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Cephalopods of the world. An annotated and illustrated catalogue of cephalopod species known to date. Volume 3.
Octopods and Vampire Squids by P. Jereb, C.F.E Roper, M.D. Norman, and J.K. Finn (eds)

FAO Species Catalogue for Fishery Purposes. No. 4, Vol. 3. Rome, FAO. 2016. 370 p. 11 colour plates.
ABSTRACT

This is the third volume of the entirely rewritten, revised and updated version of the original FAO Catalogue of
Cephalopods of the World (1984). The present Volume is a multiauthored compilation that reviews 13 families, i.e.
(in alphabetical order), Alloposidae, Amphitretidae, Argonautidae, Bolitaenidae, Cirroctopodidae, Cirroteuthidae,
Octopodidae, Ocythoidae, Opisthoteuthidae, Stauroteuthidae, Tremoctopodidae, Vampyroteuthidae, Vitreledonellidae,
with 56 genera and the 280 species known and named to the date of the completion of the volume. It provides
accounts for all families and genera, as well as illustrated keys. Information under species accounts includes: valid
modern systematic name and original citation of the species (or subspecies); synonyms; English, French and Spanish
FAO names for the species; illustrations of dorsal aspects of the whole animal (as necessary) and other distinguishing
illustrations; field characteristics; diagnostic features; geographic and vertical distribution, including GIS map; size;
habitat; biology; interest to fishery; local names when available; a remarks section (as necessary) and literature. The
Volume is fully indexed and also includes sections on terminology and measurements, an extensive glossary, an
introduction with an updated review of the existing biological knowledge on octopods and Vampire squids (including
fisheries information and main catch data for recent years) and a dedicated bibliography.
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1. INTRODUCTION

1.1 INTRODUCTORY REMARKS
by Patrizia Jereb and Clyde F. E. Roper

The increasing exploitation of finfish resources and the
depletion of a number of major fish stocks that formerly
supported industrial-scale fisheries, force increased attention
on the formerly-named ‘unconventional marine resources’,
whichinclude numerous species of cephalopods. Cephalopod
catches have grown steadily in the last 40 years, from about
1 million metric tonnes in 1970 to around 3.6 million metric
tonnes in 2010 (FAO, 2012) .

This increase confirms the potential development of the
fishery predicted by G.L. Voss (1973) in the first general
review of the world’s cephalopod resources prepared for
FAO. The rapid expansion of cephalopod fisheries in the
decade or so following the publication of Voss's review
meant that a more comprehensive and updated compilation
was required, particularly for cephalopod fishery biologists,
zoologists and students. The FAO Species Catalogue,
‘Cephalopods of the World’ by Roper, Sweeney and Nauen
(1984) was published to meet this need.

The number of cephalopod species that enter commercial
fisheries has continued to expand significantly since 1984,
as a result of the still-growing market demand and the
expansion of fisheries operations to new fishing areas
and to deeper waters. Formerly, it was suggested that the
cephalopod ‘life-strategy’ may guarantee survival against
environmentally stressful conditions, including those
caused by heavy fishing. However, as cephalopod fisheries
experienced further intensive development, parallel
concern developed regarding potential overexploitation
(see discussion of World Octopod Fisheries below).

In an effort to avoid possible failures in cephalopod
exploitation, a broad consensus emerged among
cephalopod fishery biologists to apply the experience
gained from earlier errors in finfish management. To
help prevent these potential failures, refined species
identification capabilities are required, as well as a more
detailed and accurate compilation of information on
cephalopod species, their distribution, biology, fisheries
and catch statistics.

Consequently, FAO recognized that a new edition of the
‘Cephalopods of the World' catalogue was required. To
achieve this expanded goal, several authors with particular
areas of specialization were assembled to enhance the
accuracy, coverage and utility of this revised catalogue.

The magnitude of information currently available on
cephalopod biology, taxonomy and fisheries made it
necessary and convenient for specialized interests, to
divide the Catalogue into three volumes: Volume |, on
Chambered Nautiluses and Sepioids, published in 2005,
Volume 1, on Myopsid and Oegopsid squids, published
in 2010, and Volume lII, on octopods and Vampire squids
(current volume).

In our attempt to make this document as comprehensive
and as useful as possible for the variety of potential users,
the taxonomic coverage of the catalogue is organized into
3 levels of interest:

Level 1: species of cephalopods currently exploited
commercially and species utilized at the subsistence and
artisanal levels;

Level 2: species of occasional and fortuitous interest
to fisheries. This includes species considered to have
a potential value to fisheries based on criteria such as
edibility, presumed abundance, accessibility, marketability,
fin fishery bait, etc. Species of actual or potential interest to
researchers or the wider public also are considered under
this level, as is at least one representative of every octopod
genus;

Level 3: species with no current interest to fisheries.
These species are listed only with basic systematic and
distributional information.

The inclusion of such a wide range of species is necessary
to provide the most comprehensive inventory of species,
regardless of their current commercial status. For example,
this work should be useful in the ever-expanding search
for development and utilization of ‘natural products’,
pharmaceuticals, etc., as well as for fisheries and biology.

The catalogue is based primarily on information available
in published literature. However, yet-to-be-published
reports and working documents also have been used when
appropriate, especially from geographical areas where
published information and data are limited. Many of these
documents are the result of the research of the current
authors.

We are particularly grateful to colleagues worldwide who
have provided us with fisheries information, as well as
with bibliographies of local cephalopod literature. The
fishery data reported herein are taken from the FAO official
database, FishStat Plus 2009, now replaced by FishStatJ.

During the 20-plus years separating the two editions of the
Catalogue, the rapid development of worldwide cephalopod
fisheries and the simultaneous increase in the population of
fisheries scientists through their research and publications,
have produced an enormous amount of new data.
Sometimes it is difficult to evaluate the reliability of published
data, especially with regard to the identification of species in
areas where the cephalopod fauna has not been sufficiently
studied taxonomically. It is entirely understandable that field
workers isolated from comprehensive library and museum/
collection facilities find it difficult to correctly identify the
species they encounter in the field. Moreover, the discovery
of new species, the more accurate delimitation of known
species, or even the introduction of nomenclatural changes,
may cause confusion and lead to the use of scientific names
that are incorrect by modern standards. Although great care
has been exercised to evaluate and correct the published
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information used in the preparation of this catalogue,
some incorrect interpretations may have occurred. Another
potential limitation, in the taxonomic literature especially, is
that information on the economic importance of species is
either scarce or of a very general nature. Further, important
information may have been overlooked if published only in
local fisheries literature that is unavailable on an international
scale. All of these potential limitations, however, have
been significantly mitigated during the preparation of the
new edition because of the availability of on-line fisheries
databases and bibliographic search capabilities.

With regard to the limitations mentioned above, we
heartily request that readers who detect any errors in the
information presented, or who have additional information
and data that will enhance the accuracy and utility of
this book, please contact and inform one of the authors
or FAO FishFinder, the Species lIdentification and Data
Programme of the Marine Resources Service, Fisheries
Resources Division, Fisheries Department, FAO, Rome
[Fl-inquiries@fao.org].

For further reading and information on cephalopod biology,
fisheries and resources, several references to websites are
listed at the end of the references section (page 333).

