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This volume is dedicated with gratitude and honor to Professor Gilbert L. Voss (1918-1989), a leading figure in
cephalopod systematics and biology for nearly 40 years. In the early 1950s Dr. Voss intended to conduct research
on larval and juvenile cephalopods of the Florida Current, but he was forced to abandon the project because even
the adults from the Gulf of Mexico and the Caribbean Sea were mostly unknown. This was a world-wide problem
and only by the mid 1980s was faunal knowledge sufficiently improved to attempt a compilation about larval
cephalopods on a world-wide basis. This volume, in no small part, represents the tremendous contributions Gil
Voss has made to cephalopod systematics and distribution.



Preface

This manual results from an intensive international workshop and subsequent efforts by
most participants. The following summary (adapted from Roper, 1985:94, 95) provides
readers with the historical perspective and organizational context from which this
collaborative volume emerged.

The concept of establishing an international body of cephalopod specialists to assess and
encourage the direction and needs of cephalopod research was introduced and accepted at
the International Workshop on the Biology and Resource Potential of Cephalopods, held
in Melbourne, Australia, in March 1981. Shortly thereafter, during the workshop on
cephalopod beaks from predator stomachs, which was held at the Marine Biological
Laboratory, Plymouth, England, in June 1981, the charter members of the new
organization convened a working group to develop the organizational structure for the
Cephalopod International Advisory Council (CIAC). The Charter Committee then met at
Laboratoire Arago, Banyuls-sur-Mer, France, in September 1983 to formally accept the
charter and resolutions and to elect the first regular council members. The membership of
CIAC consists of 18 internationally recognized scientists who specialize in research on
cephalopods. Membership is on a rotating basis in order to maintain stability and direction
and at the same time to provide opportunity for participation from as broad a spectrum of
cephalopod research interests and geographical representation as possible. The objectives
of CIAC are (1) to stimulate and to influence scholarly research on cephalopods from an
international perspective, (2) to provide information, advice, and assistance on all aspects
of cephalopod biology, including those associated with the development and management
of cephalopod fisheries resources, and (3) to disseminate information on past and current
cephalopod research. To achieve these objectives CIAC will monitor and review the
current status of research on cephalopods on a worldwide basis to provide an overview of
results, directions, trends, needs, and problems. This will be accomplished through
organization and sponsorship of international workshops, symposia, and training courses;
production of handbooks, computerized cross-indexed bibliographies, review papers, and
a periodic newsletter on living cephalopods; maintenance of a list of experts available as
consultants to any individual, organization, or government requiring information, advice,
and assistance on any aspect of cephalopod biology and fisheries.

The Cephalopod International Advisory Council is affiliated with the International
Council of Scientific Union's International Association of Biological Oceanography
(IABO), sponsored through UNESCO. Further, the CIAC charter provides for a
representative of the Food and Agriculture Organization of the United Nations to serve as
a permanent observer on the Council.

The establishment of CIAC by working scientists as a recognized international
organization has enabled the rapid implementation of objectives. For example, as a result
of a written survey of many cephalopod scientists from around the world, CIAC concluded
that the single most urgent problem facing cephalopod researchers is the inability to
identify "larval" and early juvenile stages of cephalopods. Here was a clearly recognized
need to which CIAC was able to respond by organizing and sponsoring an international
workshop and symposium held in June 1985, at Laboratoire Arago, Banyuls-sur-Mer,
France. The results of the symposium have been published in a special volume: Mangold,
K. and S. v. Boletzky, editors, 1985. The Biology and Distribution of Early Juvenile
Cephalopods. Vie et Milieu, 35:137-302.

Since the beginning of studies on cephalopods, the identification of virtually all stages
of young and juvenile forms has been confusing and problematic; the inability to identify
the young stages has created a serious impediment to progress of research in cephalopod
ecology, systematics, and fisheries. This is especially the case for species that constitute

vn
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the huge biomass upon which the major fisheries are based, and includes the numerous
species of Loligo, the adults of which provide the giant nerve axons used in biomedical
research. In recognition of the urgent need for new perspectives of identification, the
workshop included scientists from a variety of diciplines such as comparative morphology,
systematics, and behavior.

