horiz. 

(mm) Diam. (inrn) (mm) (rnm) Rows 
(rnrn) 

0. ba.nk6.i 70 M. 5.5 4.5 1.15 .75 45 

The illustration (Plate 25, F.igure 1) does not agree too closely 

with the phot.ograph. The tooth bases are too broad on the rachidian and 

lateral teeth and the outer marginal teeth do not show the curvature. I 

do not know what the dotted lines near the outer m~rginal tooth bases 

indicate, as marginal plates are not present in the specimen examined. 

· Genus AnwtJtoteutiUA 

The illustration of A. Uchten6tebu..i (Plate 25, F.igure 2) seems 

to show radular teeth with a heterodont condition. There would appear 

to be lateral cusps (ectocones) on the rachidian tooth and small lateral 

cusps on the lateral teeth • . The dotted lines by the outer m~rginal 

.teeth bases are puzzling. However, the inner and outer m~rginal teeth 

are el~ngated and acutely cuspidate, as with the other represented 

members . of the Family Enoploteuthidae. 

No. of 
Longit. 
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Plate 24 

Family Onychoteuthidae 

Fig. 1. Photograph of portion of radular ribbon of 
Onyehot~ bank6~ (Leach, 1817). 
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Fig. 1. Onychot~ bank6~ (Leach, 1817). 
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Plate 25 

Family Onychoteuthidae 

Fig. 1. Portion of radular ribbon of Onychote~ 
ba.nk.6U. (Leach, 1817) . (Dra\'ling after Naef, 
1923) . 

. ' 

Fig. 2. Portion of radular ribbon of An~tnot~ 
~ckten6teinii (d'Orbigny, 1839). (Drawing after 
Naef, 1923) 

Fig. 3. Portion of radular ribbon of Mo~ote~ 
lnnnb~gU. Ishikawa & Wakiya, 1914. (Original 
magnification x40). (Drawing after Sasaki, 1929) 

Fig. 4. Partial row of teeth from radular ribbon of 
Mo~ot~ ~ob~ta (Dall) (Verrill, 1876). 
(Original magnification x22). (Drawing after 
Verrill, 1880) 
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Fig. 1. Onyc.ho.te.LL.thio banh.oU (Leach, 1817). 
(After Naef, 1923) 

Fig. 2. 
(After Naef, 1923) 
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(d'Orbigny, 1839). 

Fig. 3. MoJto.te.u.:th.U .tonnbe.Jtg.U Ishikawa & Wakiya, 1914. 
(After Sasaki, 1929) 

Fig. 4. MoJto.te.~ JtoblL6-tct (Dall) (Verrill, 1876). 
(After Verrill, 1880) 
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Genus Mo~ot~ 

Two species of Mo~oteuthi4 are represented on Plate 25, 

Figures 3 and 4. Mo~oteuthl6 lennbeng~ exhibits a heterodont condition 

as depicted by Sasaki (1929). The lateral teeth display a prominent 

bicuspid condition and the inner and outer marginal teeth appear to 
' 

arise from somewhat broad bases. The cusps are shown to be subacute. 

Mo~oteut~ ~obU6t4, as depicted by Verrill (1880) shows 

heterodont radular teeth. However, the lateral cusps (ectocones) of 

the rachidian tooth are not prominent •. The lateral cusp of the lateral 

tooth appears to be very sl.ight. The · inner and outer m~rginal teeth 

are shown as broadly tri~ngular in con~iguration with the outer marginal 

tooth rather elongate and acutely cuspid. 

Family Gonatidae 

Genus Gona.tu..6 

Three members of this genus are illustrated in Plate 26, F.igures 

1 through 3. The differences between these three representatives are 

quite striking. Gona.tu.6 6ctbJr...ic.U. (Figure 1) is exceptional in that it 

has only five longitudinal rows of teeth on the radular ribbon. The 

rachidian tooth is tricuspid, whereas all other teeth are unicuspidate. 

Rachidian and lateral teeth are of approximately the same height. 

The second gonatid G. mag~t~ (~igure 2), also shows the broad 

bases of the radular teeth. The rachidian tooth exhibiting a peculiar 

condition in that it has a single, irregularly-shaped ectocone, similar 
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Plate 26 

Family Gonatidae 

Portion of radular ribbon of Go~ 6abticii 
(Lichtenstein, 1818). (Drawing after Kondakov 
(1941), as reproduced in Akimushkin, 1963). 

Portion of radular ribbon of Gona.tt.u, ma.g.L6.teJL 
Berry, 1913. (Drawing after Kondakov (1941), as 
reproduced in Akirnushkin, 1963). 

Fig. 3. Two rows of radular teeth of Gon~ a.nonych~ 
Pearcy & Voss, 1963. (Dra\'ling after Pearcy & 
Voss, 1963) 
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Fig. 1. Gona .. tu.& 6ab!Uc..U (Lichtenstein, 1818). 
((After Kondakov, 1941) from Akimushkin, 1963) 

Fig. 2. Gona...tu.6 mctg..iA.:teJL Berry, 1913. 
((After Kondakov, 1941) from Aldmushkin, 1963) 

Fig. 3. Gona:b.u, anonyc.htL6 Pearcy & Voss, 1963. 
(After Pearcy & Voss, 1963) 
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to that of Pt.eJLyg.i.ot.e.u.tli-u. g.i.cvtdU. (Plate 23, F.igure 4), Also to 

be .noted is the observation that the outer m<l:rginal teeth are stout 

and roundly unicuspidate, 

Gona.tu.6 anonyc.hu.6 CF.igure 3), the third species of the Family 

Gonatidae here considered, appears to be heterodont. The bases of the 

rachidian and lateral teeth are broad, The rachidian mesocone is 

prominent and acutely cuspid, while ectocones of the rachidian teeth are 

slight but still apparent, .The bicuspid lateral teeth are shO\m to bear 

a very rounded prominent inner lateral cusp and a smaller, somewhat 

variable, outer lateral cusp. The ma.rginal teeth are broad based but 

more slender and subacute than are those of G. 6ahtic..i..i. or G. mag.i.hteJL. 

They appear to be similar in length to those of G. mag.UteJL. 

Family Pholidoteuthidae 

Genus Phol.i.doteut~ 

The genus PhoUdoteu.;tiU.6 is represented here by an illustration 

from Voss (1956) of P. adami. The tricuspid condition of the lB:rge 

rachidian tooth and bicuspid condition of the small lateral teeth are 

apparent . The rachidian mesocone is tall and acute while the ectocones 

are directed more laterally and are shortened. The lateral teeth are 

not as broadly based as is the rachidian. The dominant cusp of the 

lateral teeth is comparatively short, with the la~eral surface of the 

cusp sloping. gradually laterad and downward \'lith only a small rise 

formi.ng the additional cusp, The inner and outer m<l:rginal teeth are 

directed medially and the outer m<l:rginal teeth appear to be as tall 

as the rachidian, (Plate 27, F.igure 1). 
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Plate 27 

Family Pholidoteuthidae 

Fig. 1. Single row of radular teeth of Photldoteuthl6 
adronl Voss, 1956. (Drawing after Voss, 1956) 
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Fig. 1. PhoUdo.teu.tft-i6 adam[ Voss, 1956. 
(After Voss, 1956) 
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Family Architeuthidae 

Genus M.c.hUeut.h-<4 
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Several representatives of this genus are here depicted in 

Plates 28, 29 and 30. The r~dular teeth of A. hanveyi, sho\m in Plate 

28, Figures 1 and 2, from Verrill (1881) display a heterodont condition. 

The rachidian teeth are tricuspid and possess broad bases. The lateral 

teeth are bicuspid but the inner m~rginal tooth of the specimen 

illustrated in ·Figure 1 is elongate and bluntly unicuspid, whereas the 

inner marginal teeth in Figures 2a and 2b are bicuspid and relatively 

short by comparison. The outer m~rgin~l tooth in F.igure 1 is broadly 

triangular in shape, el~ngate, and the cusp is more blunt than the 

broadly triangular, and relatively shorter outer ma.rginal teeth in 

Figures 2a and 2b. In addition the outer m~rginal teeth in F.igures 2a 

and 2b are acutely unicuspid. The difference in height between the teeth 

of Figure 1 is quite apparent. In ~igures 2a and 2b, the difference in 

height between the teeth is not as. great as that seen in F.igure 1, and 

the cusp h~ights of the tricuspid rachidian teeth are approximately the 

same. It should be noted here that the teeth in Figure 2a were from a 

location more anterior on the radular ribbon than the teeth in Figure 2b; . . . . 

which differ not only in their location but also in that they possess 

more acute cusps. 

In F.igure 3 (Plate 28) is presented a portion of a radular ribbon 

of an unidentified species of .th~ genus A4c.hlteuthl6. It can be readily 

seen that the heterodont condition is again present. Here, as in Figures 

1 and 2, the teeth appear to be similarly broad in their general shape 
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and bluntly cuspidate, The ectocones of the rachidian teeth seen in 

Figure 3 are shorter than the mesocones and appear to extend laterally 
' ' 

and posteriorly. Those in Figures 1 and 2 appear to extend not laterad 

but only posteriad, The cusps of the bicuspid lateral teeth (~igure 3), 

particularly those to the left of the rachidian teeth, vary in h~ight and 

·the distance between tl1e cusps is relatively greater than is the situation 

seen in Figures 1 and 2. However, the lateral teeth in ~igure 3 to the 

right of th~ rachidian teeth show~ greater.~egree of variation in the 

lateral inclination of the smaller cusps. Both the inner and outer 

m~rginal teeth are broadly tri~ngular in shape and vary in their individual 

degree of curvature. 

In Plate 29, F.igures 1 and 2 are illustrations of the heterodont 

radular teeth of two more unidentified members of the genus A4ehlt~. 

_Again the heterodont condition is seen in these ~igures as well as those 

in Plate 28. The tricuspid rachidian tooth in Figure 1 displays laterally 

oriented ectocones of approximately equal height, arising from a rather 

broad base, The cusps of the bicuspid lateral tooth are bluntly rounde.d, 

close together and project posteriad from a broad base. The inner and 

outer marginal teeth exhibit broad bases but it can be seen from Figure 

lb that the recurved nature of an inner m~rginal tooth (=second lateral 

tooth) and the tooth base are considerably smaller than the configuration 

exhibited in Figure 1a. 

The rachidian teeth of F.igure 2a and 2b are similar to those 

'd db d b sed However. in seen in Figure 1. They are tricuspl an roa a · • 
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Figure 2a, the rachidian tooth (from a more posterior location on 

the radular ribbon) exhibits diffe1·ences in cusp h~ight in that the 

ectocones are shorter than the mesocone, while the relative distance 

between the three cusps appears to be the same as that seen in ~igure 

2b. The bicuspid lateral tooth in F.igure 2a exhibits a more pronounced 

curvatur.e than that in F.igure 2b. Moreover, the lateral tooth 

illustrated from the more anterior location CF.igure 2a) demonstrates 

a more pronounced curvature in the two cusps than is the condition seen 

in a correspondi.ng tooth from a more posteriad position (F.igure 2b) . 

The inner and outer marginal teeth in Figure 2a exhibit a medially directed .. .• 

curvature in addition to an acute unicuspid condition, while only the 

inner m~rginal tooth in ~igure 2b is curved similarly. 

In Plate 30 (~igures 1 thr~ugh 3) are presented the radular teeth 

of three more species of M.c.hUeutiUA, namely, A. phy.6e.te1t-i.A, A • ..e.o.ng.ima.t'UL6 

and A. ~kel. These exhibit similarities and differences when compared 

with each other and with those on Plates 28 and 29. The rachidian teeth 

are tricuspid and broad based. In Plate 30, the ectocones of the 

rachidian teeth are appreciably shorter than the mesocones. The bicuspid 

lateral ·teeth in Figure 2 are more blunted than those .in F.igure 1 and 

Figure 3a, This is also the situation with ~egard to the rachidian tooth 

(F:i.gure 2) . The inner and outer m~rginal teeth exhibit some ~egree of 

curvature, medially (F.igure 2) or laterally CF.igure 1 and Figure 3a and 3b) • 

The inner m~rginal tooth (=sec;ond lateral tooth) is shO\'ill in Figure 3b to 

be sharply recurved, \V"hich is not shown in any of the other illustrated 

architeuthid radular teeth. 
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Plate 28 

Family Architeuthidae 

Partial ro\~ of radular teeth of AJc.c.hl:te.uthM 
~v~y~ Verrill, 1875. (Drawing after Verrill, 
1880). . 

Fig. 2. a. Isolated teeth from anterior portion of 
radular ribbon of Logy (Logie) Bay specimen 
of A4c.hiteut~ ~v~y~_Verrill, 1875 of 
1873. (x18) . 

b. Isolated teeth from .more posterior portion 
of radular ribbon of Logy (Logie) Bay 
specimen of ~chit~ ~vey~ Verrill, 
·1875 of 1873. (x18). 

(Both a and b after Verrill, 1881) 

Fig. 3. Portion of radular ribbon of Dildo, Trinity Bay, 
Newfoundland specimen of AJc.c.hiteut~ sp. of 
1933. (Drawi.ng after Frost, 1934) 
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Fig. 1. A4~/tit~uU~Lo ha4vey~ Verrill, 1875. 
(After Verrill, 1880) 

a. 

b. 

Fig. 2. Alr.c.IU:teu..:th.i..& hMvey~ Verrill, 1875. 
(After Verrill, 1881) 

Fig. 3. A4~hUeu:t:.h-iA sp. - Dildo, Nc,,•foundland 
(After Frost, 1934) 
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Plate 29 

Family Architeuthidae 

Radular teeth of Harbour Main, Conception Bay, 
Newfoundland specimen of 1935 of A4ehiteut~ 
sp. 

b. Lateral view of second lateral tooth of Harbour 
Main, Conception Bay, Newfoundland, specimen 

· of 1935 of AJtc.h.Ue~ sp. 
. . 

(Both a and b after Frost, 1935) · 

Fig. 2. a. Single row of teeth from the posterior portion 
of the radular ribbon of Altekit~ sp. from 
the Bay of Tateyama, Awa Province, Japan, 1895. 

b. Single row of teeth from anterior portion of 
the radular ribbon near the mouth of Mekiteu:thl.6 
sp. from the Bay of Tateyama, Awa Province, Japan, 
1895. 

(Both a and b from Mitsukuri & Ikeda, 1895) · 
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a. b.~ 
Fig. 1 . AJLc./U:te.tl..tfti-6 sp. - Harbour Main, Newfoundland. 

(After Frost, 1935) 

b. 