1.2 PLAN OF THE CATALOGUE*

This catalogue is organized by families and their included
genera within major cephalopod groups. The type genus
within each family is treated first, then all remaining genera
are listed alphabetically. The type species within each
genus is treated first, then all remaining species are listed
alphabetically.

Level 1, includes the most important species for fisheries
utilization, and it consists of detailed information in all 12
categories listed below. Level 2, which comprises those
species of occasional, fortuitous or potential interest to
fisheries, consists of whatever information is available and
appropriate for the 12 categories. Level 3, those species
for which there is no current interest to fisheries, consists
of basic information (i.e. scientific name, size, geographical
distribution, literature). Within this volume the first two level
of treatment (Level 1 and Level 2) are not differentiated.
Species included in Level 3 are presented at the end of
each genus.

Each major group and family is introduced with general
descriptive remarks, illustrations of diagnostic features,
highlights of the biology and relevance to fisheries. The
information that pertains to each species in Levels 1 and
2 is arranged by categories as follows: (1) scientific name;
(2) synonymy; (3) misidentifications; (4) FAO names; (5)
diagnostic features with illustrations; (6) maximum known
size; (7) geographical distribution, including map; (8)
habitat and biology; (9) interest to fisheries; (10) local
names; (11) remarks (12) literature.

(1) Scientific Name: Reference to author, date and
publication citation is given for the original description of
each species.

(2) Frequent Synonyms: Principal synonyms and name
combinations are listed.

(3) Misidentifications: Misidentifications are reported here
and discussed in detail when appropriate, along with other
nomenclatural points, in section 11, Remarks.

(4) FAO Names: English, French and Spanish names
for each species, used primarily in FAO statistics and
literature, are selected on the basis of the following
criteria: (i) each name must apply to only one species, in
a worldwide context; (ii) the name must conform to FAO
nomenclatural spelling; (iii) the name should apply only to
a cephalopod species, and it should not lead to confusion
with species names in other major animal groups.
Wherever possible, these names are selected based on
vernacular names (or parts of names) already in existence
within the geographical areas where the species is fished.
FAO species names, of course, are not intended to replace
local species names, but they are considered necessary to
overcome the considerable confusion caused by the use
of a single common name for many different species, or
several names for the same species.

(5) Diagnostic Features: Distinctive characters of the
species are given as an aid for identification, accompanied
by pertinent illustrations. Species identifications should be
attempted only after verification of the family through use
of the illustrated key to families. Morphological characters
in bold are considered primary diagnostic features to aid
identification.

(6) Size: The known mantle length (or total length in
some cases) of both males and females is provided
where possible. Sizes or measurements might not be
completely comparable, because they often were taken
from preserved or fixed specimens. Measurements of
commercially important species often come from fresh
material. Because of the elasticity of arms, total length is
not a very accurate measurement. Where both total length
and mantle length are given, the accompanying illustrations
were not necessarily illustrated from the same specimen
but may have been obtained from different sources. The
information available on the size attained by some species
often is meagre, so the maximum size cited herein might be
smaller than the actual maximum size. Maximum weight is
given when available.

(7) Geographical Distribution: The entire known
geographic range of the species, including areas of
seasonal occurrence, is given in the text and shown on
an accompanying map. In cases where only scattered
records of occurrence are available, question marks have
been used to indicate areas of suspected or unconfirmed
distribution.

(8) Habitat and Biology: The known depth range of the
species and information on salinity and temperature of its
habitat are given where available. For the sake of precision,
actual depth of capture data are reported, as given in the
referenced literature. Information on biological aspects,
such as migration, spawning season and area, longevity,
prey, and predators, also is included.

* According to FAO standards
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(9) Interest to Fisheries: This paragraph gives an account
of the areas where the species is fished and of the nature
of the fishery. Its importance either is qualitatively estimated
(minor, moderate, major or potential) or actual figures of
annual landings are provided. Data on utilization (fresh,
dried, cooked, frozen, canned, etc.) also are given when
available. Here, too, the quality and quantity of the available
information varies considerably among the species, and it
is reported in as much detail as possible in relation to the
species significance to the fisheries.

(10) Local Names: These are the names used locally for
the topic species. The present compilation is necessarily
incomplete, since only a fraction of the local names
applied to specific entities actually is published. In
many cases, local names are available only for species
that support traditional fisheries. Apart from possible
omissions due to limitations of literature available, some
of the names included may be somewhat artificial, e.g.
through transliteration of indigenous words into English.
The local species nhame is preceded by the name of the
country concerned in capital letters and, when necessary,
by geographical specifications in lower case letters.

(11) Remarks: Important information concerning the
species, but not specifically linked to any of the previous
categories, is given here. For example, in some cases the
taxonomic status of certain scientific names requires further
discussion. Other nomenclatural problems are discussed in
this section, such as the use of subspecies names.

(12) Literature: This category includes references only to
those publications cited in the text. For many uncommon
species, only systematic papers are available.

1.3 GENERAL REMARKS ON CEPHALOPODS
by Patrizia Jereb and Clyde F.E. Roper

The group known as cephalopods (class Cephalopoda) is
one of the most highly derived in the phylum Mollusca, and
indeed, in all of the invertebrate phyla. Cephalopods include
exclusively marine animals that live in all oceans of the world
with the exception of the Black Sea, from the Arctic Sea to
the Antarctic Ocean and from the surface waters down into
the abyssal zone of the deep sea.

Cephalopods first appeared as a separate molluscan
taxonomic entity, the nautiloids, in the Upper Cambrian
period (over 500 million years ago), but more than half
of these ancestors were already extinct by the end of the
Silurian, 400 million years ago, when only the nautiluses
survived. Meanwhile, other forms arose in the late
Palaeozoic (between 400 and 350 million years ago),
including those of the Subclass Coleoidea, but most of
them became extinct by the end of the Mesozoic, about
150 million years ago. The only members of the subclass
Coleoidea that exist today are the forms that developed in
the Upper Triassic and Lower Jurassic (between 200 and
150 million years ago).

Although there is a long fossil record of many different
groups, all living cephalopods belong to two ‘subclasses’

the Coleoidea, which includes the major groups known as
squids, cuttlefishes sensulato, octopods and vampire squids,
and the Nautiloidea, containing two genera, Nautilus and
Allonautilus®, the only surviving cephalopods with an
external shell.

At the present time the status and understanding of the
systematics and classification of the Recent Cephalopoda
are under considerable discussion. The families of living
cephalopods are, for the most part, well resolved and
relatively well accepted. Species-level taxa usually can be
placed in well-defined families. The higher classification,
however, still is not resolved. The classification above the
family level is controversial and a broad consensus still
needs to be achieved. This situation is not unexpected
for a group of organisms that has undergone explosive
research attention in recent decades.

Consequently, rather than accept and promote any particular
scheme of classification, before consensus and stability are
achieved, we will use an ‘operational breakdown’ that is
satisfactory for the objectives of this Catalogue. For practical
purposes we separate the cephalopods into several groups,
without assigning or implying taxonomic relationships.
Figure 1 diagrams several of the classification schemes
currently under discussion.