The specific aims of the workshop were to (1) develop and refine standardized methods
of identifying "larval" and early juvenile growth stages of cephalopods to the generic or
species level, (2) report current research on various aspects of biology of early growth
stages of cephalopods, especially concerning identification, distribution, abundance,
ecology, behavior, and prey-predator relationships, (3) formulate future research directions
based upon a worldwide view of cephalopod resources available for basic and applied
research, (4) discuss future workshops and collaborative programs based upon needs and
views of the workshop participants, and (5) publish a handbook resulting from the findings
of the workshop.



Larval" and Juvenile Cephalopods:
A Manual for Their Identification

Michael J. Sweeney, Clyde F.E. Roper, Katharina M. Mangold,
Malcolm R. Clarke, and Sigurd v. Boletzky

EDITORS

Introduction

This manual represents the product of a workshop organized
by the Cephalopod International Advisory Council (CIAC)
held at Laboratoire Arago, Banyuls-sur-Mer, France, 17-28
June 1985. During the workshop 35 participants (see Appen-
dix) from 11 countries examined a large collection of young
cephalopods brought from all seas and oceans in order to
assemble and advance our knowledge of "larval" and juvenile
forms. The activity at the workshop and subsequent work by
participants on the literature and additional specimens have
resulted in this publication, which represents the present state
of knowledge on the taxonomy of young cephalopods. The
extent that advances in knowledge proved possible depended
upon the amount of material available to the workshop
participants and varied from family to family. Young forms are
still not known for many species and for some entire families;
in such cases the adult features are described so that when
material becomes available, young forms may be recognized by
tracing characters from larger to smaller individuals. Previ-
ously, few detailed studies have been made relating "larvae" to
adults. The assembly of information below is meant to aid and
stimulate future work as well as provide a reliable source in
itself.

One of the early controversies that arose at the workshop
concerned the validity and usefulness of the term "larva." As a

Michael J. Sweeney and Clyde F.E. Roper, Department of Invertebrate
Zoology, National Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C. 20560, USA. Katharina M. Mangold and
Sigurd v. Boletzky, CNJI.S., Laboratoire Arago, 66650 Banyuls-sur-
Mer, France. Malcolm R. Clarke, Ridge Court, Court Road, Newton
Ferrers, Plymouth PL8 1DD, England.
This paper was reviewed by Dr. Robert Robertson, Department of
Malacology, Academy of Natural Sciences of Philadelphia.

result, the problem was examined in detail by Young and
Harman (1988). They concluded that a valid argument can be
made for the use of the term if the precedent set by fish
terminology is accepted. However, when applied to cephalo-
pods in general, the term "larva" would necessitate the
broadening of an already abused concept and would be
operationally undefinable. They proposed a new term "para-
larva" for the planktonic young of cephalopods that meet
certain ecological, and in some cases, morphological criteria.
Because "paralarva" is based, at least partially, on ecological
criteria, it would not compete with the developmental terms
"larva" or "juvenile." Technically, a young cephalopod can be
both a larva and a paralarva, or a juvenile and a paralarva. The
term, as presented, fills a clear need in our present terminology.

Young and Harman (1988:202) defined paralarva as "a
cephalopod of the first post-hatching growth stage that is
pelagic in near-surface waters during the day and that has a
distinctly different mode-of-life from that of older conspecific
individuals." These authors also redefined "juvenile" as the
developmental stage between hatching and the subadult stage,
or if "larva" is applied as the post-hatching developmental
stage in certain groups (e.g., Cranchiidae), the "juvenile" is
defined as the stage between the larval and subadult stages. In
the latter case, the criteria that separate these stages are
undefined. The term "subadult" defines the stage between the
juvenile and the adult stages. The subadult stage commences
with the full attainment of morphological features used to
define the species other than those relating to size and sex, and
terminates with the attainment of sexual maturity.

This terminology was not available at the time manuscripts
were written for the present manual. As a result, contributors
have used terms of their choice.
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Although each family has been compiled largely by the
author(s) listed, other workshop participants frequently were
involved (see Appendix 2); a few workers who had special
knowledge but were unable to attend the workshop (e.g., Dr. T.
Okutani) were consulted afterward, and the editors are
particularly grateful for their help.

Spawn and mature eggs are known for only a few neritic
species and for an even fewer number of oceanic species. In
cases where no references are made in the text, it can be
assumed that the eggs are unknown.

In comparing very young forms it is desirable that the size is
recorded at which the acquisition of adult features or the
disappearance of "larval" features takes place. This is not
always possible in rare species where size-graded series of
specimens are not available. In many cases, we quote a size at
which a feature is present or absent as a guide to the
identification, but often further material is required to establish
a more precise mantle length at which a change occurs. Thus,
for example, if our smallest specimen is 30 mm in mantle
length and we record a photophore at that length, we do not
exclude the possibility that the organ actually will be
recognizable at 10 mm mantle length.