Fig • 2 . AJc.c.l!Lte.t.t:th.W sp . (nov. sp . ) 
(After Mitsukuri & Ikeda, 1895) 
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Plate 30 

Family Architeuthidae 

Fig. 1. Teeth of left half of a single r0\'1 from the radular 
ribbon of ~chiteu~ phy~et~ Joubin, 1899. 
(Dra\'ling after Voss, 1956) 

Fig. 2. Single row of radular teeth of ~chit~~ 
long~~ Kirk, 1888. (Drawing after Kirk, 1888) 

. Fig. 3. a. Teeth of left half of ~ sing;e row fr<?rn the 
radular ribbon of ~chiteut~ ~k~ 
Robson. 1933. 

b. Lateral view of second lateral tooth of 
~chit~ ~kel Robson. 1933. 

(Both a and b after Robson. 1933) 
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Fig. 1. Alz.c.hU:e.uth,iJJ phy.6 e:teJt-iA J oubin, 1899. 
(After Voss, 1956) 

Fig. 2. AILc./Uteu.:t/UJ., .tong,imaJ1U.6 Kirk, 1888. 
(After Kirk, 1888) 

Fig. 3. AILc.h.Lteu.th.-iA c..e.cvdzu Robson, 1933. 
· (After Robson, 1933) 
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Ma:rginal plates are not seen in all the ~igures present~d. 

Those m~rginal plates indicated in Plate 28, ·F.igure 2a and 2b differ 

although they are from the same radular ribbon. The same condition is 

seen on Plate 29, ~igure 2a and 2b. 

Also available to this study were five specimens of Architeuthids 

resulting from the studies of the Family by Dr. F. A. Aldrich. These 

were identified as M.c.hU;eu;th,U, dux Steenstrup, 1857 (Aldrich, 1968; 

Aldrich and Aldrich, 1968). 

Only two complete radular ribbons wer~ available from these . 

specimens and they are described in Table 9. Measurements of the three 

incomplete radular ribbons were taken on the portions that were available. 

Although these specimens were identified as A. du.x, as noted above, it 

was found that the radular teeth differed between radular specimens and 

appeared to be of five different types (Plate 57). The specimens are 

identified by their place of strandi.ng or landi.ng. 

Table 9. Mantle length and radular data for M.c.hit~ sp. from 
Newfoundland. 

Specimen Mantle Radular Max. Min. No. of 
Location No. Length Length Width Width Horiz. 

(em) (nun) (nun) (nun) RO\'t'S 

Lance Cove 1 126.5 59* 11 5.0 94 
Sweet Bay . 2 142.2 56* 11 4.5 96 
Wild Cove 3 106.7 46 13 4.3 89 
Chapel Arm 4 126.4 43 15 5.5 83 
Springdale 5 161.0 . 34 13 5.3 54 

*Complete radular ribbons 

No. of 
Longit. 

Rows 
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All five of the Architeuthids have in common seven longitudinal 

ro'"s of radular teeth, including tricuspid rachidian teeth and 

bicuspid lateral teeth. Ho\"ever, the specimen from Wild Cove (Plate 

57, C) is unique in that it possesses bicuspid inner marginal teeth. 

Similarly, the specimen from Springdale (Plate 57, E) is characterized 

by a mediad directed, prominent basal extension on the bases of the 

inner marginal teeth. This specimen is also unique in that its inner 

marginal tooth is not inclined to\"ard the midline of the radular ribbon, 

that is, its cusps are directed to the outer margin or at least are 

directed posteriorly. 

Beyond this, it may be observed that the rachidians differ in 

certain features in these five specimens. The ectocones of the 

rachidians are "thorn-like" in two specimens, namely, those from S\"eet 

Bay (Plate 57, D) and Springdale (Plate 57, E). In Plate 57, C, and E, 

can be seen the rounded cusps of the ectocones of the rachidian teeth 

of .the specimens from Wild Cove and Spri~gdale, respectively. The 

specimen from Springdale differs in that the bases of the rachidian 

are short and broad (Plate 57, E), while the specimens from Lance Cove, 

Chapel .Arrn and Wild Cove share the characteristic of a broad, but taller 

base (Plate 57, A, B, C). The ectocones and mesocones of A and B (Lance 

Cove and Chapel Arm) arise from a portion of the rachidian tooth which 

is elevated above the upper limit of the base. 

The width of the rachidian teeth of the radulae of the five 

specimens of Architeuthid was measured and the data gained are presented 

in Table 10. In the presentation of this data, the figures are listed 
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in such a way that the first horizontal ro\\' at the front or 

anterionnost portion of the radular ribbon is designated as Row #1. 

This was done because the posterionnost portions of the radular ribbons 

\\'ere missing in three of the five specimens. Some teeth, as indicated, 

were missing. In other instances, some of the rachidian teeth were so 

poorly oriented that accurate measurements could not be taken and 

these instances are also noted in the Table. 

Table 10. Width (in millimetres) of rachidian teeth of specimens of 
~chit~ from Newfoundland. 

SPECIMEN 

Anterionnost 
Row 

Lance Cove Sweet Bay Wild Cove Chapel Arm Springdale 

(Row 1) -* -** -* -** .660 
-'* -** .429 -** .693 

.495 -** .462 -** .693 
-* -** .462 -** .759 

.495 -* .462 -** -** 

.495 -** .462 -** .759 

.495 -** .462 -** .759 

.495 -** .495 -** .759 

.495 -** .528 -** -** 

.495 -** .528 .462 -** 

.528 -** .528 .429 -*'* 

.528 -** .495 .462 .726** 

.495 -** .561 .429 .759** 

.594 -** -* .396** .792** 

.594 .495 .561 .396** .825 

.627 .495 .561 .396** .825 

.627 .495 .627 .429 .825 

.627 .495 .627 .429 .825 

.627 .495 .627 .429 .891 

.627 .495 .627 .429 .891 

.627 .495 .627 .396** .891 

.627 .495 .627 ·.429 .891 

.627 .495 -* .462 .957 

.627 .495 -* .462 .957 

.627 .495 -* .495** .990 
.495** .990 

-*· . .495 -* 

(Row 10) 

(Row 20) 

.,__ 
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Table 10 (continued) 

SPECIMEN 

Anteriormost 
Row 

Lance Cove Sweet Bay Wild Cove Chapel Arm Springdale 

.627 .528 .660 .495** .990 

.627 .528 .693 .495** 1.023 

.660 .528 .693 .495** 1.023 
(Row 30) .660 .528 .693 .495** 1.023 

.660 -* .660 .528 1.023 

.693 .528 .693 .528 1.056 

.693 .528 .693 .528 1.056 

.693 .528 .726 .528 1.089 

.726 .561 .726 .595 1.089 

.726 .561 .726 .627 1.089 

.726 .594 .759 .627 1.089 

.726 .594 .759 .627 1.089 

.726 .627 .792 .627 1.122 
(Row 40) .726 .627 .825 .627 1.122 

.726 .627 .825 .660 1.122 

.759 .627 .825 .660 1.122 

.759 .627 .825 .660 1.155 

.792 .660 .858 .660 1.188 

.792 .660 .858 .660 1.221 

.792 .660 .891 .660 -* 

.792 .660 .891 .660 -* 

.792 .660 .891 .660 -* 
-* .660 .957 .693 -* 

(Row SO) -* .693 .957 .693 -* 
.858 .693 .957 .693 -* 
.858 .693 .457 .693 -* 
.858 .693 .957 .726 -* 
.858 . .726 .957 .726 -* 
.858 .726 .957 .726 
.858 .726 .957 .759 
.891 .726 .990 .759 
.924 .726 .990 .759 
.924 .759 .990 .759 

(Row 60) .924 .759 1.023 .759 
.924 .759 1.056 . 792 
.924 .759 1.056 ;792 
.957 .759 1.089 .792 
.957 . 759 1.089 .792 

t .990 .759 1.089 .759 
.990 .759 1.089 .759 ! : 

.792 .I 

.990 .759 1.089 

.990 • 759 1.089 .792 

1.023 • 759 . 1.122 .792 
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Table 10 (continued) 

SPECIMEN 

Anteriormost Lance Cove Sweet Bay Wild Cove Chapel Arm Springdale RO\ot 

(Ro\ot 70) .990 .759 1.122 .759 
.990 .759 1.122 .759 

1.056 .759 1.122 -* 
1.056 .759 1.122 -* 
1.056 .759 1.122 -* 
1.056 .759 1.122 -* 
1.056 .759 1.122 -* 
1.056 .759' 1.155 -* 
1.056 .759 1.188 -* 
1.089 .759 1.221 -* 

(RO\ot 80) 1.089 .759 1.221 -* 
1.089 . 759 1.254 -* 
1.089 .759 1.254 -* 
1.089 .726 1.254 -* 
1.023 .660 1.254 

.957 .660 1.254 

.957 .726 1.254 

.957 .660 1.254 

.825 .561 -* 
:[: .825 .528 -* 1: lr (Row 90) .759 . 561 ' -l .759 .363 l 
l .726 .495 [: 
1 .660 .363 j: 

-** .363 t 
1 

.330 .i 
:r .330 I 
·I. 
I 
·i 

" 
t. 
! 

* = Missing or broken 

** = Bent or tilted 
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Family Histioteuthidae 

Genus H.i6.tioteu.th-L6 

Two genera from this family are represented in Plates 31, 32 

and 33. Both genera display the homodont condition with the single 

exception of the histioteuthid, Ca.U..Ueu.:th-<..6 (=S.tigtna.to.teu.thi.6) sp. 

(Plate. 33, Figure 1). The members of the genus H.i6.tioteu.thi6 possess 

marginal plates as indicated in Plate 31, Figures 1 and 2. H.i&.tioteut~ 

eolten6ll as figured by Verrill (1880) appears to have a peculiarly 

shaped marginal plate \'lhich looks somewhat like a small, square, 

unicuspid tooth. The radular teeth ~f this species are bluntly 

unicuspidate with the outer marginal tooth recurved laterally. The 

radular teeth of H. bonetti (Plate 31, Figure 2) are more acutely 

cusped and Naef' s (1923) dra\'ling merely suggests the configuration of 

the marginal plates. 

The radular teeth of the illustrated species of the genus 

Catti.t~ are uniformly broad based. The outer marginal teeth are 

elongate and recurved, and marginal plates are apparently absent. 

Cattit~ elongata (Plate 32, Figure 2) shows outer marginal teeth 

recurved to a lesser degree than those of the other species of this 

genus. With the-exception of C. Jz.eveiL6a., the bases of the lateral 

and inner marginal teeth exhibit laterally elongated bases reminiscent 

of some members of the genus Ro~~~. The rachidian teeth show a great 

deal of variation in shape, .ranging from a rounded shoulder in 

C. Jz.ev~a. (Plate 32, Figure 2) to pronounced ectocones seen in Plate 

33, Figure 1. The prominent cusps of the rachidian teeth of the various 

represented calli teuthids are uniformly triat~gular in shape· 

': ,... 
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Plate .31 

Family Histioteuthidae 

Fig. 1. Isolated teeth from right side of radular 
ribbon of H~tlot~ ~O!tin6li (Verrill, 1879). 
(Placed in synonomy ldth H. bonel.U (F6russac, 
1835), by Clarke, 1966). (Drawing after Verrill, 
1880). 

Fig. 2. Two rows of radular teeth of H.i&.ti.o.teu:thi-6 bonel.U 
(F~russac, 1835). (Drawing after Naef, 1923). 

Fig. 3. Portion of radular ribbon of Cattlteu:thi-6 dV6leini 
(Pfeffer, 1912) • (x40) . (Dra\oJing after Sasaki, 
1929)' 
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Fig. 1. H.U:tio:t.eu:tiU-6 c.otuJuLi. (Verrill 1879) 
(=H. bone~ (Ferussac, 1835)) .' 
(After Verrill, 1880) 
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Fig. 2. H.U:tlo:teu:th.U · bo1te.tU (Ferussac, 1835) . 
(After Naef, 1923) 

Fig. 3. Ca!..ute.u:tl~ dofil.ebu (Pfeffer, 1912). 
(After Sasaki, 1929) 
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Plate 32 

Family Histioteuthidae 

Fig. 1. Teeth of right half of a single row from the 
radular ribbon of Cattlt~ ~[V~d Verrill, 
1880. (Drawi.ng after Voss & Voss, 1962) 

Fig. 2. Teeth of right half of a single row from the 
radular ribbon of CaltiteuthAA elongata Voss & 
Voss, 1962. (Drawing after Voss & Voss, 1962) 

Fig. 3. Teeth of right half of a single r0\'1 from the 
radular ribbon of Caltit[~ co~ona Voss & 
Voss .. 1962. (Dra\'ling after Voss & Voss, 1962) 
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Fig. 1. Call.-i.:telL:tiU-6 ILeveJUJa Verrill, 1880. 
(After Voss & Voss, 1962) 

Fig. 2. Co..tUJ:eu.:t!UA ei.onga..ta Voss & Voss, 1962. 
(After Voss & Voss, 1962) 

Fig. 3. Ca.tWeu.:thM c.oll.orta. Voss & Voss, 1962. 
(After Voss & Voss, 1962) 

. : 
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Plate 33 

Family Histioteuthidae 

Single row of radular teeth of Cattiteuth£6 
(=Stigmatot~) sp. (Following Clarke, 1966). 
(Original magnification x250)·. ·(Drawing after 
Adam, 19s4Y · 

Single row of radular teeth of Caltit~ 
( ='Mel.ea.gJr.oteuthU) hoytu Pfeffer, 1908. 
(Following Clarke, 1966). (Drawing after Adam, 
1954) . . 
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Fig. 1. Ca.tU:te.u:t#UJ, ( ·S~qma.to.teu.,th,U) sp. 
(After Adam, 1954) 

Fig. 2. Ca.U.U:.e.u.th-U ( r~Mel.ea.gJto.te.u.thM) hoy.e.u 
Pfeffer, 1908. (After Adam, 19:;4·) 



Family Bathyteuthidae 

Genus BCLthy.tet!.tiU.l> 
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The two members of this genus illustrated here (Plate 34, 

Figures 1 and 2) exhibit a homodont condition, acute cusps, broad 

bases, marginal plates and recurved outer marginal teeth. 

The radular teeth of B. ba~dt6~ (Plate 34, Figure 1) have 

large, plate-like bases from which the relatively short cusps arise. 

The rachidian tooth base seen in this illustration is broadly triangular 

while the lateral and inner marginal teeth shmV" broad lateral extensions 

of their bases. The lateral and inner marginal teeth curve medially and 

posteriorly, whereas the height of the lateral teeth appears to 

approximate that of the rachidian tooth, the inner marginal teeth are 

taller than these, with the outer marginal teeth elongated and recurved. 