In this work the following groups are used, as illustrated in
Figure 2@:

Nautiluses
Cuttlefishes
Bobtail squids
Bottletail squids
Pygmy squids
Ram'’s horn squid
Myopsid squids
Oegopsid squids
Vampire squids
Cirrate octopods
Incirrate octopods

Unresolved taxa:
Spirula
Chtenopteryx

Plural versus singular usage of cephalopod common
group names is standardized as follows: squid, cuttlefish,
octopod, octopus, vampire squid, nautilus refer to one
individual or one species; squids, cuttlefishes, octopods,
octopuses, vampire squids, nautiluses refer to two or
more individuals and/or species. These terms also are used
to indicate the major groups.

We differentiate between the members of the family
Octopodidae, which are called octopus/octopuses, and
the members of the whole group (Incirrate and Cirrate or
any combination of non-Octopodidae taxa), which are
called octopod/octopods.

Cuttlefishes, along with Nautiluses, were treated in Volume I.
Squids were treated in Volume II. This third Volume of the
Catalogue is focused on octopods.

1/ Harvey et al. (1999) questioned the validity of the genus Allonautilus. However, the majority of the scientific community still considers the genus as valid
(e.g. Ward, 1999; Bonnaud et al., 2004; Klug et al., 2004, 2007; Davis, 2005; Crook, 2008; Kruta and Landman, 2008; Turek, 2008; Young, 2010; Dunstan

etal., 2011).

2/ The endings used in the group names do not imply any particular level of classification.
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Fig. 2 Living cephalopods
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1.4 GENERAL REMARKS ON OCTOPODS
by Mark D. Norman

Distribution, habitats and diversity

Octopods are exclusively marine in habit. None have
colonized fresh water habitats, as this group shares the
poor tolerance to low salinities found in the vast majority of
cephalopods. The only potential octopod exceptions may
be tolerance to high and low salinity by intertidal octopuses
(such as members of the genus Abdopus). Periodic high
temperature evaporation versus heavy rainfall on exposed
intertidal reefs and pools can cause large variation in
salinity levels.

Octopods occur at all latitudes from the equator to the
polar waters. They also occur over a huge depth range
from intertidal habitats to at least 5000 m deep in the
deep sea. There are two major groups, the finless incirrate
octopuses (including the familiar benthic octopuses) and
the semi-gelatinous finned cirrate octopods (and the
related vampire squid). These two groups show different
distributional trends.

Incirrate octopods exist in all habitat types and at all depths
from coral and rocky reefs, to seagrass meadows, sponge
gardens, soft substrates, open waters and into the deep
sea. By contrast, the cirrate octopods and related vampire
squids are restricted to the deep sea, rarely found shallower
than 600 metres, except at high latitudes.

The highest diversity of octopods occurs amongst the
shallow-water benthic octopuses of the family Octopodidae,
likely to total more than 300 species worldwide. Many of
these lack formal scientific description. In common with
many marine animal groups, the highest diversity of the
octopods occurs in the tropical Indo-West Pacific region,
particularly the Indo-Malayan Archipelago.

Life mode and locomotion

Octopods exhibitdiverse life styles. Most species are associated
with the seafloor, with further division of these benthic species
into those with free-swimming planktonic juvenile stages and
those with well-developed crawl-away young.

Other groups of octopods are free-swimming in the water
column for their entire life cycle (holopelagic). Two groups,
the ctenoglossans and the argonautoids, occupy the middle
to upper levels of the water column (above approximately
600 m). The ctenoglossans include the families Bolitaenidae,
Vitreledonellidae and Amphitretidae*, characterised by
transparent soft bodies and reduced organs oriented to
minimise their silhouettes from predators below in the
twilight zone of the open ocean. The argonautoids include
the argonauts (also known as ‘paper nautiluses’) and
their relatives. These muscular animals typically reside
in near-surface waters and are united by extreme sexual
dimorphism (i.e. dwarf males).

In deeper waters (typically greater than 600 m), vampire
squid and some cirrate octopods are holopelagic. Other
cirrate octopods are associated with the ocean layer

immediately above the seafloor and are capable of settling
on the substrate (i.e. they are benthopelagic).

Locomotion of octopods varies from walking on the
substrate with all limbs (or a subset, i.e. bipedal walking),
jet swimming using the funnel, and/or a form of pulsating
swimming consisting of rhythmic opening and closing of the
arms and webs (medusoid swimming).

Cirrate octopods and vampire squids also use the fins to
power (or assist) swimming locomotion (juvenile vampire
squids have two pairs of fins). Swimming is aided in some
groups by a gliding motion achieved by spreading the
lateral arms as wings (e.g. benthic octopuses such as
Enteroctopus) or by full spread of the arms and webs as a
disk (e.g. cirrate octopods such as Grimpoteuthis).

Octopods are primarily solitary in nature. As for all
cephalopods there is no parental care or association
beyond hatching. Like many other cephalopods, there is a
prevalence of cannibalism. Only a few octopods appear to
group in large numbers (outside breeding aggregations),
namely the pelagic argonauts and members of the family
Bolitaenidae.

General external characteristics

There are two major forms of octopods: 1) incirrate octopods,
and 2) the deep-sea cirrate octopods and vampire squids.
The incirrate octopods contain the greatest number of
species including the familiar, muscular, bottom-dwelling
(benthic) octopuses that are popular as fisheries targets
(family Octopodidae).

Most incirrate octopods are bottom dwelling and occur from
intertidal habitats to the deep sea floor. This group also
includes a few strange free-swimming (pelagic) octopuses
of the open ocean, such as the argonauts and the Glass
octopus (Vitreledonella richardi). Mature animals range
in size from pygmy octopuses at under one gram to the
Giant Pacific octopus (Enteroctopus dofleini) and the
pelagic Seven-arm octopus (Haliphron atlanticus) with
arm spans likely to exceed 3-4 metres.

The primary external characteristics of incirrate octopods are:

» Generally muscular, spherical bodies that lack fins;

« Skin that is typically coloured and often sculptured in
regular or irregular textures, with or without larger raised
papillae;

* A wide opening on the underside of the head/body
into the mantle cavity, from which the tubular funnel
protrudes;

» Short to long arms that bear one to two longitudinal rows
of suckers;

+ Typically moderate to deep web sectors between the
arms;

» Suckers with wide bases and soft cup linings (never with
the horny sucker ring found in squid and cuttlefish);

* Most species possess an ink sac;

» All except several transparent pelagic forms have males
with a modified arm tip on one of the third arms (right
arm in most species);

* Awell-developed beak and radula.