Not all known species in some families are included in the
text, because' their young forms are undescribed. Investigators
working on poorly studied faunas should be aware that these
species may not be identifiable using this manual. Also,
"group" is used with a taxon in a heading if there are probably
multiple taxa involved.

The standard size of all cephalopods is expressed as the
dorsal mantle length (ML) or occasionally as the gladius (pen)
length (GL) in mm. In a few oceanic squids (e.g., Chiroteuthi-
dae) the mantle is drawn out into a filiform extension
containing little but the posterior portion of the gladius. In these
forms mantle length is measured from the anterior mantle edge
to the posterior level of the fins. In octopods, in which the
dorsal mantle edge is not distinct, mantle length is taken from

between the middle of the eyes to the posterior end of the
mantle.

Although the literature cited is not comprehensive, it is
sufficient to give anyone identifying young cephalopods a firm
and expanded background for using the manual. We recom-
mend consulting the literature quoted before publishing any
identifications. Literature citations for each order or family can
be found at the end of that section.

In this manual, each section (as defined by authorship)
begins on a new recto page. This format is used to facilitate the
creation of reprints by each group of authors.

The editors would be grateful for receiving corrections or
additions to the manual from users if their knowledge or
research can enhance the value of future editions. Copies of
appropriate reprints or references concerning this information
would be most appreciated.

All contributions to this volume have been subjected to
critical review by a minimum of four specialists. Their
criticisms, suggestions, and contributions are greatly appreci-
ated.

ACKNOWLEDGMENTS.—The editors wish to express their
warm thanks to everyone who worked to produce this
handbook with a minimum of delay, especially the workshop
participants and the specialists who were subsequently con-
sulted. The great kindness and hospitality of the directors and
staff of Laboratoire Arago at Banyuls-sur-Mer, France, during
the workshop and compilation of the text is gratefully
acknowledged. The lengthy typing of portions of the manu-
script by J. Rembert is very much appreciated.

We are most appreciative of the financial support for the
workshop extended by the Fisheries Resources and Environ-
ment Division, Food and Agriculture Organisation (FAO),
Rome; the Programme Interdisciplinaire de Recherche en
Oceanographie (PIROcean), Paris; and the Institut Francais de
Recherche pour TExploitation de la Mer (IFREMER), Paris.



Glossary of Terms
(Adapted from Roper, Sweeney, and Nauen (1984) with inclusion of additional terms.)

Antitragus = A small knob-like cartilaginous projection from
the posterior wall of the funnel locking-cartilage in
some families (e.g., Chiroteuthidae, Mastigoteuthi-
dae). See Tragus.

Arms = The eight circumoral appendages in adults of coleoid
cephalopods. (One pair of modified appendages called
"tentacles" lies between the ventral and ventrolateral
arms in the "decapodous" Sepioidea and Teuthoidea;
one pair of modified, greatly reduced appendages,
called retractile filaments, lies between the dorsal and
dorsolateral arms in Vampyromorpha.)

Arm crown = Inclusive term encompassing all circumoral
appendages (arms, tentacles). See Circumoral append-
ages.

Arm-crown stalk = An elongation of the head between the eyes
and the arm crown. Common in many "larval" and
juvenile squids (e.g., Brachioteuthidae, Chiroteuthi-
dae, Cranchiidae). Sometimes referred to as arm-
crown pillar.

Band = Unbroken transverse line or series of chromatophores,
may be simple or complex.

Bar = Short transverse line of chromatophores that represents
broken or interrupted bands.

Buccal connectives = Muscular rods that connect the supports
of the buccal membrane to the bases of the arms
(Figure 1).

Buccal lappet = Small, subtriangular flap formed by the tip of
the buccal membrane support and the adjoining buccal
membrane; may bear suckers (Figure 1).

Buccal membrane = Thin web of tissue that encircles the
mouth, reinforced by six to eight buccal supports
(Figure 1).

Buccal membrane supports = Longitudinal muscular rods fused
with the buccal membrane (Figure 1).

Buccal suckers = Small suckers on the buccal lappets/
membrane (Figure 1).

Bullet-shape = Refers to posteriorly blunt, rounded, rather
broad body (mantle) form common in "larval" cepha-
lopods.