Marginal plates are shown to be large and well developed. 

BCLthy.teuthi4 b~y~ (Plate 34, Figure 2) possesses teeth that 

are taller and more acutely tria.ngular. The lateral and inner marginal 

teeth are taller than the rachidian tooth recurved in a lateral direction 

and S~O\V' slender lateral extensions of their bases. The outer marginal 

teeth are more sharply recurvcd than those in B. bacidl6ena. The 

marginal plates do not app.ear to be as large or as well developed as in 

B. bacicU6 eJUt. 

The photograph (Figure 3) shows a portion of the radular ribbon 

of Bathy.teu.t~ sp. \~ile the rachidian tooth strongly resembles that 

of B. b~y~ (Figure 2) the outer marginal teeth are not as sharply 

recurved, the marginal plates are larger and better developed, and the 
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Plate 34 

Family Bathyteuthidae 

Fig. 1. Si.n~l~ row of radular teeth of Ba.thy.teu.t.hi6 
ba~dl6~ Roper, 1968. (Drawing after Roper, 
1968). . 

~ig. 2. Single row of radular teeth of Ba.thy.t~ 
b~y~ Roper, 1968. (Drawing after Roper, 
1968). . 

Fig. 3. Photograph of portion of the radular ribbon of 
Ba.thy.te.u..t.IU..6 sp • . 
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Fig. l. Ba;thyt~ ba.cicLi.6eJr.a. Roper, 1968. 
(After Roper, 1968). 

Fig. 2. Ba;thyt~ bcwr.y.i Roper, 1968. 
(After Roper, 1968). 

Fig. 3. Ba.thyteu;tfU-6 sp · 

' ' 
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inner marginal teeth are not as slenderly acute. In all,a total of 

t\olo specimens of the unidentified Ba:thy.te.u:tiUA were available. 

Infonnation on these is presented in Table 11. 

Table 11. Mantle length, sex, buccal and radular data for Ba:thy.te.~ 
sp. of the Family Bathyteuthidae. 

Radula Teeth 

Mantle Buccal Max. Min. No. of 
Species Length Sex Mass Length Width \~idth Horiz. 

(mm) Diam. (rnm) (mrn) (mm) RO\'is 
(mm) 

Bo.;thy.t~ 
sp. 29 F 3.5 3.0 .67 .45 51 

Ba:thy.te.u:t/U6 
sp. 33 M 3.0 3.2 .55 .42 . 47 

Family Batoteuthidae 

The representative of this genus, Ba.t.o.te.u:t.IUA .&kotop6, (Plate 35, 

Figure 1), is shown by a portion of a ro\'1 of radular teeth that are 

homodont, with large rachidian. and outer margin'al teeth and comparatively 

small lateral and inner m~r~inal teeth. The rachidian tooth shows a 

cusp-like projection on one side of the mesocone. No marginal plates 

are indicated in the drawing from Young and Roper (1968). 

Family Brachioteuthidae 

Genus BJr.a.c.IUo.teu..thU 

In Plate 35, Figure 2, B. be.anii is represented as having a 

heterodont condition, broad based teeth and sharply recurved outer 

No. of 
Longit. 

Rows 

7 

7 

0 

~~ 
' i. 
i: 
,jj 

·~ 
ft 

·~ 
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Plate 35 

Family Batoteuthidae 

F.ig. 1. Teeth of left half of a single row from the radular 
ribbon of Batoteuthi4 4kolo~ Young & Roper, 1968. 
(Drawi.ng after Yot.mg & Roper, 19(i8) 

Family Brachioteuthidae 

Fig. 2. Portion of radular ribbon of ~achioteu~ beanil 
Verrill, 1881. (Original magnification x22). 
(Drawing after Verrill, 1881) 

J 
J 
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Fig. 1. Batoteuthl6 ~kolop~ Young & Roper, 1968. 
(After Young & Roper, 1968) 

Fig. 2. 8Jtac.luote.utfU6 bea.1t.U Verrill, 1881. 
(After Verrill, 1881) 

' : . 
i 
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marginal teeth. The bases of the bicuspid lateral and unicuspid 

inner marginal teeth seem to suggest lateral base extension. The 

rachidian teeth are tricuspidate with ectocones that are laterally 

directed and shorter than the mesocone. No marginal plates are present. 

Family Ornmastrephidae 

The family Omrnastrephidae is illustrated by representatives of 

five genera, to be found in Plates 36 through 40 and Plate 41 (Figure2). 

Genus 1Uex. 

The three members of th~ genus lltex are here classified as 

subspecies of 1Uex lil.ec.eblto~u.& (follO\<~ing Aldrich and Lu, 1968b) and 

are illustrated in Plates 36 and 37, based on earlier sources. 

The teeth of this genus are heterodont, broad based, and tall . 

The rachidian teeth are tricuspid with shorter lateral ectocones. The 

lateral teeth are bicuspid while the inner .and outer marginal teeth 

are elongate and recurved. Well developed marginal plates are not 

present in the drawings here reproduced, however, one radular ribbon 

of r. lil.ec.eb~o~u.& c.oindetii exhibited well developed marginal plates 

on both sides of the ribbon for its entire length. This finding was 

at variance with the other radular ribbons of 1. L c.obtdWi. Upon 

re-examination of the specimens, it was found that one specimen was 

not a member of the genus lltex, but belonged to the genus TodaJLop.6L6 • 

The similarity between the specimens can be discerned by close examination 

for the small differences, e.g., tentacle sucker size, etc. 
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Plate 36 

Family Ommastrephidae 

Fig. 1. Portion of left side of radular ribbon of 
Illex ~eee~o~~ iltecebfto~u& (Lesueur, 1821). 
(Drawing after Verrill, 1882) 

Fig. 2. Single row of radular teeth of I!tex ilfecebfto~u& 
illecebfta~U& (Lesueur, 1821)." (Designated as 
Form C, from Newfoundland, by Zuev, 1966). 
(Drawing after Zuev, 1966). 

Fig. 3. a. Single row of radular teeth of I!tex 
~ecehfto~~ it!ecehfto~u& as represented by 
Newfoundland specimens in the collections of 
Memorial University of Newfoundland. 

b. Single ro\o~ of radular teeth of 1£!ex Wec.ebJLo~u& 
illecebftO~~ , Form C (Newfoundland), as 
reproduced from Zuev (1966). 

(Both a and b after Aldrich & Lu, 1968b) 

' 
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Fig. 1. Itlex ~eceb~o~~ itteceb~o~tM 
(Lesueur, 1821). (After Verrill, 1882) 

Fig. 2. 1.Uex. ill.ecebttolltt-6 lUecebJtM~ 
(Lesueur, 1821) (rorm C from Newfoundland). 
(After Zuev, 1966) 

a. ~dt1~b!)~ 
b.lK!l!~J 

Fig. 3. 1.Uex ~eceb~o.o~ illecebJtMLM 
(Lesueur, 1821) 

a. As represented in Newfoundland collections 
at Memorial Univcrsit)'. 

b. Fo1·m C (Ne\'lfoundland) - Reproduced from 
Zuev, 1966. 

(After Aldrich & Lu, l968b) 

; i 

·' 
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Plate 37 

Family Ommastrephidae 

~ig. 1. Two rows of radular teeth of Ittex il!eceb~o4~ 
eoindetii (Verany, 1837). (Drawing after Naef, 
1923). . 

Fig. 2. Photograph of portion of radular ribbon of 1tlex 
il!ece~o4~ il!eceb~o4U6 (Lesueur, 1821). 

Fig. 3. Photograph of portion of radular ribbon of 1ltex 
il!eee~o4u4 eo~detii (Verany, 1837). 

Fig. 4. Photograph of portion of radular ribbon of 1ltex 
~eeeb~o4U6 aAgentinu4 de Castellanos, 1960. 
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Fig. 1. 1Uex ..i.U.ec.eblt.0.6U6 c.oi.ndetU (Verany, 1837) 
(After Naef, 1923) 

Fig. 2. IUex ..i.U.ec.eb~o.6U6 i.llec.eb~o.6U.6 (Lesueur, 1821) 

Fig. 3. Illex ..i.U.ec.eb~o.6U.6 c.oi.ndetii (Verany, 1837) 

Fig. 4. Illex i.Uec.eb~o.6U.6 ~entinU-6 de Castellanos, 1960 
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Data on the total number of specimens of the genus I.Uex are 

presented in Table 12 (Iteex itleceb~o~a& ~ecebno~u6), Table 13 

(!. L co.indeUi) and Table 14 (I. L Mge•W.na&). 

Table 12. Mantle length, sex, buccal and radular data for Iteex 
.tltecebno~~ .iteecebno~u&. 

Radula 

Specimen Mantle Buccal Max. Min. 
Number Length Sex Mass Length Width Width 

(mm) Diam. (mm) (mm) (mm) 
(mm). 

4* 236 F 15.5 10.3 3.1 1.2 
8 231 F 14.5 9.9 3.0 1.4 
3 227 F 14.0 9.1 3.1 1.3 
5 227 F 14.5 9.2 3.1 1.4 
9 214 F 13.0 8.6 3.0 1.0 
1 211 F u.s 9.0 . 3.0 1.2 

10 210 F 12.5 9.4 2.8 L2 
2 207 F 11.5 8.8 2.8 1.2 
6 203 F 13.0 8.5 3.0 1.3 
7 192 F 10.5 8.2 2.8 1.0 

14 230 M 14.5 10.2 2.8 1.2 
12 220 M 11.5 8.7 2.9 1.3 
13 218 M 12.5 9.3 2.9 1.5 
18 218 M 14.5 9.8 3.0 1.5 
16 213 M 13.5 8.8 3.0 1.4 
19 207 M 13.0 9.0 3.0 1.5 

15 199 M 12.5 8.3 2.5 1.4 

1i 198 M 11.0 8.3 2.6 1.3 

20 198 M 11.5 8.5 2.8 1.2 

17 161 M 9.5 6.5 2.5 1.0 

Teeth 

No. of No. of 
Horiz. Longit. 

Rows Rows 

52 7 
45 7 
46 7 
47 7 
49 7 
46 7 
44 7 
45 7 
43 7 
44 7 
48 7 
43 7 
46 7 
44 7 
44 ' 1 
46 7 
43 7 
45 7 
45 · 7 
41 7 

*Arranged in order of decr~asing mantle length and grouped according to sex. 

.. 
! !' 
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Table 13. Mantle length, sex, buccal and radular data for !l!ex 
itfece~o~~ coindetii. 

Radula Teeth 

Specimen Mantle Buccal Max. Min. No. of No. of 
Number Length Sex Mass Length Width lYidth Horiz . Longit. 

(mm) Diam. · (mm) (rnrn) (nun) Ro\"s Rows 
(mm) 

21* 160 F 12.0 9.0 2.S l.S 47 7 
6 123 F 12.0 7.S 2.3 1.1 so 7 
8 103 F 9.0 6.3 2.0 1.0 4S 7 

20 90 F 8.0 5.8 1.6 1.1 47 7 
7 89 F 8.5 6.0 2.0 0.9 4S 7 
9 88 F 8.5 5.3 1.9 0.9 46 7 

10 82 F 8.0 S.3 1.9 0.9 4S 7 
1 160 M 16.5 12.9 2.S 2.0 58 7 
2 154 M 14.5 12.8 2.S 1.8 6S 7 

22 153 M 15.5 11.0 2.3 2.0 62 7 
3 144 M 16.5 12.S 2.3 1.5 76 7 
4 . . 135 M 1S.O 10.0 2.1 1.5 59 7 

12 116 M 11.5 8.3 2.3 1.1 so 7 
11 115 M 12.0 8.2 2.3 1.0 47 7 
19 111 M 13.0 9.0 1.8 1.3 59 7 
14 103 M 11.0 7.1 2.0 1.0 46 7 
13 102 M 11.S 7.0 2.3 1.0 47 7 
1S 91 M 9.0 6.5 2.0 0.7 46 7 
16 87 M 7.5 5.9 2.0 0.9 45 7 
18 78 M 6.0 4.3 1.3 0.5 41 7 
17 75 M 8.0 4.8 1.5 0.6 42 7 

*Arranged in order of decreasi_ng mantle length and grouped acco~ding to sex· 
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Table 14. Mantle length, sex, buccal and radular data for 1.Ue.x 
J.U.eC:ebJto . .6u.& aJr.ge~nu.6. 

Radula Teeth 

Specimen Mantle Buccal Max. Min. No. of No. of 
Number Length Sex Mass Length Width Width Horiz. Longit. 

(mm) Diam. (mm) (mm) (mm) Rows Rows 
(mm) 

3* 197 F 15.0 9.9 2.6 1.8 48 7 

2 175 F 13.5 9.0 2.6 1.6 43 7 

1 163 M 14.0 9 •. 8 2.5 1.8 49 7 

*Arranged in order of decreasi.ng mantle le.ngth and grouped accor~ing to sex. 

The data on the width of radular rachidian teeth of the three 

individuals representing the three subspecies are ·presented in the 

follo\\'ing table (Table 15) • 

Table 15. Comparison of rachidian tooth measurements (~idth) of 
intact complete radulae of three subspecies of 1lte.x 
J.U.ec.e.bJto.llu.&. 

1.Ue.x .<.. .ut.ec.ebJto.6u.& (#17) 

ML = 161 mm 
RL = 6.5 rnm 
Sex: Male 

Rachidian tooth width 

Row Width 
No. (mm) 

1 .292 
.279 
.285 

1. i. c.o.inde.til (#1) 

ML = 160 mm 
RL = 12.9 mm 
Sex: Male 

Rachidian tooth \\'idth 

Row Width 
No. (mm) 

1 .279 
.255 
.255 

1. L aJtg e.ntbtU6 ( #1) 

ML = 163 mm 
RL = 9.8 mm 
Sex: ~1ale 

Rachidi'an tooth width 

RO\\' Width 
No. {mm) 

1 .279 
.279 
.307 

11 !' 
, 

t 
~ 
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Table 15 (continued) 

1Ue:x. L illeceblto.t>lUI (#17) 1. ~. co~ndetii (#1) Z.L Mgen.:ti.nlUI (#1) 

Row Width Ro\'1 Width RO\.,. Width No. (mrn) No. (mrn) No. (mrn) 

.315 .255 .315 

.315 .255 .337 

.315 .300 .337 

.315 .315 • 345 

.322 .322 .358 

.315 • 337 .360 . 
10 .315 10 .345 10 .360 

.315 .345 .360 

.307 .345 .367 

.300 .345 .367 

.285 .345 .372 

.279 • 345 .360 .. . 