* At the time of going to press, Strugnell et al. (2013) published a major revision of the familial level classification of the incirrate octopods. They establish
six families: Octopodidae, Bathypolypodidae, Eledonidae, Enteroctopodidae, Megaleledonidae and Amphitretidae, the latter containing three subfamilies
Amphitretinae, Bolitaeninae and Vitreledonellinae (see that work for new taxonomic structure).
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By contrast the cirrate octopods and vampire squids
are exclusively residents of the deep sea. They are soft,
semi-gelatinous animals that are rarely encountered. None
are commercially harvested. Mature animals range in size
from around 10 cm to at least two metres in total length.
The primary external characteristics of cirrate octopods and
vampire squids are:

* Body and arms semi-gelatinous;

* Body bears a pair of round to elongate fins (two pairs in
juvenile vampire squids), supported under the skin by a
cartilaginous support (shell);

» Skin is typically uniform in colour (white to dark
red-brown), lacking any skin sculpture;

* A narrow opening on the underside of the head/body
into the mantle cavity, tightly fitting around the protruding
tubular funnel,

» Short to long arms that bear a single longitudinal row of
suckers between two longitudinal rows of thin digits of
skin (cirri);

* Vampire squids possess a pair of long, thin, sensory
filaments, which can retract into pits in the web between
the bases of arms 1 and 2;

» Typically possess deep and thin web sectors between
the arms, as a double inflatable layer in some groups;

* Small suckers embedded within the flesh with small
soft-lined cups (never with the horny sucker ring found
in squid and cuttlefish). Mature males of some groups
possess enlarged suckers in their single sucker row;

» All species lack an ink sac;

* No male arm tip modifications as found in incirrate
octopods;

* Awell-developed beak;

* Radula present, reduced or absent, depending on the

group.
Nervous and sensory systems

Cephalopods in general, and octopods in particular, are
renowned for their well-developed brain and nervous
system. The brain of octopods (and cephalopods) has a
unique floor plan, having evolved as a neural ring around
the oesophagus. The majority of the octopod brain consists
of the optic lobes. For example, the brain of Octopus
vulgaris contains around 130 million nerves in the optic
lobes and only 40 million for all the other portions of the
brain. The paired optic lobes are primarily concerned with
vision, regulating visual behaviour and learning, storing
visual memory and controlling skin displays.

Almost all octopods have well-developed eyes and
excellent vision. The eye typically contains a two-part
lens consisting of two half spheres. Evidence from retinal
structure and behavioural experiments indicates that
octopods (and all cephalopods) are colour blind — their
colour change abilities are responding to tonal differences
rather than colour wavelengths. Species have also been
demonstrated as discriminating the plane of polarization
of polarized light, proposed as aiding detection of prey or
predators in sunlit surface waters.

Eye form becomes more diverse in deep-water octopods.
The deep-sea cirrate octopod, Cirrothauma murrayi, is

unique amongst all cephalopods, as its eyes are simple
open cups that lack lens or iris. It is unlikely to be able to
form a focused image. As the name suggests, the telescope
octopus (Amphitretus pelagicus) has vertically-oriented,
tubular eyes used to search the waters above for the
silhouettes of its prey in the twilight zone between around
200-800 metres.

The skin of octopods

Octopods are most famous for the complex skin in many
species and their capacities for rapid pattern and texture
changes. The skin contains two main components that carry
out these changes: chromatic and sculptural.

The chromatic components produce the colour of the skin
and are under direct neural control. There are three classes
of organs within the skin that produce and change colour:
1) chromatophores, 2) iridocytes and reflector cells, and 3)
leucophores. In a general sense these can be considered as
the colour pixels, the reflective cells and the white markings
(respectively).

Chromatophores are like small elastic balloons of coloured
pigment surrounded by the spokes of radial muscles. The
balloon is stretched by contraction of the radial muscles
so that the colour is displayed as a circular or polygonal
spot. When the muscles relax, the elastic balloons contract
to a tiny dot so that the colour is not visible. This is how
the coloured dots can be turned on and off, much like the
colour pixels in a television screen. Chromatophores come
in different colours, grading through yellow to orange,
red, dark brown and black. They can be less than 0.3 mm
across and can occur in very high densities, resulting in
high-resolution body patterns.

Iridocytes and reflector cells cause the iridescent sheen
in the skin of many octopods, especially around the
eyes. These structures selectively reflect and refract
light, causing green, blue or violet shades. Some species
concentrate these iridescent structures in rings within
false-eye spots (i.e. some ocellate members of the
genus Amphioctopus and all species of the blue-ringed
octopuses, genus Hapalochlaena).

Leucophores wholly reflect white light, forming the high
contrast white markings found in many well-camouflaged
benthic octopuses, e.g. the transverse pair of bright white
spots on the dorsal mantle.

The sculptural components of the skin can include large
individual papillae of skin (particularly over the eyes),
overall textures of regular/irregular rounded warts or
patches (patch and groove system), and longitudinal
flaps or ridges. Some benthic octopuses, particularly
those from soft sediment substrates, also may possess a
longitudinal raised ridge around the lateral and posterior
mantle (the lateral mantle ridge).

Used in combination, these skin components can produce
dynamic and complex visual displays. When coupled with
appropriate postures and motion, complex camouflage and
even mimicry can be effected.
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Circulatory system

The blood of cephalopods contains the respiratory pigment
haemocyanin, a copper-based pigment that causes the
blood to be blue to green in colour. This pigment is less
efficient at capturing and transporting oxygen compared
with human iron-based respiratory pigment, haemoglobin,
and as such requires higher blood pressures and flow rates
to maintain the high metabolic rate of active predators. The
circulatory system is made up of three hearts, a central
systemic heart and paired branchial (gill) hearts, one above
each gill. The gills consist of multiple fleshy plates (8-30 per
gill), each plate is known as a gill lamella. Besides the gills,
there is some evidence that oxygen also can be directly
absorbed through the skin.

Digestive and excretory systems

Beginning from the mouth, the primary components of
the digestive system of octopuses (Fig.15) are the buccal
mass (a muscular ball containing the two beak halves and
the toothed radula), one or two pairs of salivary glands,
an oesophagus, a crop (with or without a side-branch
diverticulum), a muscular stomach, a coiled caecum
joined by paired ducts into a large digestive gland (the
vertebrate liver equivalent in cephalopods), and an intestine
culminating in the anus. An ink sac, if present, is typically
embedded in the ventral surface of the digestive gland and
connected to the intestine (or at the level of the anus) via the
ink duct. Many species, particularly those with an ink sac,
possess a pair of small paddle-shaped appendages on each
side of the anus, known as anal flaps. The well-developed
beak and toothed tongue (radula) of all cephalopods
may have evolved as a consequence of the oesophagus
passing through the centre of the donut-shaped brain. This
configuration probably requires prey to be macerated into
a semi-liquid state in order to pass through the centre of
the brain. Thus octopods (and cephalopods in general) are
not able to swallow whole, large prey, compared to most
fishes, birds and mammals. This has direct consequences
for studies of cephalopod diets as stomach contents are
macerated in comparison to many fishes.

Cephalopods have a protein-based metabolism - there is
no lipid digestion or storage. Muscles can act as an energy
store, with females of some squid species digesting so
much of their own musculature as they approach spawning
that their bodies literally start falling apart. The primary
by-product of protein consumption in these carnivores
is ammonia, which is excreted via two organ types. The
first is the paired renal appendages, enclosed within
membranes to form the renal sacs. These spongy tissues
release ammonia directly from the blood and also are
home to a unique phylum of highly specialized parasites
— the dicyemids. Waste ammonia is then released through
the paired renal pores. Octopus studies also have found
that additional ammonia is excreted directly through the
gill membranes.

Reproduction

The reproductive strategy of most octopods consists
of males using a modified arm, or in a few groups the

terminal organ of the male reproductive tract (penis), to
pass encapsulated packages of sperm (spermatophores)
to females. Processes prior to and after copulation vary
between the major groups.