Calamus = The conical papilla or projection on the hectocoty-
lus of octopods at the distal terminus of the sperm
groove, distal to the last sucker and proximal to the
ligula (Figure 2). See Ligula.

Calcified = Refers to incorporation of calcium carbonate in the
organic matrix of shells of some Sepioidea (e.g.,
Spirula, Sepia). (All cephalopods have calcified
statoliths in the statocysts.)

Carpal cluster (Carpal pad) = A usually distinct group of
suckers and knobs on the carpus of the tentacular club
(Figure 3).

Carpal knobs = Small, rounded, hemispherical protuberances
on the carpus to which carpal suckers from the
opposite club adhere during the locking of the clubs
(Figure 3).

Carpal suckers = Small suckers on the carpus of the club that
usually adhere to knobs on the opposite carpus during
the locking of the clubs (Figure 3).

Carpus = The proximal zone of suckers and/or knobs on the
tentacular club (Figure 3).

Cartilage (-inous) = A solid concentration of connective
tissue-derived material occurring in funnnel-mantle
locking apparatus, nuchal attachment, integumental
"scales," cranium, etc.

Chitin = A mucopolysaccharide substance that forms the
sucker rings, hooks, beaks, and gladii.

Chitinous = A generalized term for some hard structures in
cephalopods that may contain chitin.

Chromatophore = Organs consisting of pigment-filled sacs
with associated muscles and nerves that provide much
of the background color, color patterns, and pattern
changes of cephalopods.

Chromatophore, Extrategumental = The larval chromatophores
located well beneath the integument.

Chromatophore fields = Suites of chromatophores that produce
species-specific patterns in discrete regions of the
body, namely arm, arm base, head, eye, mantle,
viscera, and funnel.

Chromatophore, Tegumental = The chromatophores located in
or near the surface integument.

Circumoral appendages = The eight arms (squids, cuttlefishes,
and octopuses) and two tentacles (squids and cuttle-
fishes) or the very numerous tentacles (Nautilus) that
arise from the head and encircle the mouth of
cephalopods (Figure 1).

Cirri = Arm: Elongate, fleshy tendrils along the lateral edges of
the oral surface of the arms, especially in cirrate
octopods (Figure 2366).
Body: Fleshy protuberances of skin that can be erected
as papillae, usually dorsal to the eyes (Figure 253a).

Club = See Tentacular club.
Complex band or Stripe = A single irregular or multiple series

of chromatophores forming a thick but distinct line.
Cone, conus = The spoon-like or cup-like conical posterior

terminus of the gladius or cuttlebone; homologous to
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buccallappet

buccal
membrane

buccal connective
(dorsally attached)

stalk of
club

keel

carpal knob
carpal sucker

arm I (dorsal)

arm II

arm HI

ligula calamus sucker

buccalsuckers

buccal connective
(ventrally attached) sperm groove

arm IV (ventral)

rachis

hooks

protective
membrane

carpal cluster

FIGURES 1-4.—1, Arm crown (teuthoid). 2, Hectocotylus (ocopod). 3, Tentacular club (teuthoid). 4, Gladii
(teuthoid). (From Roper et al., 1984.)

the phragmacone of fossil teuthoids (Figure 4).
Comeal membrane = The very thin, turgid, transparent

membrane that covers the eyes of myopsid and sepioid
cephalopods (Figure 5).

Cuttlebone = The calcareous, oblong, supporting plate in the
dorsal part of the mantle of cuttlefishes (Figure 6).

Dactylus = The distal, terminal section of the tentacular club,
often characterized by suckers of reduced size (Figure
5).

Diagonals = Short lines oriented at angles oblique to bands
(bars) and stripes (streaks).

Fins = The muscular flaps that arise along the lateral or
dorsolateral surfaces of the mantle of sepioids,

teuthoids, vampyromorphs, and cirrate octopods; used
for locomotion, steering, and stabilization (Figure 5).

Fin lobe = The portion of each fin that protrudes anteriorly from
the anterior point of attachment of the fin to the mantle
(Figure 5).

Fin angle = The angle between the longitudinal axis of the
mantle and the posterior border of one fin (Figure 7).

Foveola = Transverse, membranous fold of skin that forms a
pocket in the funnel groove of some oegopsids (Figure
8). See Side pockets.

Funnel = The ventral, subconical tube through which water is
expelled from the mantle cavity during locomotion and
respiration (reproductive and waste products, and the