.279 .345 .360 

.262* .345 .360 

.255 .345 .367 

.279 .345 .372 
20 .268 20 .345 20 .375 

.255 .300* .367 

.255 .300* .367 

.247 .285* .367 

.240 .315* .360 

.240 .345 .360 

.240 .345 .360 

.240 .360 .357 

.225 .360 .360 

.225 .375 .345 
30 .210 30 .360 30 .345 

.210 .360 .345 

.202 .360 .345 

.195 .360 .334 
.360 .330 .195 

.330 .187 .360 

.322 .180 . • 352 

.322 .172 .352 

.322 .165 .352 
,315 .345 .165 

.345 40 .315 .165 40 
.312 41 .150 .345 
.300 .337 
,300 ,330 

.330 .292 

-~ 



Table 15 (continued) 

I.U.ex .i.. ille.c.eblto.6u.& (#17) 

Row 
No. 

RL: ML = 1 : 2 . 4 7 

Width 
(mm) 

ML = Mantle Length 
RL = Radular Length 

*Tilted 
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1. L c.obtde.tU (#1) 

Ro\'1 
No. 

so 

58 

Width 
(mm) 

.330 

. 330 

.330 

.315 

.315 

.315 

.315 

.315 

.315 

.300 

.307 

.300 

.300 

.285 

RL:ML = 1:1.24 

I . L aJr.g en:t.btu.& ( # 1) 

Row 
No. 

49 

Width 
(nun) 

.285 . 

.285 

.285 

.255* 

.255* 

RL : ML = 1 : 1. 66 

The data on radular length and width are plotted against mantle 

length of 1llex .i.. lteec.eb~o.6U.6 in Figures 1a and lb. In Figures 2a and 

2b are plotted the observed va1ues for the same variables for 1. L 

c.o.i.nde.tU. The radular length and radular .width are expressed as 

percentages of the mantle length in Figures 3a and 3b for 1. i . 

.i.tleceb~0.6U.6 and in Figures 4a and 4b for 1. i. c.oindetil. The 

. computed radular length: radular width indices (RL/RW) for I· L 

illec.eb~o~U-6 are presented in Figure 3c and for 1. i. c.oindetii in 

Figure. 4c. 
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ILLEX I. ILLECEBROSUS FIG. la 

cf~ 
• 0 

• 
0 • 0 0. 00 to •• .. 

Zll Ztl ZZI 
LENGTH (mm.) 

4t 0 0 

• 

ILLEX I. ILLECEBROSUS FIG. lb 

dr; 
• 0 

• 

Fig. la 

Fig. lb 

0 
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Zll 211 ZZI 
LENGTH (mm.) 

6 

• 0 
0 

Relationship between mantle length and radular 
width of IU.e.x .u.tec.ebJr.O~Uh W.ec.ebJr.O~IL6 • 

Relationship between mantle length and radular 
length of I!lex illec.eb~o~IL6 il!ec.e~~!L6. 
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ILLEX I. COINDET II FIG. 2a 

d'~ 
• • 

• 0 • 
• 

• 
fl' 0 

fl' 
• 

•Oa 
0 

0 0 

• 

120 130 140 
LENGTH (mm.) 

I LLEX I. COINDET I I FIG. 2b 

a-c; 
• 0 

• • • 0 • • 
eao• I) • 

0 • 0 

• 

100 110 120 130 140 150 
MANTLE LENGTH (mm.) 

Fig. 2a. Relationship between mantle length and radular 
length of 1Uex lll.ec.eblr.o.6u.6 C.ohtdei:U. 

Fig. 2b. Relationship between mantle length and radular 
width of IUex ll.lec.ebl!.o.6U6 c.oi.ndei:U. 
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Fig. 3a. Relationship between mantle length and radular 
length index in Zltex illeeebno¢u& ~eeeb~o¢U6. 

Fig. 3b.. Relationship bet\\'een mantle length and radular 
width index in Iltex itteeeb~o~u& illeee~o~u&. 

Fig. 3c. Relationship bet\\'een mantle length and radular 
length-radular width ratio in 'Iltex ~eeeb~o~u& 
ill.eeeb~o¢u&. 

' 
. . 
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Fig. 4a. 

Fig. 4b. 

Fig. 4c. 
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Relationship betwee~ mantle length and radular 
length index in 1liex illec.eb1io~U6 c.o.lnde;tU. · 

Relationship bet\o1een mantle length and radular 
width index in Iliex illec.eb~o~U6 c.o~ndetii. 

Relationship between mantle length and radular 
length-radular width ratio in 1liex illec.eb~o~U6 
c.ol.nde.t.U.. 

-

' 
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ILLEX I. COINDET II FIG. 4a 
d'c; 
• 0 • • • 

• • • • •o • 
RLI • 0 0 

Yo I 0 0 0 

• 0 

5 

I ILLEX 1. COINDET II a"• FIG. 4b 

~ 0 

0 ·cP• • RWI 2 • • .. 
Yo 

0 

• 0 • • • • ~ 

' 
•• 120 130 140 

LENGTH (mm.) 

• ILLEX I. COINDET II FIG. 4c 

r~ • • • 
5 • • • 

~w 0 fit 
0 

• 
• • • .o 

0 

eo 
0 0 

2 •• 10 100 110 120 130 140 
MANTLE LENGTH (mmJ 



-151-

It is apparent from the data presented in these figures that 

l. i. coindetii is characterized by a l~nger radula than is 1. i. 

ill.ec.ebJto~U&. Furthermore, no correlation between sex and the size 

of the radula in terms of mantle length is apparent in 1. L Ui.ec.ebJt0.6!UJ, 

however such a correlation does exist with respect to 1. i. c.oindetii. 

In Plate 37, in addition to a dra\dng of two rO\'lS of radular 

teeth of 1. i. coindetii (Figure 1), based on Naef (1923), are presented 

three photographs of representative portions of radular ribbons of all 

three subspecies. These are so similar and agree closely with information 

from other sources (but not all) that it is difficult to separate them 

on the basis of tooth structure alone. It should be pointed out that 

although Naef (1923) indicated marginal plates (Plate 37, Figure 1), 

these are not consistently present and not well developed to any extent, 

as can be seen in Plate 54. 

Considerable attention was given to an examination in detail of 

radulae of 1Uex. In F.igures SO, 51 and 52 are presented montage 

photographs of the complete radular ribbons of 1. i. Ui.ec.eblto-6~, 

l. i. coindetii and 1. i. ~gentinU&, respectively. In addi tion, the 

radular ribbon of 1. i. itleceblto.6U.6 has been considered i n por tions, or 

sections, namely, rows 1-8, 8-18, 18-30 and 30 to the terminal anterior-

most row. 11.5 (13) through 20 in mal e and female A comparison of rows 

l. i. illec.ebJr.o~ti6 is presented in Plate 55, and for ro\'IS 11 t hrough 20 

of both male and female 1. .L c.obtde:tU in Figure 56· All these are 

discussed in a separate section of thi s presentation under the heading 

"Ommastrephids". 
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Detailed variations \dthin the radular of 1. ).. illec.ebll.o.6U6, 

namely, an increased number of cusps on the inner lateral teeth, and 

variations in. the degree of spacing separating ectocones from the 

rachidian mesocones (Plate 58) are also discussed separately, as ·is 

the development of ne\~ teeth sho\m in Plate 59. 

Genus To~o~.i-6 

This genus (Plate 38, Figures 1 and 2) is closely related to 

1tlex and a superficial examination of specimens of these two genera 

could easily result in confusion of identification. In the collections 

of 1tlex ~ec.ebll.o~U4 c.oindetli from the Mediterranean, one misident~fied 

specimen was subsequently re-identified as Todall.op~~ eblanae. The 

radular ribbon ofT. eblanae possesses well developed marginal plates, 

which are of a moderate size in relation to that of the radular teeth, 

whereas the members of the genus 1Uex do not. In addition to the 

marginal plates, T. eblanae possesses bicuspid lateral teeth with basal 

extensions which extend medially. The inner marginal teeth also are 

characterized by this basal configuration. The outer marginal teeth bases 

exhibit small extensions which appear as if they may be notched. The 

cusps of all the radular teeth are acute to sub~acute. 

Data on the two specimens of this species are presented in Table 16. 
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Plate 38 

Family O~nastrephidae 

~ig. 1. Portion of radular ribbon of Tod~op~~ ebtanae 
(Ball, 1841). (Drawing after Naef, 1923). 

Fig. 2. Photograph of portion of radular ribbon of 
TodtiJr.o~.<A eb.tana.e (Ball, 1841), showing marginal 
plates. 

• ' .,. 
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Fig. 1. Todaltop~~.£6 eblanae (Ball, 1841). 
(After Naef, 1923). 

Fig. 2. Todaltop6.i6 eb.fana.e (Ball, 1841). 
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Table 16. Mantle length. sex. buccal and d 1 d eb.ea.na.e. , , ra u ar ata for TodaJtop.6l6 

Radula Teeth 

Specimen Mantle 
· Nwnber Length Sex 

(mm) 

2* 94 F 

1 125 M 

Buccal 
Mass 
Diam. 
(nun) 

13.5 

15.0 

Length 
(nun) 

7.3 

12.0' 

*Misidentified originally as I. l. ~oindetii. 

Genus T oda.Jr.odu 

Max. 
Width 
(mm) 

1.7 

3.1 

Min. 
Width 
(mm) 

1.5 

1.9 

No. of No. of 
Horiz. Longit. 

Rows Rows 

56 7 

55 7 

TodaJtodu ~ag~, illustrated in Plates 39 and 40, Figure 1, 

displays the heterodont condition found in the other genera of this family. 

In Plate 39, it can be seen that the radular teeth are large and strongly 

cuspidate. The rachidian teeth are tricuspid with tall rn~dian rnesocones 

and ectocones which are curved and directed toward the posterior. The 

lateral teeth are also tricuspid, with lateral ectocones which are 

moderately tall in relation to the size of these teeth, whereas the cusps 

on the medially directed surfaces of the basal portion of the teeth are 

the smaller of the ectocones. The inner marginal teeth are partially 

hidden by the elongate, recurved outer marginal teeth. 

· That there are mediad extensions of the bases of these teeth is, 

unfortunately' partially hidden in these phot.ographs, due to difference 

in levels of focus. On these basal extensions are borne small cusps. The 

. ,. 
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inner marginal teeth are therefore bicuspidate. The cusps of the 

radular teeth are acute to sub-acute, except \'/here broken (Plate 39a). 

Marginal plates in this species are moderately small in size, but well 

developed. The draldng from Naef (1923) (Plate 40, Figure 1) does 

not agree in all particulars \'lith the phbtographs in Plate 39. 

Data on the two specimens ofT. ~ag~ from the Mediterranean 

are presented in Table 17. 

Table 17. Mantle length, sex, buccal and radular data for Tod~odeh 
II a.gU:t.a..tz.u • 

Radula Teeth 

Specimen Mantle Buccal Max. Min. No. of No. of 
Number Length Sex Mass Length Width Width Horiz. Longit. 

(nun) Diam. (mm) (mm) (mm) Rows RO\'IS 
(nun) 

1 300 F 30.5 26.0 5.5 3.5 80 7 

2 280 F 31.0 22.9 5.3 3.2 72 7 

Genus OtmtM:tltephu 

Another genus of the Family Ommastrephidae represented, Qnmah~epheh, 

is illustrated in Plate 40 (Figures 2, 3 an4 4). Here, too, the heterodont 

condition is evident, with tricuspid rachidian teeth, bicuspi d lateral 

teeth, and unicuspid inner and outer marginal teeth. 

""- · 
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Plate 39 

Family Ommastrephidae 

Fig. 1. Photographs of portion of ·radular ribbon of 
T odaJr.odu .6.agi:tta:tu..6 (Lamarck, 1799) • 

a. · Central portion 

b. Lateral portion 
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Fig. 1. a. To~ode6 ~ag~ (central portion) 
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Fig. 1. b. To~ode6 ~ag~ (lateral portion) 
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Plate 40 

Family Ommastrephidae 

Fig. 1. Two rows of radular teeth of TodaAodeo ~ag~ 
(Lamarck, 1799) ( OmnM.tlte.phu ( Omna:to~.tJie.phu l 
l,a.g.i.t:ta..:t:u.. Lamarck, 1799). (Drawing after 
Naef, 1923) · 

Fig. 2. Teeth of left half of a row from the radular ribbon 
of Omm~.tlte.ph~ (Stenote.uthl&l pt~o~ (Steenstrup, 
1855) • (Dra\iing after Verrill, 1880) 

F.ig. 3. Partial row of radular teeth of OmrrMtlr.e.phu 
baJL:tJtam.i. (Lesueur, 1821) (=Air.c.IU:teu.:thl& me.gapt~ 
Verrill, 1879). (Drawi.ng after Verrill, '1880) 

Fig. 4. Two rows of radular teeth of OmrrMtlr.e.phu bo.Jt.tJr.a.mi 
(Lesueur, 1821). (Drawing after Naef, 1923) 
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Fig. 1. To~odu ¢ag~ (Lamarck, 1799) 
( Ottma¢t.Jz.e.phu ( Omnato~.:tlte.phu) ¢ag~ 
Lamarck, 1799). (After Naef, 1923) 

Fig. 2. Om11a6tll.e.phu (Ste.no.te.u.tiU-6) pte.JtopM 
(Steenstrup, 1855). (After Verrill, 1880) 

Fig. 3. 

Fig. 4. 

OmnM.th.epltu baJz.:tJuo;1-i. (Lesueur, 1821) 
(AILc.hUeuthM me.ga.pte.lta. Verrill, 1879). 
(After Verrill, 1880) 

Omna.&.:Uz.ephe6 boJc.t.Jc.am.i. (Lesueur, 1821). 
(After Naef, 1923) 
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(hnncut.Jte.phu (S.teno.te.u.thM) p.teJr.opr.u, (Figure 2) exhibits a . . , 
lateral tooth with one large and one rather small laterally pla~ed 

cusp. The radular teeth of 0. b~ as presented in Figures 3 and 

4 are quite different and do not agree. In Figure 3 (after Verrill, 

1880), the rachidian and lateral teeth are shown to possess tall cusps 

of approximately equal height arising from broad,shall0\'1 bases, whereas 

Figure 4 (after Naef, 1923), presents these teeth with cusps of 

unequal height arising from broad, less shallow bases. Only the outer 

marginal teeth of these three species sho\'1 a slight degree of 

curvature, with 0. p;teJr.OplU (Figure 2) havipg the greatest degree of 

curvature. Marginal plates for the representatives of Qmma4~ephe6 ·are 

shown only in Figure 4 (0. ~ami, after Naef, 1923). 