For benthic incirrate octopuses (family Octopodidae),
the third arm (hectocotylus) of mature males (typically
on the right hand side) is modified (Fig. 13) with a curled
groove along the length of the arm on the ventral edge
(the spermatophore groove), leading to a triangular to
spoon-shaped tip (ligula) with a small triangular process at
the base of a central groove (the calamus). During mating,
males either mount the mantle of the female or simply place
the tip of the extended hectocotylized arm into the female’s
oviduct opening within the gill (mantle) cavity.

Egg fertilization occurs within the oviducts, oviducal glands
or ovary (depending on the species) and then the female
lays eggs singly or in strings (festoons). Eggs are typically
attached to substrate or shells, or are carried in the web
in some species (e.g. blue-ringed octopuses). All incirrate
octopods are egg brooders, with the females tending,
cleaning, jetting and protecting the eggs until they hatch.

Pelagic incirrate octopods vary their strategy from
brooding within the arm crown and webs, to carrying the
eggs within a shell (genus Argonauta), to ovovivipary
where brooding and hatching occurs from within elongate
oviducts (genus Ocythoe).

The vast majority of incirrate octopods appear to be
semelparous - having a single egg-producing event and
dying around the time of egg hatching. One of the possible
exceptions is the pelagic argonautoids where egg spawning
may be a prolonged process (see treatment for Family
Argonautidae).

In stark contrast, the deep-sea finned cirrate octopods
and vampire squids lack arm tip modifications in the
males, instead they appear to pass small barrel-shaped
spermatophores directly to the female using the terminal
organ of the male tract (penis). Females deposit their eggs
directly on the seafloor and also may produce eggs over a
prolonged period.

The mature males of many octopods (both groups) may
possess distinctly enlarged suckers on the arms. In benthic
incirrate octopods, these suckers are thought to be visual
cues to females of a male’s reproductive viability. The
function in deep-sea cirrate octopods remains unknown but
may be a tactile equivalent.

Growth and life history

As for most cephalopods, the majority of octopods
probably are fast growing and relatively short-lived. Some
polar species are estimated to live for at least 6 years, but
lifespan for most warmer-water species is probably only
1 to 2 years. Longevity of deep-sea cirrates and vampire
squids is less well known.

At hatching, octopods tend to take one of two developmental
paths: either by direct development (taking on the habit and



Cephalopods of the World

behaviours of the adult) or via a free-swimming planktonic
stage (termed paralarva). For benthic incirrate octopods
egg size relative to mantle length can be an indicator of
hatchling form. Species with eggs less than 10% of mantle
length tend to have planktonic paralarvae while species
with eggs greater than 12% of mantle length tend to be
well-developed, benthic, crawl-away young. There is no
post-hatching parental care in octopods. All hatchlings fend
for themselves from hatching.

Diet and feeding behaviour

Like all cephalopods, octopods are carnivores, preying on
diverse prey but particularly on crustaceans, fishes and
shelled molluscs. Prey are gripped by the suckers and may
be seized directly, enveloped in ensnaring webs, extracted
from burrows or crevices by single arms, or flushed from the
sand using the arm tips.

The radula and salivary toxins play a large role in prey
immobilisation and manipulation. Active prey such as crabs
and fishes are rapidly immobilized and partially digested
by a combination of salivary neurotoxins and digestive
enzymes. Commercially harvested lobsters that have been
bitten by octopuses have semi-liquified flesh, so they have
no sale value. With shelled mollusc prey, many benthic
octopuses may prise shells apart or use a combination of
the toothed salivary papillae adjacent to the radula and
salivary chemicals to drill and dissolve through shells to
paralyse the occupant and gain access. Some octopuses
also use this technique to extract hermit crabs from their
gastropod shell homes.

Defensive behaviours

The primary defense of most octopods is concealment or
crypsis. Many benthic incirrate octopods have excellent
camouflage capacities, matching both tonal and textural
components of their backgrounds. In a few species, mimicry
of distinct models (e.g. poisonous animals) also has been
reported.

Benthic octopods often construct dens or occupy cave lairs.
These refuges can be supplemented by barricading the
entrances with rock, coral or shells. Some species on soft
substrates, such as Amphioctopus marginatus, will carry
coconut or bivalve shells as portable shelter to be assembled
as required. Other species bury directly into the substrate.

Once disturbed or attacked, many species release ink either
as a congealed decoy or a diffuse smoke screen. Many
long-arm benthic octopuses also are able to sever an arm at
a basal weak point, leaving a wriggling decoy for attackers.
This is known as arm autotomy and the stump of the severed
arm will regenerate a replacement arm within weeks to
months.

The blue-ringed octopuses (genus Hapalochlaena)
use the powerful neurotoxin, tetrodotoxin, for both prey
immobilisation and as defence against their attackers. They
advertise this toxicity using brilliant iridescent blue rings and/
or lines distributed across their body.

Classification and taxonomic status

The largest group of octopods is the benthic octopuses of
the family Octopodidae*, containing over 300 species. The
taxonomy and classification of this group are undergoing
considerable revision and many new species (>150) await
formal scientific description, particularly in the tropical
Indo-West Pacific. The higher-level classification (family
level and above) and knowledge of the evolutionary history
of these animals currently are under review*, aided by
recent developments in molecular phylogeny and analysis
tools.

Concluding remarks

The octopods are a very large and important group
in marine environments, playing significant roles as
top-level predators in all ecosystems. Many species
have a very high fisheries profile and value, worth more
than $US1.5 billion in annual trade. Overall, the group
is poorly studied, particularly away from the primary
research centres of the US, Europe and east Asia. The
group requires considerable further research, particularly
into diversity, roles in ecosystems, reproductive biology,
fisheries impacts and management, and conservation
status (see Fisheries chapter below).

1.5 WORLD OCTOPOD FISHERIES
by Mark D. Norman and Julian K. Finn

Octopus fishery techniques

Benthic octopuses of the family Octopodidae are harvested
throughout the world, being highly valued both for human
consumption and, to a lesser degree, as bait (Boyle and
Rodhouse, 2004). Diverse techniques are used to capture
octopuses, ranging from small-scale subsistence and
artisanal harvests to large-scale commercial fisheries.
The primary techniques employed are: (1) direct capture
by hand, hook, or spear; (2) line capture (using lures and/
or baits); (3) use of weighted pots (baitless or baited); and
(4) use of nets, including trawls (e.g. otter, seine, beam),
cast, and static nets (e.g. fyke). In many regions of the world,
hand, line, and cast net capture can include the use of lights
at night to harvest nocturnally active species. A number
of papers have summarized octopus harvest techniques
(e.g. Pennington, 1979; Voss, 1985; Rathjen and Voss,
1987; Paust, 1988; Rathjen, 1992; Guerra, 1997; Lang and
Hochberg, 1997; Roper, 1997; Gillespie et al., 1998).

Octopus harvests occur across diverse environments - from
exposed intertidal habitats (e.g. Octopus cyanea collection
from coral reef flats throughout the tropical Indo-West
Pacific region), to continental shelf (e.g. trawl harvests of
O. vulgaris off northwest Africa and Amphioctopus species
from the Gulf of Thailand) and from the continental slope
(e.g. Enteroctopus dofleini trawling off northern Japan).

In the last decade, a number of aquaculture trials for
octopuses have been undertaken (e.g. Octopus vulgaris
in Spain, see Vae-Pires et al., 2004; Enteroctopus
megalocyathus in Chile, see Pérez, 2006; O. maya

* At the time of going to press, Strugnell et al. (2013) published a major revision of the familial level classification of the incirrate octopods. They establish
six families: Octopodidae, Bathypolypodidae, Eledonidae, Enteroctopodidae, Megaleledonidae and Amphitretidae, the latter containing three subfamilies
Amphitretinae, Bolitaeninae and Vitreledonellinae (see that work for new taxonomic structure).
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in Mexico, FIS, 2009; and up to eight species in China,
Liao et al., 2006, Lv et al., 2007, Cai et al., 2009), although
none have reached commercial operation. The biggest
challenges for octopus aquaculture are high mortality rates
where stocking densities are high (including the prevalence
of cannibalism), requirement for low cost and high quality
feed, and raising the earliest life stages (particularly for
species with planktonic young).

Octopus ongrowing, where wild caught small animals are fed
in captivity to attain profitable sizes, has been investigated
for Octopus vulgaris (e.g. Rodriguez et al., 2006; Pham
and lIsidro, 2009). As with full life cycle aquaculture, the
issues of high mortality rates at higher stocking densities,
along with cost and quality of feed, are challenges for the
economic viability of this practice.

Parasites of octopods are reviewed by Hochberg (1983, 1989).
Global catch statistics

Octopuses form the basis of major and valuable fisheries
throughout the world. The most recent global catch
statistics for octopuses placed the 2010 total world octopus
production (catch and culture of all species) as exceeding
350 710 tonnes (FAO, 2011). In 2009, world exports of this
catch was valued at $US1.07 billion dollars, while import
value was $US1.33 billion (FAO, 2011). The scale and value
of this catch exceeds that of many valuable finfish fisheries.
Despite this high value and profile, little synthesis of the
composition and nature of the world octopus harvests has
been made to date.

Commodity data for 2009 places export value at an average
of $US4.48 per kilogram and import value at an average
of $US4.38 per kilogram (FAO, 2011). In many regions of
the world octopuses are more valuable per kilogram than
many valued finfishes. In 2009, octopus commodity values
per kilogram significantly exceeded those of the FAO
commodities finfish category “tuna, bonito, billfish” (import
$US3.19/kg, export $US3.02/kg, FAO, 2011).

Figure 3 presents the total reported global production
of octopuses over the past three decades, indicating a
relatively steady increase in catch, almost doubling from
179 042 tonnes in 1980 to 350 710 tonnes in 2010 (FAO,
2011). Economic value for this world octopus catch (using
export sales as an indicator, Fig. 4) has increased almost
sixfold over this timeframe, rising from $US231 million in
1980 to $US1.33 bhillion in 2009 (FAO, 2011). The trend in
global octopus catch presented in Fig. 3 suggests a gradual
rise in catch, potentially stabilising over the past seven
years. This trend suggests sustained catches. However, a
number of inherent attributes of the data that underpin this
trend may be masking real trends in global production.

Production data attributes

Available summary statistics for world octopus harvests
come from two sources: (1) production estimates provided
by nation states to 2010 (‘Global Production’, FAO, 2011);
and (2) estimates based on fishery commodities data to
2009 (i.e. export and import data, ‘Fisheries Commaodities

and Trade’, FAO, 2011). For many fisheries, these data
sources can differ significantly from each other. Major
issues associated with this data include poor species
taxonomy, poor catch resolution, the failure of many regions
of the world to collect (or provide) any cephalopod catch
statistics, the lumping of octopus catch under the broader
generic categories of ‘cephalopod’ or ‘squid, etc.’, and
various failures to include subsistence/artisanal harvests,
domestic consumption of commercial catches, bycatch,
and/or harvests of octopuses used for bait. Three issues
are discussed individually below.

Poor taxonomy

The single largest impediment to accurate catch statistics
is the historically poor state of octopus taxonomy and the
limited identification tools available. As a result there is
little or no discrimination of catch composition for all but a
handful of octopus harvests worldwide. Little is known of
the biology, ecology, distributions and stocks of the vast
majority of harvested species. Norman and Hochberg
(2005a) estimated that there are likely to be more than 300
species of benthic octopuses in the world, many of them
lacking formal description. Of these, we estimate that more
than 100 species are likely to be taken in human harvests,
yet global summary statistics list only four species: common
octopus (Octopus vulgaris), Mexican four-eyed octopus
(O. maya), horned octopus (Eledone cirrhosa) and musky
octopus (E. moschata). The remaining species, at most,
are treated as ‘unidentified octopus’.

Unreported catches

Many countries with octopus fisheries provide no specific
catch statistics. Few countries from the northern and western
Indian Ocean (including the Red Sea) report any cephalopod
(and thus octopus) catch, for example, the Islamic Republic
of Iran and Iraqg. Other nation states such as India, Pakistan,
Somalia, and Madagascar include octopuses within general
cephalopod categories, preventing specific estimations of
octopus catch.

The majority of island nations of the tropical Pacific Ocean
harvest octopuses in subsistence and/or small-scale
commercial fisheries (mainly Octopus cyanea and
members of the genus Callistoctopus), yet few report
catch statistics. For half the tropical Pacific Ocean (FAO
area 77: central and eastern Pacific), only the Cook Islands
and Mexico provided octopus catch statistics (FAO, 2011),
while other island groups known to harvest octopuses
provide no statistics (e.g. Hawaii, Tonga and the Society
Islands). Other notable absences from broader Pacific
Ocean octopus catch statistics include Papua New Guinea,
Vanuatu, and New Caledonia. The combined harvest of the
many island nations around the tropical Pacific and Indian
Oceans could prove to be very high.

Catch underestimates

Throughout the world, reported statistics of octopus
catch also fail to include the majority of subsistence and
artisanal harvests. These catches are very difficult to
monitor due to their dispersed and small-scale nature,
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localized consumption, and rapid sale through small
local markets. For many countries with limited fishery
management resources, the result is that such catches
go unreported. In addition, the octopus catch statistics
provided by many nation states appear to be based
primarily on estimates from export data. Export data often
are equivalent to, or even larger than, total production
estimates. Such rough estimates of octopus production
exclude domestic consumption, which for some countries
is extremely significant.

Bycatch of octopuses by fisheries that target other species,
particularly trawl, line and pot fisheries, also are largely
unreported. One study in Western Australia estimated that
more than 250 tonnes of octopus were caught each year as
bycatch in the Western Australian rock lobster pot fishery
alone, all of which were killed and discarded or used as bait
(Joll, 1977). This non-target byproduct of a single fishery is
not reported and constitutes almost half the reported harvest
of all octopuses for all of Australia in 2010 (548 tonnes,
FAO, 2011).