Genus O~o.t~ 

This_ genus (Plate 41, Figure 2) is illustrated by a drawing of a 

partial row of radular teeth of O~nitho.te~ antitlanurn, from Voss 

(1957). The dentition shown is heterodont with the teeth bearing elongated 

cusps. The rachidian tooth is tricuspid with a tall mesocone and 

considerably smaller ectocones. The lateral tooth is seen to be 

bicuspid with a rounded or blunt large cusp and small acute lateral 

cusp. The inner marginal tooth is slender and elongate. The outer 

marginal tooth being ·slender, rather elongated and sweepingly recurved. 

No marginal plates are shown. 

· £am~ly Thysanoteuthidae 

Genus Thy~ano.t~~ 
. 41 F' 1 by a portion of This genus is i llustrated 111 Plate , 1gure , 

...... 
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Plate 41 

Family Thysanoteuthidae 

Fig. 1. Two rows of radular teeth of Thy4anote~ 
JthombU6 Troschel, 1857. (Dra\'ling after Naef, 
1923) . 

Family Ommastrephidae 

F_ig. 2. Teeth of left half of ro,.,. from the radular ribbon 
of 0JtnLthoteu.thi.6 an:t;.iUa.Jwm Adam, 1957. (Dra,.,.i.ng 
after Voss, 1957) 
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Fig. 1. Thy.&ano.ter.L-thM Jthomb!Lb Troschel, 1857 . 
(After Naef, 1923) 

Fig. 2. OJtni.tho.t~uU antittaltwn Adam, 1957. 
(After Voss, 1957) 
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the radular ribbon of Thy.6a.11.o:te~ Jthombu.6, drawn by Naef (1923). 

The heterodont condition is sho\r.n in the tricuspid rachidian teeth, 

bicuspid lateral teeth (of approximately the same height as the rachidian 

teeth) \~hich also appear to possess a small medially directed ext.ension 

of their bases. The inner and outer marginal teeth are taller than the 

others, unicuspid and not apparently recurved. The presence of marginal 

plates is indicated. 

Family Chiroteuthidae 

Genus C~:teu:thi.6 

This genus is represented by two species, C. ca.pen6~ and C. 

VeJta.nyi (Plate 42, Figures 2 and 3), which exhibit the heterodont 

condition. In Figure 2, the dra\·ling of Voss (1967) of C. c.a.pen6~ shO\"s 

a tricuspid rachidian tooth that is taller than the bicuspid lateral 

teeth and of approximately the same size as the inner marginal teeth, 

only one of which is shown to be bicuspid. The outer marginal teeth are 

taller than the other radular teeth and appear to be slightly recurved. 

C~o:t~ v~anyi (Figure 3) is depicted by Naef (1923) to 

have a tricuspid rachidian_ tooth of approximately the same height as are 

the bicuspid lateral teeth. The rachidian ectocones are laterally 

directed, as are the small cusps of the lateral teeth . The unicuspid 

inner marginal teeth are taller than the rachidian and lateral teeth, 

while the unicuspid outer marginal teeth are tall, elongate and exhibit 

a slight degree of recurvature. Neit her Figures 2 or 3 present s any 

indication of marginal plates for this genus· 
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Plate 42 

Family Chiroteuthidae 

Fig. 1. Si.ngle row of radular teeth of Val.by.teu.tJUJ., da.na.e. 
Joubin, 1931. {Drawi.ng after Roper & Young, 1967) 

Fig. 2. Single row of radular teeth of CIWLo.te.u.tJUJ., cape.tt6.i.6 
Voss, 1967. (Drawi.ng after Voss, 1967) 

Fig. 3. Single row of radular teeth of CIWLo.t~ ve.Aany~ 
{F~russac, 1835). (Drawing after Naef, 1923). 
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Fig. 1. Va1.by.teuth16 daJtae Joubin, 1931. 
(After Roper & Young, 1967) 

Fig. 2. Chhto.teu.;thU c.apeM.£.6 Voss, 196 7. 
(After Voss, 1967) 

I 
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I 

Fig. 3. ChlAo.te.u..tiU-6 veJtanyl (Ferussac, 1835) . 
(After Na.ef, 1923) 
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Genus Valbyte~ 

The illustration of a single ro\'1 of radular teeth of V. da.na.e 

(Plate 42, Figure 1), is a bit unusual. The mesocone of the rachidian 

tooth is slender and elongated, much taller than its lateral ectocones 

or the lateral and inner marginal teeth. The bases of these teeth are 

broad in relation to the height and slenderness of their cusps. 

The lateral teeth are tricuspid in a manner not heretofore seen. 

in addition to the small,medially directed basal extension of the 

lateral teeth, there is a large lateral base extension from which two 

smaller acute cusps arise at its outer margin. 

The inner marginal teeth are broadly based, with a lateral base 

extension. The outer marginal teeth are slender, elongate, not sharply 

recurved, and the cusp projects posteriad. No marginal plates are 

evident. 

Family Mastigoteuthidae 

Genus Mcu,t.i.goteu.:th,U 

This family is represented by an illustration (Plate 43, Figure 2) 

of a ~ingle row of radular teeth of M. c.oJr.cU6oJurri6, after Adam (1954) · 

The tall mesocone of the tricuspid rachidian tooth rises as a moderately 

broad triangle from a broad base to\'lering above the small lateral 

ectocones. It is taller than the bicuspid lateral teeth and is of 

'd · "nal teethp These approximately equal height to the unicusp1 1nner margl . 

broadly tri~ngular inner marginals appear somewhat similar in shape to 

corresponding teeth of certain of the loliginids · The outer marginal 



-168-

Plate 43 

Family Promachoteuthidae 

~ig. 1. Single row of radular teeth of P4omachot~ 
sp. (Drawi.ng after Roper & Yo~ng, 1968) 

Family Mas~igoteuthidae 

~ig. 2. Single ro\'1 of radular teeth of MMtigote.u:tiU.6 
c.o'lt.CU6oJrm.iA Chun, 1908. (Drawing after Adam, 
1954) 
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Fig. 1. PJr.oma.c.hote.u.:th,U sp. 
(After Roper & Young, 1968) 

Fig. 2. MMUgote.u,th-i;., c.oJt..di6oJml-U Chun, 1908. 
(After Adam, 1954) 
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teeth show a distinct angle of recurvature close to their bases 
. 

whereas in other species these teeth are recurved along their length. 

Small marginal plates are present. 

Family Promachoteuthidae 

Genus P~omac.hot~~ 

The illustration of the radular teeth of an unidentified 

promachoteuthid (Plate 43, Figure 1), shows a certain resemblance to 

the radular teeth of Go~ 6ab~cii (Plate 26, Figure 1) in that the 

lateral and inner marginal teeth of P~omac.hote.u.:tfU.6 sp. share the 

laterally elongated bases and the squat, unicuspid shape of the lateral 

teeth of G. 6a.~c.U.. In Figure 1 (Plate 43) the lateral teeth sho\'1 a 

line which may represent either a small cusp or a sculptured portion 

of the tooth's surface. The tricuspid rachidian tooth is broad based 

and its mesocone is short and broadly triangular. The ectocones are 

short, acute and laterally directed. The outer marginal teeth are 

stout and gradually recurved in a medially posterior direction. No 

marginal plates are indicated. 

Family Cranchiidae 

Genus Py~go~.U 

The Family Cranchiidae is represented here by four genera (Plates 

44 and 45) . Pfl~gop~.U pa.c..i.6.ic.a. (Plate 44, ~igure 1) exhibits heterodont 

dentition. The tricuspid rachidian tooth is large, broader based, with 

a mesocone that is taller than the bicuspid lateral and unicuspid inner 

marginal teeth. The ectocones of the rachidian tooth are short and 

l 
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broad in configuration. The lateral teeth sho\'1 a large, broadly 

triangular cusp and a short, broad lateral cusp. The cusps of the 

inner marginal teeth are broadly triangular. The outer marginals 

are elongated, taller tllan the other radular teeth and slightly 

recurved. Small marginal plates are present. 

The illustration (Plate 44, Figure 2) of V. hypeJLboJtea. from 

Verrill (1880) shows rather broad based teeth, rather squat in appearance. 

The tricuspid rachidian tooth displays a tall, broad mesocone and short, 

laterally directed ectocones. The lateral teeth show a large, triangular 

cusp and a smaller 1 laterally directed cusp 1 arisi.ng from a broad base. 

The inner m~rginal teeth are partially hidden by the recurved outer 

marginal teeth, but show a stout cusp. Moderately large marginal 

plates are present. 

Genus PhMma:toph..U 

The single row of heterodont radular teeth of P. c.ymoc.:topM sho\m 

here (Plate 45
1 

Figure 1), appear to be almost indefinite in shape. The 

tooth ·bases are broad, rather rounded and the cusps appear to rise in a 

vaguely tri~ngular shape. The tricuspid rachidian exhibits a broad, 

blunt mesoconc and rather small laterally O!iented ectocones. The 

bicuspid lateral teeth have a large medially inclined cusp and a small 

laterally located cusp which is laterally directed. The unicuspid 

· d' 1 t as do the taller, . 1nner marginal teeth show a sharp me 1a curva ure, 

h d of curvature of bluntly unicuspid outer marginal teeth, but t e egree 

these latter teeth is . not as great. Marginal plates are not indicated. 
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Plate 44 

Family Cranchiidae 

Si.ngle row of radular teeth of Py1Lgop6.U ·. 
pa.c..i6ic.a. (I ssel ~ 1908) . (Dra\iing after Voss, 
·1967) . 

Portion of radular ribbon of V~euthih 
hyp~bollea (Steenstrup, 1856) (V~mot~~ 
~en~ Verrill, 1880). (Drawing after Verrill, 
1880) . 

l 
. ~ 

I 



-173-

0 

Fig. 1. Py~op~~ p~cln~ea · crssel, 1908). 
(After Voss, 1967) 

Fig. 2. V~eut~ hyp~bo~ea (Steenstrup, 
1856) (Ve6moteut1UJ., :tcweJLa Verrill, 1880) . 
(After Verrill, 1880) 
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Plate 45 

Family Cranchiidae 

~ig. 1. S~ngle row of radular teeth of Pha6matop~~ 
C.!lf!Odypu.-6 de Rochebrune, 1884. (Drawing after 
Clarke, 1962b) · 

Fig. 2. Single row of radular teeth of Megal.oCJtanc.hia. · 
migalop~ a.u.6tJt.a.iJ.A Voss, 1967. (Drawing after 
Voss, 1967) · · 
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Fig. 1. PhMma..top.o.U., c.ymoc.t~tpu6 de Rochebrune, 1884. 
(After Clarke, 1962b) 

Fig. 2. Me.ga..toCJta.nc.IU.a. me.galop.6 au6tJt.a.fJ.l, Voss, 1967. 
(After Voss, 1967) 

·, ·, 
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Genus Megalo~nchia 

The heterodont radular teeth of M. me.galop.& a.u.6.tJz.a..t.U (Plate 

45, Figure 2) , present a very different appearance from those of 

Pha.6ma..top.&.i6 c.ymoc:typu..&. In the former, the cusps are elongate, 

slender, acute to sub-acute, witlt the rachidian tooth exhibiting a 

peculiar bicuspidate condition, that is, a single small and blunt 

ectocone is located to one side of the tall mesocone. One of the 

lateral teeth sho\"s a sharply attentuated large cusp and a lower "lump", 

which may or may not be a cusp or extension near the medial margin of 

the base. Both of the lateral teeth, as well as the unicuspid, 

triangular shaped inner marginal teeth, sho'" a degree of mediad 

curvature (or inclination), but to a greater extent in the laterals. 

The unicuspid outer rn~rginal teeth are elongate, tall and curved a~ong 

their entire length. The marginal plates are large and appear to be 

well developed. 

Order Octopoda 

Family Octopodidae 

Genera O~pu.&, Bathypolypu.& and Pt~octopu.& 

Representative genera of the Family Octopodidae are here 

illustrated in Plates 46 and 47 (Figure 1). These, namely, OctopU.6 

vul.gcvr..U, I 0. nuj J.;tcU, 0. bcWr.cLU, 0. .&al.Ltti.., Ba..thypolypU.6 .6 pon6af...U and 

Pt~octopll.6 t~~hu-6, have certain features in common with respect 

to the radula. These are: well developed marginal plates, large and 

Well developed rachidian teeth, small or reduced lateral teeth, and 

well developed outer marginal teeth. In Plate 46 (Figure 1)' 0. vulgoJL.-U 
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Plate 46 

Family Octopodidae 

F.ig. 1. Single row of radular teeth, plus the rachidian 
tooth of a second row, of Octop~ vulg~ 
Lamarck, 1798. (Dra\ii.ng after Adam, 1954) 

~ig. 2. Portion of radular ribbon of Oetopu~ (Poly~} 
6u.jli.a).. ~asaki, 1929) • (Dra\>~i.ng · after Sasaki, 
1929.) 

Fig. 3. Portion of radular ribbon of Oetop~ baindil 
Verrill, 1880. (Drawi.ng after Verrill, 1880) 
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Fig. 1. Octo~ vutg~ Lamarck, 1798. 
(After Adam, 1954) 

Fig. 2. Oc..toptu ( Potyy.xu) 6u.j.UOJ.. (Sasaki, 
1929). (After Sasaki, 1929) 

Fig. 3. Oc:topM ba..i.JtdU Verrill, 1880. 
(After Verrill, 1880) 
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Plate 47 

Family Octopodida~ 

Fig. 1. Photograph of portion of radular ribbon of 
Oc.to'p1L6 .6alu.ti Verany ,· 1839. 

~ig. 2. · Photograph of portion of radular ribbon of 
Pt~oetop1L6 tetta~hu6 (Delle Chiaje, 1830). 

~ig. 3. Photograph of portion of radular ribbon of 
BdthypotypU6 .6pon6~ Robson, 1921. 
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.. , 

Fig. 1. Octo~ ~alutii Verany, 1839 . 

.. ,~ ..... : .. , ... ~ 

!.~. 
-~·: · 

Fig. 2. BathypolypU6 ~pon6~ Robson, 1921. 

Fig. 3. Pt~octopU6 tetna~~ (Delle Chiaje, 1830). 
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Plate 48 

Family Argonautidae 

Teeth from the left half of the radular ribbon 
of M.gonauta. Mgo Linn~, 1758. (Dra\'li.ng after 
Sasaki,· 1929) · 

Single ro\'1 of radular teeth of Altgona.u.ta. hl.a.n6 
So lander, 1786. (Dra\'l~ng after Adam, 1954) 

; ~ : 
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Fig. 1. Altgonauta. M.go Linne, 1758. 
(After Sasaki, 1929) 

0 

Fig. 2. A~gonauta hian6 Selander, 1786 
(After Adam, 1954) 
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Plate 49 

Family Ocythoidae. 

Teeth from the right half of a rO\\' from the radular 
ribbon of ·oc.y.tho'l .tu.b<Vtc.ula..ta. Rafinesque 

1 
1814 1 · 

based on figures of Brock & Jatta . (Drawing after 
Robson, 1932) · 

Teeth from the right half of a row from the r adular 
ribbon of .Oc.y.tho'e .tu.beJt..c.ula..ta. Rafinesque 1 1814. 
(Drawi.ng after Robson 1 1932) 
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Fig. 1. Oeythoe tub~~ Rafinesque, 1814. (Based on 
figures of Brock & Jatta). (After Robson, 1932) 
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Fig. 2. Oeythoe tub~~ Rafinesque, 1814. (After 
Robson, 1932) 
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shows all these features plus the laterally elongated bases of the 

inner marginal teeth. The outer marginal teeth are tapered distally, 

whereas those of 0. ~aluti (Plate 47, Figure 1), B. 4pon6~ (Plate 

49, Figure 2), and P. t~~hu4 (Plate 47, Figure 3), appear to be 

relatively uniform in shape from base to rounded cusp, curving to\'lard 

the posterior end of the radular ribbon. 

The rachidian teeth of the octopods, 0. vulg~, 0. 4~ and 

P. t~~hu4 are equipped with variably located ectocones. However, 

the rachidian teeth of 0. 6ujital, 0. b~dii and B. 4pon6~ are 

unicuspidate. 

Family Argonautidae 

Genus Mgona.uta. 

The illustrations of two species of the. genus AJtgonau.:ta., A. a.Jtgo 

and A. klan&, (Plate 48, Figures 1 and 2) show certain features in 

common. Generally the teeth are broad based and appear tri~ngular in 

shape, except for the rachidian tooth of A. klan& which is sho\m to be 

tricuspid. In addition, the lateral teeth of A. hi.a.nb seem to differ 

with respect to cusp height, while the inner and outer marginal teeth 

appear to be of equal he.ight. The radular teeth of A. a.Jtgo are homodont 
• A I. :a."'~ 

and seem to be of the same he.ight. M&;rginal plates are shown tn • ' 14 'v"' 

to be large and well developed but barely suggested in A. a.Jtgo • 

Family Ocythoidae 

Genus Oc.ythoe 

In Plate 49 are presented two drawings of 0. tubeJteula.ta. Both 

figures show a heterodont condition, with tricuspid rachidian and· 

;: 
;. 
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lateral teeth, bicuspid inner marginal teetl1 ·and unicuspid outer 

marginal teeth. However, in Figure 1, (after Brock & Jatta, from 

Robson, 1932), . the inner lateral tooth is shown \\'ith a less laterally 

elongated base and the outer marginal tooth is shown to be quite 

elongated and curved along its length. Figure 2 (after Robson, 1932), 

presents the inner marginal tooth as having a greatly elongated lateral 

basal extension and with outer marginal tooth not as elongated or 

curved as is the case in Figure 1. It is also true that the marginal 

plates are presented differently. According to Brock & Jatta, they 

are square (Figure 1), while Robson figures.them as being rectangular 

(Figure 2). 
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Plate 50 

Family Ommastrephidae 

Fig. 1. Montage of complete radular ribbon of specimen 
of 1Uex ili..ec.ebJt.o.61Ul ili..ec.ebJto.6M. Length of 
the radular ribbon: 8.2 rnrn. 

., 
i 
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Fig. 1. Zltex i£leceb4o4U6 il!eceb404U6. 
Complete radular ribbon. 
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Plate 51 

Family Ommastrephidae 

Fig. 1. Montage of complete radular ribbon of specimen · 
of IUex W.ec.eblr.o.6!L6 c.o.lndeii.i. Length of 
the radular ribbon: 8.0 mm. · 
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Fig. 1. ZUex Ulec.ebJUJ.&W> c.o-i..nc.etM.. 
Complete radular ribbon. 
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Plate 52 

Family Ommastrephidae 

Montage of complete radular ribbon of specimen 
of 1Uex U!ecebJto.&U6 Mgenti.YU.L.&. Length of 
the radular ribbon: 9.9 mm. 
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Fig. 1. I.Uex .utec.eblto.61Ul a~tgentb1LL.6. 
Complete radular ribbon. 
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Plate 53 

Family Ommastrephidae 

Fig. 1. Radular ribbon of specimen no.· 7 of 1Uex 
itteceb~o~a6 ~eceb40QU6, (Radular ribbon 
length: 8.2 nun). 

A. Phot.ograph of ro\t/S of radular teeth numbers 

B. Photograph of rows of radular teeth numbers 

c. Photograph of rO\"s of radular teeth numbers 

D. Phot.ograph of rows 
the anterior end. 

of radular teeth numbers 

1-8. 

8-18. 

18-30. 

30 to 
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A 

B 

c 

D 

Fig. 1. I.Uex ..u.te.c.e.bJto.61J.h Ui.e.c.e.biL0.6CL6. Radular 
ribbon photographed in four sections, A-D. 

.I 
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Plate 54 

Family Omrnastrephidae 

Fig •. 1. Photograph showing _marginal plates of the radular 
ribbon of 1Uex Uf.eciebJto.t,U6 il!ec.ebJto.6U6. 

Fig. 2. Photograph showil'!g_margina1 plates of the radular 
ribbon of 1Uex .ill.ec.ebJto.6U6 c.obtde.tU. 

Fig. 3. Photograph showing marginal plates of the radular 
ribbon of 1Uex ill.ec.ebJto.6U6 altgel'l-ti.nui>. 
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· .... ·. ' · .. ' • 

" :·.r. 

Fig. 1. I.Uex Wec.ebJLol>IUJ illec.eblt.ol>IUJ 
(Marginal plates) 
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Fig. 2. I.Ue~ .<U.ec.eb4ol>IUJ c.o~ndetil 
(Marginal plates) 

Fig. 3. I.Ue~ illec.eb4ol>IUJ aJLg entbw~ 
(Marginal plates) 
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Plate 55 

Family Ommastrephidae 

Fig. 1. Photograph of rows of radular teeth numbers 11.5 
through 20 from the radular ribbon of female 
specimen of Ilt~x ~~c~b~o~U6 ~~c~b~o~U6. 

Fig. 2. Photograph of rows of radular teeth numbers 13 
through 20 from the radular ribbon of male specimen 
of Itt~ itt~c~b~o~U6 ilt~c~b~o4U6. 

\ . 
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Fig. 1. Iltex itleceb~o~U6 il!ecebto~u6 (Female) 

F. 2 l 00ev :ooeceb~o~U6 ilteceb~o~U6 (Male) lg. . .(A. "'~ 
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Plate 56 

Family Ommastrephidae 

Fig. 1. Photograph of rows of radular teeth numbers 11 
through 20 from the radular ribbon of female 
specimen of Iltex itteceb~o~U6 co~ndetli. 

Fig. 2. Photograph of rows of radular teeth numbers 11 
through 20 from the radular ribbon of male specimen 
of Iltex lt!eceb~o~U6 co~detii. 
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Fig. 1. l.Uvc. ill.ec.eblto~CL6 c.oi.ndUU (Female) 
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I DDnv il1.ec.eb4o~CL6 c.oi.ndetli (Male) Fig. 2. ~~ 
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Plate 57 

Family Archit~uthidae 

Photographs of ro\'/s of radular teeth from the 
radular ribbons from five Newfoundland specimens 
of the genus A4~hLteuthi4. 

A. Lance Cove specimen (October, 1965) 

B. Chapel Arm specimen (December, 1964) 

c. .Wild Cove specimen (November, 1966) 

D. Sweet Bay specimen (November, 1966) 

E. Springdale specimen (November, 1965) 
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Fig. 1. Portions of five radular ribbons of specimens 
of the genus AltckUeu.:thiA • 
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Plate 58 

Family Ommastrephidae 

Fig. 1. Photograph of_portion of radular ribbon of 
specimen of 1.U.ex. W.ecebJto~IL6 W.ec.ebJto~u.& 
showing three-cusped inner lateral teeth. 

Fig. 2. 

F.ig. 3. 

Photograph of portion of radular ribbon of 
specimen of 1ttex. lt!eceb~oh!L6 illec.eb~ohU6 
showing broadly-spaced ectocones or lateral cusps 
of rachidian teeth. 

Photograph of portion of radular ribbon of 
specimen of I.U.ex. lt!ec.eb~ohu.& illec.eb~ohU-6 
showing narrowly-spaced ectocones or lateral cusps 
of rachidian teeth. 
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Fig. 1. Tricusped lateral teeth. 

Fig. 2. Broadly spaced ectocones of 
rachidian teeth. 

Fig. 3. Narrowly spaced ectocones of 
rachidian teeth. 

i: 

c 



-205.-

Plate 59 

Family Ommastrephidae 

Fig. 1. Photograph of posterior portion of the radular 
ribbon of 1Uex illec.ebJto.&u.& illec.ebJtol>u.&, 
showing ne\"lY developing teeth. 
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Fig. 1. IU.ex .utec.ebiW.6U4 illec.ebJc.o.6U4. 
Newly developing teeth at posterior 
end of radular ribbon. 
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DISCUSSION 

Very little work has been done in the past regarding the 

cephalopod radula. Since S\'iamrnerdam 1 s initial description in 1737 

(Sallas, 1907) of the radula of a gastropod and Osler's confirmation 

of Swammerdam's work in 1832 (Sallas, 1907), work on the radula of 

molluscs has been done intermittently. Th~ gastropod radula appears 

to have been studied extensively and its importance as a taxonomic aid 

has been documented else\1/her~. 

With reference to the radula of cephalopods, th~ radular teeth 

have been figured by many workers but there seems to have been no 

attempts to differentiate species or families or to use this information 

to any degree in taxonomy. Naef (1923) illustrated radular teeth from 

a variety of species, but upon comparing his drawings with the actual 

species, where possible, a great many inaccuracies are noticed. This 

situation also exists in Verrill (1880) and Sasaki (1929). Whether these 

inaccuracies are due to faulty observation on the part of the investigator 

or the artist, where one was used, is, of course, open to speculation. 

Howeve~, if drawi_ngs are to be used,_ great accuracy must be the main 

consideration or the drawings are virtually worthless. Of the more 
' . 

recent workers, Adam's work (1934, 1952, 1954) shows the most accurate 

representations of radular teeth. Judgi.ng from the ~agnification and 

details shown, although it has not been stated anywhere, it appears that 

a camera lucida has been used. Roper (1963, 1964, 1965, 1968) seems to 

h f · t · t ••rt.ereas tl1e drawi.ngs are rather ave used the services o an ar lS • nu 

r. , .. 
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artistic, too often they have had to be reduced for purposes of 

publication and many details are completely lost or obscured and he 

failed to indicate any magnification. 

But is it obligatory to draw these radular teeth? The ans\~er 

to this varies greatly, according to the situation encountered. 

Photographs can be quite complete but not all~ays so. If the teeth are 

not extremely tall, do not overlap greatly - and with the marginal teeth, 

unfortunately they do - then phot.ographs are possible and even desirable. 

However, where the differences in focal levels are too great to encompass . . 

all the details in one photograph, then dral~ings, preferably by camera 

lucida, are greatly to be desired. Any character to be used as .a 

taxonomic criterion must be accurately described and illustrated, or else 

its value i~ greatly diminished. 

When the work for this thesis was started, it was considered that 

perhaps it would have a negative value, i.e. no great differences in 

radular teeth would be apparent. However, as the literature was searched, 

illustrations assembled and radular ribbons of specimens examined, it 

became abundantly clear that differences existed between genera and even 

species of Coleoids. 

The most outstanding of these differences were found during the 

examination of radular ribbons of specimens collected from various areas 

of the world. In a group of 22 1. L c.oi.ndWi. from the Mediterranean, 

·men It did not 
the radular ribbons were quite similar except for one specl · 

( 



agree with the others in the sample in that the radular·ribbon 

showed '"ell developed marginal plates along both sides of the radular 

ribbon for its entire length. The specimens were re-examined, and upon 

examination of such di_agnostic characters as the sucker dentition it 
' 

was found that the specimen in question was not 1. l. colndetil but 

TodaiLOp6.i6 ebla.na.e. These two squid are superficially similar but by 

counting the number of rows of suckers on the tentacular clubs and 

examining the pattern of denticles within suckers, they can be separated. 

Here the misidentification had been "caught" initially by examination of 

the radular ribbon. Another misidentification occurred in the collection 

of Lo.t...UBu.ncu..ea. bJt.evi6 from Dela'"are Bay. Again one radular ribbon did 

not "agree" with the others. The marginal plates were round and well 

developed, whereas all the other specimens sho\"ed curved and elongated 

marginal plates. A re-examination of the specimen showed that the 

collection included one yo~ng, sexually immature specimen of the closely 

related loliginid, LoUgo peai.ei. It was very easy to see where the 

mistake had been made. The young L. peai.ei did not yet show the 

characteristic fin configuration and it was the same size as the specimens 

of Lo.e..t4Ju.ncula bll.ev.iA that comprised the sample. Only a close 

examination of the small differences corrected the misidentification, 

pointed out again by the difference in the radular ribbon. 

The Marine Sciences Research Laboratory was the recipient of 

a collection of an antarctic species of squid, Bathyteuth£6 sp. Upon 

examination of illustrations of radular teeth of two species and the 

I • . ....-
i 
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radular teeth of the specimens at hand, no definite identification 

could be made. The. genus Ba.Xhy:te..u.-t.~ consists of three species, and 

since I had been able to obtain information on the radular apparatus of 

two of these, it was not possible to arrive at a final identification 

on the basis of radula alone. The radular teeth of Ba:thy:t~ sp. 

(Plate 34, Figure 3) looked very much like those of one species illustrated 

by Roper (1968), but the marginal plate.s more closely resembled those of 

the other species. The answer to the problem has just been received via 

personal communication from Dr. Roper.; the specimen \'las Ba.:thy:teu;t:.h,U, 

aby~~~cola, the third species of the genus - justification for the hesitancy 

in making an identification not truly warranted on the basis of incomplete 

information with respect to the radula. 

_The .assembled illustrations of radular teeth, particularly those . 

of Ad~rn (1934, 1952, 1954), Voss (1956, 1957, 1962) and Roper (1964, 1966, 

1967, 1968) show def~nite species differences. I have been at a loss to 

account for the lack of attention given to these differences before no\'/. 

In the Family Loliginidae, (P~ate 17, Figures 1, 2, 3), showing the 

radular teeth of three species of the genus Vony:t~, the size and 

shape of the teeth are sufficiently different between the species, that 

no difficulty should be encountered in identifying members of this genus. 