As aresult of these inherent attributes and problems, global
catch data for octopuses should be considered a very rough
estimate of total harvest, and likely to be a considerable
underestimate. Watson and Pauly (2001) highlighted the
inherent difficulties in amassing and interpreting global
catch statistics, stating that “(the) FAO must generally rely
on the statistics provided by member countries, even if it is
doubtful that these correspond to reality” (p. 534). These
authors suggest that inaccuracies and underestimates
can cause globally spurious trends that “influence unwise
investment decisions by firms in the fishing sector and
by banks, and prevent the effective management of
international fisheries” (p. 534). We agree that statistics
such as the available global octopus production data should
be used and interpreted with caution.

World catch composition

The aim of this volume is to review the octopus species
of highest fisheries value, profile or potential, and to
present representatives of all world octopus genera
for comparison/discrimination. The previous scarcity
of information on taxonomy and biogeography has
severely impeded species identification for many regions,
particularly the Indo-West Pacific region, where octopus
diversity is highest (Norman and Hochberg, 2005a).

Catch statistics reported by FAO currently are listed under
just four octopus species names (Octopus vulgaris,
O. maya, Eledone cirrhosa, and E. moschata), the
remainder being classified as unidentified octopuses. While
the “Common octopus”, Octopus vulgaris, and closely
related taxa (see O. vulgaris species treatment below)
are high-value, targeted species in a humber of regions of
the world, a much larger number of species is harvested
throughout the world, particularly throughout Asia and the
western Pacific Ocean. Table 1 presents a preliminary list
of more than 50 octopus species collected in small-scale
to large-scale harvests around the world. Catch varies
significantly by region and may target single species or
consist of multi-species catches (targeted or incidental).

Major producers and consumers
Producers

Asia reported the highest octopus production for 2010, at
217 506 tonnes, primarily as unidentified octopus species.
This catch is highly diverse and consists of a large number
of species. In tropical and subtropical regions of Asia, the
most common species harvested are members of the
genera Amphioctopus, Callistoctopus, and Cistopus,
along with members of the ‘Octopus’ minor group. In
cooler latitudes (e.g. Japan), the catch shifts to the northern
Pacific Octopus vulgaris (see O. vulgaris species
treatment), Enteroctopus dofleini, ‘O. conispadiceus,
and members of the ‘Octopus’ minor group. The seven
largest reported producers of octopuses in Asia in 2010
were China (125 776 t), Japan (41 700 t), the Republic of
Korea (20 759 t), Indonesia (10 860 t), Thailand (10 315 t),
Philippines (5 506 t), and Malaysia (1 936 t).

Octopus production from Africa for 2010 was reported as
57 982 tonnes, the vast majority of which is the octopus
harvest from off the northwest coast of Africa (for Octopus
vulgaris with a small proportion of Amphioctopus burryi).
Four countries take the majority of this harvest (Morocco,
32 006 t), Mauritania (15801 t), Tunisia (3 764 t) and
Senegal (3 317 t).

European production of octopuses for 2010 was
42 945 tonnes, which is primarily Octopus vulgaris, with
some Eledone cirrhosa and E. moschata, from the
western and central Mediterranean Sea and the Atlantic
coasts of Spain and Portugal. The five largest producers are
Spain (16 470 t), Portugal (10 934 t), Italy (9 884 t), Greece
(2 676 t), and France (1 744 t).

The reported octopus catch from the Americas for 2010 was
31 546 tonnes, which is primarily of Octopus vulgaris and
related species O. maya, O. mimus, and O. insularis.
The largest American producers are Mexico (O. vulgaris
153251, O. maya 5 713 t), Brazil (2 069 t), Chile (1 895 t),
Venezuela (1 420 t) and Peru (1 030 t).

Importers and exporters

Based on commodities data, a total of 303 428 tonnes of
octopuses were reported as being imported globally in 2009,
worth $US1.33 billion (FAO, 2011). The two biggest importing
regions were Europe (import value $US716 million) and
Asia ($US538 million). For the same year, global octopus
exports were reported as 239 314 tonnes, worth $US1.07
billion. The largest exporters by region were Asia (exports
worth  $US417 million), Africa ($US358 million) and
Europe ($US247 million). The 20% discrepancy between
global import and export figures is further evidence of the
inaccuracies in current octopus catch estimates worldwide.

Octopuses as sustainable fishery targets

Many cephalopod species, including octopuses, may
be better suited as targets for fisheries exploitation than
finfishes and other harvested marine groups. Their fast
growth rates, high escapement (through speed and/or
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cryptic behaviour) and high fecundity (for small-egg species)
have led to them being considered ‘weed-like’ species
that are able to: (1) recover quickly from disturbance or
overfishing; (2) occupy niches vacated by overexploited
finfish stocks; and/or (3) flourish under ‘predator release’,
where natural predators have been removed by fisheries
(Caddy and Rodhouse, 1998; Chotiyaputta et al., 2002;
Rigby and Sakurai, 2005). Some studies have suggested
that the behavioural flexibility of octopuses may enable
further resilience to fishing pressures. For example, Rigby
and Sakurai (2005) found that Enteroctopus dofleini in
northern Japan reduced normal home ranges to target and
feed on finfishes captured in gill nets.

Octopus fisheries also are promoted as ecologically
sustainable due to the low-impact fishing techniques that can
be used for harvests, such as the use of baited or unbaited
pots. Baeta et al. (2005) found baited octopus pots were
the most sustainable fishery of seven estuary fisheries in
the Tagus region of Portugal. Unbaited pots are considered
even more sustainable as they collect no bycatch and
cause negligible environmental disturbance. Due to such
perceptions, octopuses historically rated higher on seafood
sustainability indices than other marine seafood resources.
However, more recent concerns about overfishing and
the environmental impacts of trawl harvests have lowered
the rating of octopuses with some conservation agencies
(e.g. SeaChoice, Canada; Seafood Watch, Monterey Bay
Aquarium; Environmental Defence Fund, USA).

Increasingly environmental impacts and sustainability
issues such as “food miles” are being considered in
seafood harvests. Vasquez-Rowe et al. (2011) assessed
the environmental impact of Octopus vulgaris captured in
Mauritanian waters and exported frozen to Japan, finding
discard and seafloor impacts as high during capture, while
associated energy use post-harvest was low, due to the
slow maritime transport of the frozen product to Japan.

For most harvested octopus species, the perception of
octopuses as sustainable fishery targets is not backed up
by detailed knowledge of the biology, ecology, distributions,
stock assessments, and/or impacts of fisheries on stocks or
reproductive cycles.

Interpreting catch trends

The relatively stable total catch trend in world octopus
fisheries as presented in Figure 3 appears to run contrary
to that of finfish catch trends worldwide over the same time
period (e.g. total finfish catch, Fig. 5; shark and ray catch,
Fig. 6). However, reported world octopus captures over
recent years contain data attributes that may be clouding
real trends in global harvest.