Again in Plate 21 (Figures 1. and 2) the species of Enoplo:t[Uthi6 are so 

different, species identification· would be greatly facilitated by 

examination of radular teeth. In addition, members of the genera Gona..tu6 

(Plate 26), Calli:t~ (Plates 32 and 33), Chlno:teuthiJ (Plate 42) and 

Ro~~~a (Plates 10 and 11) illustrated herein, all shO\" definite species 

differences. 

:; 
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Not only can interspecific differences be seen by examining 

radular teeth, but an examination of the plates illustrati.ng the 

Family Sepiidac (Plates 8 and 9), the Family Sepiolidae (Plates 11 to 

14) and the Family Loliginidae (Plates 15 to 20), taking into account 

any artistic inaccuracies, the intergeneric differences become quite 

apparent. 

In commenting on EnoploteutiUll c.ook-U 0\'len, Verrill (1880) 

observed "it is to be regretted ·that Professor 0\'len has neither described 

nor figured the teeth of the radula, in a manner to enable it to be used 

as a systematic character". I can only agree with this remark, for the 

radular configuration should be a regular part of the description of any 

ne\'1 species of cephalopod. Unfortunately, Verrill (1879) presented a 

series of illustrations of the radula of his species Enoplot~ 

hantingli that are not of great value in interpretion of the species, as 

it were, not following the dictum he quoted concerning Owen's earlier 

"failure". All radular drawings, if presented \'lith the care and attention 

to detail characteristic of the illustrations from Adam (1954), would be 

of great taxonomic assistance. In. the same vein, Ishika\'ia (1924) asked 

that attention be. given the statocysts in description of species· 

Robson (1929a, 1932) was of the opinion that the radula was of 

greatest importance in distinguishing higher taxonomic leve.ls, assigning 

little taxonomic value to the use of radulae for the separation of species, 

with the possible exception of the lateral teeth (1929a) · Like opinion 

was held by Lehmann (1967), who stated that the radula could be used for 

. ; 
;: 
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"gross taxonomic purposes - not fine points", since the radula, 

functioning in the S\'lallowing of food, \'las "less subject to selective 

pressures". 

I cannot agree \'lith this, however. A species is the sum total 

of a great number of characteristics, of which but a fe\o;r have either 

been used in species description or yield themselves to ready 

observation or measurement. 

One of the foremost students of cephalopod evolution, 0. H. 

Schinde\'IOlf (1934) was of the opinion that "all available character.s 

of the organisms must, of course, be used as a basis for classification 

arid phylogenetic ~ignificance, but they are of different ranks. As to 

their classificatory and phylogenetic significance, there is a 

hierarchy of characters resembli.ng that in the scale of classification. 

Each differential diagnosis of the successive systematic units can be 

based therefore only on a si.ngle or on a few decisive char acters 

selected from the mass of all those available. In general, the most 

important are considered to be the internal, often minute, characters 

and their developmental features, because they are more independent of 

the mode of life than the external ones" . 

Such "internal • minute characters" would be those of the 

radular apparatus. As already noted, I have used knowledge of the 

radular 

doubtful 

configuration of a given species to separate specimens of 

identification but this can only be done if the knO\'lledge 
. I 

., .. ,, 
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of the radula, its teeth and dimensions is kno\'ln 
. I • 

With regard to functional morphology, Robson (1929a) 

distinguished between carnivorous (octopod) and non-carnivorous 

(decapod) radulae. He claimed that the former type is distinguished 

by additional ectocones to either side of the mesocone of the rachidian 

tooth and by a greater differentiation in individual tooth-types. Be 

that as it may, squids are definitely carnivorous. As noted earlier, 

there is little agreement on the role played by the radular apparatus 

in the feeding process. That the radula is used is almost certain, 

since the wearing away of the cusps from the newly-formed condition seen 

in Plate 59 is readily evident. In Plate 53 the progress deterioration 

of the cusps can be seen by comparing the teeth in Section D (RO\'lS 30 

to the anterior end) and those of Sections A, B and C. If the radula 

is an aid in swallowing similar to the roughened eat's tongue, as 

suggested by Bidder (1950, 1966), this action would be brought to bear 

in the more anterior portion of Section C, and all of Section D, the 

areas showing the_ greatest wear on the cusps. Also, it should be pointed 

out that the teeth are situated on the ribbon so that when the radula is 

moved in an anteriad direction the cusps do not impede this movement. 

Since the radula is curved over a muscular projection in the floor .of 

the mouth (Plates 1, 4, 6 and 7), with the area of greatest curvature 

falling in the anteriormost portions of Section C. This position (i.e., 

the curvature) would result in the teeth being pitched in such a way as 

an.d Pass l
't along posteriorally d_uri_ng swallowing 

to "fork" food material 

or passage from the buccal mass into the esophagus as the radula is 

( 
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moved posteriad. The word "radula" is derived from .the Latin radere, 

meaning to scrape. Such a designation applies equally well to both 

the'tat's tongue" function and to the more widely understood function 
. . 

of rasping in other molluscan classes. As noted earlier, this "cat' s 

tongue" action agrees with the short period of ingestion, disfavouri.ng 

rasping activity. Finally, Berry (1928) speculated that the mandibles 

and the relatively narrow oral aperture were important evolutionary 

adaptations in the pelagic mode of life of modern decapods. Berry should 

have included the radula and what I believe to be its primary role - that 

of an aid to swallo\dng (and thereby fostering retention of food pieces 

excised by the beak - as being of equal evolutionary importance. 
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Architeuthids 

The Family Architeuthidae 
. I hmoJever, presents a -fe\'l problems. 

Not only are these large specimens few in number, but it has been only 

since Ve1•rill 's work in 1879 that any orderly examination of these few 

has taken place, despite the pioneer studies of Steenstrup (1857). It 

is indeed unfortunate that those examined have been obtained after the 

animals have been_ washed ashore or found floating on the ocean's surfa~e 

in a dead or dying condition, usually in an area not readily accessible 

to scientific investigators. Too often the specimen's condition is too 

poor due to battering by wave action and decay, to allow any extensive 

morphological examination. The soft-bodied nature of the architeuthids 

limits the number of hard parts, e.g. , sucker rings,_ gladius, mandibles 

and radula, available for examination. Considering the radular teeth 

illustrated in Plates 28-30 and Plate 57, the number of speci~s 

represented becomes slightly confusing. Again, taking into account 

artistic liberties and liabilities, we must consider the differences 

in teeth sho\m from various locations on the radular ribbon (Plate 

28, Figure 2 a and b; Plate 29, Figure 2 a and b). Radular teeth 

on the anteriormost portion of the radular ribbon are smaller, often 

broken.and show signs of wear (blunted or rounded tooth cusps). Those 

teeth on the posteriormost portion of the radular ribbon (enclosed in 

the radular sac) or the area of odontogenesis (Plate 59, Figure 1), are 

d Ho\·•ever, the teeth more anterior or somewhat not yet completely forme . • 

removed from the area of odontogenesis and region of tooth development, 

but still enclosed within the radular sac are probably the best to use 

for diagnostic purposes. 
This is the problem with all the architeuthid 

illustrations in that the drawi_ngs indicate no definite location· 
When 
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preparing the archi teuthid radulae for phot.ography, only two complete 

specimens were available and these were extremely difficult to handle 

and clean due to their l~ng inunersion in alcohol. The radular ribbons 

were so thick m1d brittle tha~ great care had to be taken to prevent 

splitting and loss of teeth, even then I was not completely successful 

or satisfied with the results. 

Putti.ng aside illustration inequalities, we shall examine what 

can be said about the radular teeth differences of the architeuthids 

illustrated here. The radular teeth of ~chiteuth£6 h~veyi (Plate 28, 

Figures 1 and 2) closely resemble those of the architeuthid specimen 

from Lance Cove (Plate 57, A). The radular teeth of ~chiteut~ 

sp. (Plate 28, Figure 3), after Frost (1934) seem to resemble those of 

the Chapel Arm specimen (Plate 57, B) and those of the SNeet Bay 

specimen (Plate 57, D), but do not show any appreciable similarity to 

those of A. ~veyi (Plate 28, Figures 1 and 2). The illustrations of 

teeth from Frost's (1935) second specimen of ~chlteuth£6 sp. (Plate .29, 

Figure 1 a and b) appear to resemble the radular teeth of the Springdale 

specimen · (Plate 57, E) but the illustration (after Frost, 1935) shO\~S 

too little detail to be of real value. It is interesting to note here 

that the architeuthids so far considered are all from the waters around 

Newfoundland. 

The unidentified architeuthid of Mitsukuri and Ikeda (1895) 

(Plate 29, Figure 2 a and b) doesn't resemble the Newfoundland specimens 

as much ·as it does A • . Phy.&e;teJcM (Plate 30, Figure 1). The marginal 

,, 
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plates differ appreciably, hO\'Iever, between these two specimens, or at 

least they are so illustrated. 

The illustration of the radular teeth of A. phy4etenl6 (Plate 

30, Figure 1) shows some similarity to the specimens from Lance Cove 

(Plate 57 J A) and S\'leet Bay (Plate 57, D). However, the slenderness of 

the inner and outer marginal teeth of A. phy.6etenl6 emphasizes their 

dissimilarity. 

~chit~ longimanu-6 (Plate 30, ~igure 2) appears to display 

blunted or broken tooth cusps on the rachidian tooth and both lateral 

teeth. It may be the fault of the illustration, but I cannot see any 

great similarity between this species of Kirk (1888) and any others 

figured here. HO\'Iever, the teeth Qf A. cl.aJtk.ei (Plate 30, Figure 3 a 

and b) and those of A. phy.6et~ (Plate 30, Figure 1) show some similarity 

between rachidian and lateral teeth. The illustration of A. claJr.k.u with 

its extremely curved outer marginal tooth (Plate 30, Figure 3b) would 

apparently rule out the similarity but only if a lateral view of the 

outer marginal tooth of A. phy.6et~ were shO\m to be dissimilar, and 

such an . illustration is lack~ng. 

The photographs of the radular teeth of recent Newfoundland 

specimens of architeuthids appear to confuse the situation. Whereas 

Aldrich (1968) and Aldrich and Aldrich (1968) considered ali their specimens 

as A. dux Steenstrup 1857, the evidence from this comparative study of 

the configuration of the radular teeth \'lould seem to disfavour this 

contention. As noted earlier, it is difficult to reconcile all specimens 

• j 
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as having a uniform radular con~iguration. Aldrich (1968) based 

his unispecific theory on the basis of the lack of a series of 

diagnostic meristic characters on which the several species had been 

established. The failure of the characters \\'hich were used (i.e., 

head-mantle l~ngth ratio and caudal fin configuration) further supported 

his contention. However, the evidence from the radular apparatus study 

cannot support this interpretation of the five specimens at this time. 

External features of an .animal species may ch~nge at a rat~ greater 

than that of hard internal structures, indicati.ng that such characters 

may prove to be of more taxonomic value than are the more readily 

changed soft parts. 

At any rate, the Newfoundland architeuthids apparently demonstrate 

radular types reminiscent of other local species, namely, A. ~vey~ 

(Lance Cove) specimen; M.c.hU:.eu.thi6 sp. from Dildo, Trinity Bay, 1933 

(Frost, 1934), (Chapel Arm and s,~eet Bay specimens); M.c.IU;t.e.uth.<A sp. 

from Harbour Main, Conception Bay, 1935 (Frost, 1935) (Springdale specimen). 

The specimen from Wild Cove (Plate 57, C) appears unique in many 

respec~s. It must be pointed out that the similarities noted here are 

consistently within specimens of species reported earlier from North 

Atlantic waters, of which four are generally agreed upon, i.e. A. hanvey~, 

A. p!Unc.ep.&, A. ci.altkel and A. dux (Stephen, 1962; Aldricl~, 1968). The 

similarities between individual tooth-types with those of some of the 

other of the twelve recognized species (Stephen, 1962) have been also 

indicated. I feel that it should be stated here that only the procurement 

of more specimens i1~ good condition and a re-examination of the radular 

J 
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teeth and ma.rginal plates of' the already identified architeuthids 

may bring some semblance of order to this situation. 

The width of the rachidian teeth varied appreciably between the 

specimens of Ne\'lfoundland architeuthids. These measurements are listed 

in Table 10. 

The two complete radular ribbons from architeuthids came from 

those from Lance Cove and S\'leet Bay. The I:.ance Cove radula measured 59 mm 

. in length and of the 94 rows, 14 rachidian teeth were. greater than 1 mm in 

width. The other complete one, measur.ing 56 mm in length, from Sweet Bay, 

had no rachidian teeth measuri.ng more than 1 nun in width. 

With respect to the incomplete radular ribbons, the same was true 

for the specimen from Chapel Arm, in that no rachidian tooth exceeded 1 mm 

in width. The. greatest rachidian tooth width is seen to occur in the Wild 

Cove specimen (1.254 nun). This specimen, although incomplete, provided a 

radu~ar ribbon of 89 rows of teeth, of which 28 rachidian ·teeth measured 

over 1 mrn. Consisting of only 54 ro\'IS of teeth and several of them 

partial ro\'IS, the incomplete ribbon from the Springdale specimen possessed 

19 rachidian teeth greater than 1 mm in width. The greatest rachidian 

tooth width was 1.221 mm. It is considered ~ignificant that the rachidian 

teeth of the Wild Cove specimen (mantle length: 106.7 em) were of the 

same size (width) as were those of the specimen from Springdale which 

was the l~rgest (mantle length: 161.0 em) of the five specimens· 

j • ... ,, ,. 
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Further, with r.ega1·d to size, it is surprisi.ng to see that 

an individl\al specimen \dth a mantle length of 126.5 em (Lance Cove) 

possesses a radular·ribbon 59 mm in length and 11 rnm in width. The 

larger of the two specimens with a complete radular ribbon (Sweet Bay) 

had a mantle le.ngth of 142.2 em while the radular ribbon measured 56 nun 

in length and 11 mm in width. The difference in le.ngth of 3 nun cannot 

really be considered significant, if only due to the difficulties in 

handling and preparation noted earlier. These complete radular ribbons 

are relatively small when compared to .that described by Verrill for a 

specimen of A. monac.hu..6 Steenstrup. of· uncertain mantle le.ngth, namely, 

70 mm in length and 12 rnm in width (Tryon, 1879). 

The measurements of mantle le.ngth and complete radular ribbon 

length show a ratio of 1:21.44 (Lance Cove specimen) and 1:25.39 (Sweet 

Bay specimen). For smaller .species of squid different ratios exist. For 

the two specimens of Toda.Jr.ode.& httg~ (Table 17) ratios of 1:11.53 

and 1: 12.17 were computed. Taking data for the 1. L illeceblto.6u.6 of 

greatest radular length (Tables 12 and 15) the ratio is 1:22.91 while 

for the specimen with the minimum mantle length a ratio of 1:24.77 

applied. It is evident that the architeuthids possess a small radular 

app~ratus in relation to thei~ great overall size. Unfortunately, 

Iwai (1956) gives n~ information on the radula of an architeuthid he 

concluded was a young specimen of A. japonlca. 

As I noted earlier, the teeth of the five specimens differed 

in some respects, yet \'le1·e similar in others· 
One of the more interest~ng 
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and· perhaps significant differences was the translucent "cap" portion 

of the rachidian and lateral teeth of the Lance Cove specimen, seen nO\'lhere 

else nor figured by any of the e"arlier \'lorkers. Histological preparation 

of future specimens properly preserved may indicate the s.ignificance of 

this difference. 

After all this comparison with what are we left? Are these 

architeuthids one species sho\'li.ng individual variations, or five species 

morphologically similar? I cannot make any definite statement to either 

effect on the basis of a five specimen sample, \\'hich included only two 

completely intact radular ribbons. The ~~ggested similarities between 

these specimens from Ne\'lfoundland waters, may be significant but further 

study and a greater number of samples may answer the questions raised 

here. 

ji ,, 
I 
I 

I 
I 

l 
\ 

I 

.l 

..) . i 



-222-

Ommastrephids 

The Family Ommastrephidae was exemplified in this study by 

representatives of five genera, of which there \'lere six species, namely, 

1U..ex illecebJt.o.&U6 Ui.ec.eblto.&U6, 1. L c.o.lnde;tU, 1. L all.gentinU6, 

T odaJLop.&.l-6 ebla.tute, T odaJt.odu .&ag.i:tto.tu.6, <ArmMbr.ephu baJI:tJt.ami., o. 
ptelt.opU6, and OJUU:thoteu.:tfviA a.n.tUe.altw11. 

Of the on~astrephids illustrated herein, all are characterized 

by prominently developed -tricuspid rachidian teeth, in which the mesocone 

is appreciably taller than are the ectocones. A striki_ng feature of 

this group is the el~ngation characteristic of all the teeth, particularly 

in the unicuspidate inner and outer marginals and the major cusp of the 

bicuspidate laterals, as well as the mesocone of the rachidians. 

The only exception to this is found in the rachidian teeth of 

the members of the_ genus 01'rmM.:tJt.ephu, in which the cusps of the rachidian 

teeth are shown by Verrill (1880) and Naef (1923) to be of a more uniform 

h~ight (Plate 40, ~igures 2, 3, 4). Similarly, Verrill (1880) represents 

the inner and outer marginals ·as bei.ng slightly taller than the ·lateral 

or rachidian teeth in 0. ptelt.opU6. The drawings of Verrill and Naef 

referred to above represent the only striki.ng departures from what appears 

to be a uniform similarity throughout the o~unastrephids examined. 

In general, ommastrephids are easily identifiable on the basi s 

of their radular apparatus. TodaJtode.& .&a.gi.;tt.a;tu6 is immediately 
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identifiable by tl1e bicuspidate state of the inner marginal teeth and 

well developed marginal plates. Marginal plates were uniformly present 

and well developed in the examined specimens of TodaJLop.&.U and Todcvwdu. 

TodaAop~~ differs from the only other genus in the Subfamily Illicinae 

(the genus Ittex) in that marginal plates are consistently present in 

the former but only sporadically present in the latter. Apparently 

marginal plates are absent in O~nithoteuthi4. Naef (1923) figure~ 

marginal plates in 0. b~ (Plate 40, Figure 4) while Verrill (1880) 

fails t: ·' :dicate their presence in either 0. pteJtopcu, or 0. ba.Jt.-tJr..ami. 

(Plate 40, Figures 2 and 3). 

The Genus IUex 

Currently, three subspecies of the monotypic genus 1llex, are 

recognl.zed (1. L ill.ec.eMolll14, 1 • .i. c.o.inde-tU, and 1. L aJtge.nt.iY!U6) ~ 

The radular teeth as mentioned previously all exhibit a striking 

similarity in their morphology so as to make specific determinations 

almost impossible. The similarities are probably best seen in Plates 

55 and 56 where similar portions (specifically rm'IS 11-20 in both male 

and f~male) are compared in I. i. i!lec.eb~ol!CL6 and 1 . .i. c.oinde-tU, 

respectively. Sfight differences exist in the configuration of the 

marginal plates, where present, in the three subspecies (Plate 54). 

However, their sporadic occurrence eliminates their value as a taxonomic 

character. 

There are, how.ever, as previously stated, exhibited differences 

in the morphometric relationships between 1. L ill.ec.ebJtohU-6 and 1. L 

c.o.indetil, (Figures 1-4). 
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From data presented in Table 15, the ratio of radular length of 

mantle length was computed for specimens of 1. ~. ~eceb~o4~, 1. ~. 

co~ndetii and I. ~. ~gentinU4 of uniform mantle length. Ratios of 

1:2.47 (for I. i. itlece~o4U4), 1:1.24 (for 1. ~. co~ndetii) and 

1:1.66 (for I. i. ~gentinU4), respectively, were computed. 

It is, of course, umdse to base too much importance on a single 

specimen of a given form, but since these specimens were alike in size, 

they did afford the opportunity to make observations of the variance in 

radular length among the three forms. The three specimens were also of 

the same sex. The Newfoundland form held the smallest radula, as 

compared to mantle length, with 1. ~. co~ndetil from the Mediterranean 

having the largest. The South American form, 1. ~. angentlnU4 had a 

radula intermediate in comparative size between the two. 

Mangold, Lu and Aldrich (1969) speak of the Argentinian form 

being intermediate between the other two subspecies with respect to 

other characteristics, with particular reference to features 

incorporati.ng cephalic structures and the brachial apparatus· It may 

be that this is a correct interpretation of 1. ~. angentlnU4, since 

the radular morphometry further supports this. Unfortunately, not only 

was a small (three) sample avail~ble to me, but very little detailed 

information on this form exists at present in the l i teratur.e · 

; · ,, 
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In the case of · 1. L ill.ece.b!Lo.&M, it can be seen that the 

length and w~dth of the radular ribbon increases as the mantle length 

increases, at a rate less than that of 1. L coindetU. (Figure la and b 
. ' 

Figure 2a and b)· Although the sample sizes were not sufficient to 

warrant extensive statistical analyses, it is s_uggested by the data that 

the growth in length of the radular ribbon of 1. L coindetU. shows a 

greater rate of increase than that characterized in r . .[. il!ece.b!Lo.6~. 

It may be possible, therefore, to use radular l~ngth as one more 

characteristic on which to base subspecies identification, over the size 

range indicated. 

By the use of computed indices (~igures 3 and 4) it is possible 

to attain almost complete separation of these two subspecies on the basis 

of radular morphometry. A more detailed study involvi_ng not only 111;rger 

and more extensive samples, but also employin,g measurements of all tooth 

types, would, in my opinion, aid considerably in amass~ng information and 

criteria whereby the true relationship between these taxa ~ight be 

established. 

· Not all Twentieth Century workers have accepted the subspecies 

concept as applied to the genus !Uex. I contend that morphological and 

morphometric studies of the radulat· apparatus should be further exploited 

as a possible means in reveali_ng the true relationships within this group. 

I believe it is a safe assumption that a species may evolve 

without the occurrence o~ great structural modification. 
If 1. L 

itteceb!L0.6Uh, z . .[. coindetli and r . .[. angentinu6 prove in the future 

d Serlo ously affect the interpretation 
to be three separate species, it oes not 

:: .. 
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here presented of the basic similarity or near identity of the 

radular ribbons of . these three forms. This situation may reflect 

r,othing more than the fact that the genus is only recently evolved or 

is even now in a stage of evolution not yet affecting radular configuration. 

Such infrasubspecific variations as seen in Plate 58 (Figures 1, 

2 and 3) for I. ~. itteeeb~oh~ may be .due to a number of factors, 

including genetic variation, age or growth. The three specimens 

represented in this plate are from a restricted size r~nge an~ ge_ographic 

area and it is inferred that they are of the same _ag~ group. Perhaps of 

greatest significance is the situation seen in ~igure 1, where a 

tricuspid condition of the lateral teeth is found. It is thro_ugh plotti_ng 

such individual variations in the radular teeth that we may be afforded 

the opportunity to observe the evolutionary processes, which I have 

just discussed. 

Mangold, Lu and Aldrich (1969) have established that morphometric 

sexual dimorphism is characteristic of 1. L eo.i.nde;tli and lacking in 

I. ~ . .iUeeebJr.oh~. Again, referring to Figure lb and Figure 2a, it 

· becomes apparent that the male of 1. ~. co.i.nde;tli exhibits a more rapid 

rate 0~ growth in l~ngth of the radula than does the female of 

· ( · 2 d F' ure 4c) This .distinction correspond1ng mantle length F1gure a an _J.g · 

between sexes is not evident ·in .I.~ . .<.tteceb~ohU6 (~igure . lb and Figure 

3c), which supports data presented by the aforementioned authors· 

' · 
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An examination of the sectionalized radular ribbon of 

1 • .i. Ui.ec.ebJr.o.6u.6 (Plate 53) shm'ls in Section A the region of tooth 

formation and development. In this region it can be seen that the 

newly formed teeth do not stain darkly, are narrow in width, and the 

curved or "wavy" tooth cusps indicate their soft or flexible condition. 

The teeth in rows A-6 to B-13 inclusive stain progressively lighter the 

. greater their distance from the growing edge of the radular ribbon· and 

the increase in their width is readily apparent. The teeth in rows 

B-14 to approximately C-25 are enclosed in the radular sac and are 

characterized by their high ~egree of cusp acuteness. 

At this point it can be seen that the radular ribbon narrows 

and it is here, in this particular specimen, that the ribbon leaves the 

radular sac and curves over the muscular prominence \'lhich rises from the · 

floor of the mouth. From this point to the anteriormost end of the 

radular ribbon the teeth are exposed in the buccal cavity and subject to 

use, accounti.ng for their blunter cusps. 

The ribbon narrows perceptibly from posterior (A) to anterior 

(D). The teeth are smaller in Section A, which supports the data of 

Nixon (1968) that as the animal increases in size the radular ribbon 

increases in le_ngth, width and the radular teeth are correspondingly 

larger. This same situation is seen in the radular ribbon .of the larval 

Ro-6.6~ sp. (Plates 12 a and b). The anteriormost portion of the radular 

ribbon is smaller, as are the teeth, since this area \\'aS formed first 

when the larva \'las smaller. It cannot be considered that these smaller 
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teeth are a result of wear as this larva was taken from \\'hat 

remained of the egg membranes and therefore had not commenced feeding. 

A Note on Phylogeny 

There are many viel'lpoints concerning the interpretation of. the 

cephalopod radula \'lith regard to a particular t)rpe being either primitive 

or advanced. As stated earlier, Robson (1932) was of the belief that the 

homodont or unicuspidate condition characterized by Angono.uta and the 

sepioids was the primitive condition for both the Octopoda and Teuthida. 

Brock (1880) may be cited as a representative of the opposite viel~oint, 

namely, that the heterodont condition seen in th~ genus Oc.y:thve. and the 

ommastrephids was, in fact, a more primitive state of development. All 

of this conjecture \'las in the absnece of firsthand information on the 

configurat-ion of the radula of extinct forms. It was not until 1967 that· 

Lehmann published on the fossilized radula of an ammonite. For the first 

time, long-needed information was provided to cast its light upon this 

subject. · The radular teeth of Elega.ttti.c.eJc.a..6 ele.ga.ntu.lum were found to 

be heterodont (Text Figure 1, page 21). This would indicate that 

early in the evolution of cephalopods the heterodont condition was well 

established tending to favour Brock. Certainly not enough information 

exists to settle this matter one way or the other. It must be realized, 

how~ver, that a so-called primitive animal need not be considered primitive 

in all characteristics. Although a "homodont" dentition may be considered 

simple it need not be primitive and may represent a high degree of 

· h h as 1· s the case in the ma.rginal teeth specialization in some of t e teet 

of Na.~ pom~ (Plate 7). 

,, 
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This whole area of discussion needs further information with 

respect to the function of the radula of the different species. It is 

possible that, given the necessary information, to use the morphology 

of the radular apparatus as an aid in taxonomy even to the species level. 

G. C. Robson (1932) stated that "the morphol_ogy of the cephalopod 

radula is a difficult question". In addition, it is an important and 

most interesting one. 
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CONCLUSIONS 

1. The configuration of the radular apparatus has been considered 

to be of taxonomic importance in all classes of molluscs. 

2. While the general morphology of the radular apparatus among 

Coleoids is essentially similar, the variations in radular teeth 

between taxonomic groups, even to species level, are to a degree 

sufficient to be useful as a taxonomic character. 

3. Since this has been found to be true, a valid and detailed 

description of the radula of any species is a desired and necessary 

part of the description of the species. 

4. The function of the radular apparatus of Coleoids is to aid in 

the S\"allowing of f9od, while in Octopods the function is a more 

direct and active one, namely, in shell boring in feeding. 

s . . Both the radular ribbon and the radular teeth grow continually at 

the posterior end of the ribbon. In this way the radula not only 

grows in size but also teeth lost or worn through usage are 

replaced. 

6. The radular ribbon and radular teeth in~rease in size as the 

individual animal increases in mantle length. 

7. Only radular teeth located on that portion of the radular ribbon 

within the radular sac should be used as a taxonomic character. 
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Rows 15 through 20 are particularly desirable as they are well 

developed and unused. The anteriormost teeth on the radular 

ribbon are blunted and broken through use and therefore these 

are of little taxonomic value. 

8. Newfoundland architeuthid radular teeth herein illustrated exhibit 

general similarities, however, individual differences among the 

five specimens examined outweigh the basic similarities. Doubt 

is cast on the earlier assumption that the five specimens are; 

all of one morphologically similar species. HmoJever, current and 

earlier Newfoundland specimens (1870's and 1930's) have similar 

radular teeth and demonstrate little similarity to those of 

eastern Atlantic origin. 

9. The three subspecies of the ornmastrephid Ztlix i~eeceb40¢U6 have 

a radular configuration similar in all three and it is not 

possible to separate them on the basis of radular morphology or 

tooth configuration. It i~ possible, however, to separate these 

forms on the basis of morphometric analyses of the radulae. 

10. Apparently, radulae are sexually dimorphic i n I.U.ex i. C.obtde.:tU, 

which .is not the case with respect to the Newfoundland form . 

.·. 
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