Recent contribution of catch statistics from China

The single largest impact on global octopus catch statistics
has been the relatively recent inclusion of fishery statistics
from China (see Fig. 7 for total Southeast Asian and
Japanese production). Prior to 1987, China reported no
octopus production figures to the Food and Agriculture
Organisation. Over the 16 years between 1987 and 2003,

Chinese octopus production figures reported to FAO
consisted solely of catch from the west coast of Africa
(Octopus vulgaris) and did not exceed 7 500 tonnes
in any one year. Between 2003 and 2007, reported
production jumped to around 100 000 to 140 000 tonnes
and primarily represents catch in the western central
Pacific Ocean. It is not considered here that the Chinese
catch rapidly increased 20 fold in one year, but, rather, that
FAO requests for global fisheries data around this time
led to submission of Chinese octopus production data to
these global statistics. Due to the high profile and value
of octopuses in China, harvests in this country very likely
are to have been at high levels for a considerable time.
If Chinese catch data are considered (Fig. 8), the global
trend appears less sustained and suggests that global
octopus catch (as reported) may have peaked in 1999
(when excluding Chinese data) at around 350 000 tonnes.

Regional catch trends

When catch trends are examined on a regional scale, it is
evident that the majority of octopus fisheries as reported
are now in decline. By region, it is clear that catches have
peaked for many octopus fisheries. Comparisons of the
most recent production data with historical peaks show
distinct declines (FAO, 2011):

» Africa: 57 982 t (2010), peak: 140 476 t (1999).

* Europe: 42 945t (2010), peak: 107 902 t (1983).

* Americas: 25 833 t (2010), peak: 37 505 t (1996).

« Oceania: 731t (2010), peak 1990: 3 161 t (1990)*
(* 1995 record of 11 547 t from New Zeland is an error,
New Zeland Ministry of Fisheries, pers. comm.).

The only region to have the highest octopus harvest within
the past decade is Asia, where the 2007 production was the
highest at 247 196 tonnes (two-thirds of the global catch),
with a 2010 production of 217 506 tonnes. As discussed
above, the relatively recent inclusions of data from China
(i.e. 100 000+ tonnes per annum since 2003) means that
the scale of harvests through unreported years remain
unknown.(Fig. 7).

Specific fishery examples

If two specific fisheries are examined in more detail, the
same post-peak trends emerge. To date, the largest octopus
fishery for a single species in the world has been the
Octopus vulgaris fishery off northwest Africa, harvested
primarily by Senegal, Mauritania and Morocco. Historically,
the Republic of Korea and the Democratic People’s
Republic of Korea, the Russian Federation and two Central
American nations, Honduras and St. Vincent, also targeted
what has been identified as this species up until the early
1990’s. Figure 9 shows the total catch data by all nations
for this fishery, demonstrating peaks of 112 461 tonnes and
137 722 tonnes in 1991 and 1999 respectively, compared
with around 49 259 tonnes in 2010 (FAO, 2011). Studies
by individual nations support this trend. Sato and Hatanaka
(1983) assessed Japanese ‘distant-water’ exploitation of this
fishery and diagnosed the stock as over-exploited. Gascuel
et al. (2007) reported declines of O. vulgaris harvests from
Mauritania from 70 000 to 15 000 tonnes between 1982 and
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2006. Using commodity data, Yagi et al. (2009) plotted four
stages of resource exploitation for O. vulgaris in Morocco:
(1) the underexploited stage from 1970 to 1987 of small
catch and low prices; (2) the maximum sustainable yield
stage from 1988 to 1998 of moderate catch and intermediate
prices; (3) the overexploited stage from 1999 to 2001 of
large catch and intermediate prices; and (4) the reduced
stock stage after 2002 of small catch and high prices.

The second example is the trawl harvests of members
of the genera Amphioctopus and Cistopus by Thailand
from the Gulf of Thailand that have supplied markets
worldwide with frozen octopus for decades, members of
the first genus being marketed as ‘baby octopus’. Figure
10 represents this regional catch, similarly showing a
peak harvest of around 32 000 tonnes in 1998 versus
10 315tonnesreported in 2010 (FAO, 2011). Chotiyaputta
et al. (2002) reported that these octopus stocks have
been fully exploited since 1989.

Catch per unit effort data

Reported catch trends also should be considered both in
relation to increasing fishing effort globally and effort shift
to cephalopod harvests from other fisheries (e.g. finfishes).
Although some catch-per-unit-effort data (CPUE) have
been collected for selected species (see individual species
treatments), there have been few long-term or large-scale
studies of CPUE for octopus fisheries.

Octopus fisheries management

For most octopus harvests worldwide, there is little or no
direct fisheries management. For those fisheries that are
managed, measures can include seasonal closures, area
closures, size and catch limits, effort restrictions, and/
or gear restrictions. For example, since 2001, Spain
has instigated a range of management measures for the
Octopus vulgaris fishery off Asturias (NW Spain), including
establishment of a closed season, minimum capture weight
of 1 000 grams and the restriction of permitted fishing gear
to baitless traps (Fernandez-Rueda, 2007). The Republic
of Korea established gear limits on its octopus trap fishery
(Kim, 2008), establishing maximum fishing gear usage per
fishery type and proposing a vessel buyback program in
order to maximise fishery viability and profit. Increasingly,
different sectors of fisheries (e.g. artisanal versus industrial
fleet) can compete for the same valued octopus resource,
requiring management intervention (e.g. for O. vulgaris in
Morocco; Faraj and Bez, 2007, Veguilla, 2009).

In order to achieve sustainable management of octopus
fisheries, it is crucial that biological attributes of target
species are considered. Two factors in particular are critical:
reproductive output (recruitment) and breeding behaviour.

Egg size and recruitment

Benthic octopus species are relatively fixed in
possessing one of two broad life history strategies
(Boletzky, 1977): (1) production of numerous small
eggs (<10% of mantle length) that hatch into abundant
planktonic hatchlings; or (2) production of few large

eggs (>10% of mantle length) that hatch as less
abundant benthic ‘crawl-way’ young. As a consequence,
fisheries that target large-egg species have much
lower recruitment potential than for small-egg species
with their abundant planktonic young (i.e. production of
hundreds to thousands of offspring per female versus
10 000’s to millions of offspring per female). Regional
depletions are much more likely for fisheries targeting
large-egg octopus species, which should be managed
on much smaller scales than small-egg species (see
Narvarte, 2006 for ‘Octopus’ tehuelchus in Argentina;
Leporati et al., 2009 for ‘O.” pallidus in Australia).

Breeding behaviour

Breeding behaviour also must be taken into account as
harvest techniques often inappropriately target breeding
stocks. Octopus pot harvests typically target octopus
species of soft-sediment substrates, as the pots provide
rigid refuge from predators and are used by both sexes and
all growth stages. However, mature females also use pots
as a substrate/refuge in which to lay and brood their eggs,
leading to this harvest technique depleting the reproductive
output of populations (particularly for low fecundity,
large-egg species, Leporati et al., 2009). As females reduce
or cease feeding at the commencement of egg brooding,
fisheries that target feeding animals, by contrast, may catch
fewer breeding females.

For some fisheries, the problems of overexploitation, low
fecundity (e.g. large-egg species) and the targeting of
breeding aggregations have merged. For example, the
harvest of an undescribed large-egg octopus species from
the ‘Octopus’ minor group on the Peng-hu Islands of
Taiwan peaked in the mid-2000's when high demand by
the live-octopus restaurant trade resulted in sale prices
of up to $US80 per kilogram (C.C. Lu, pers. comm.). This
species aggregates to spawn on shallow coral reef flats in
February each year, where it is targeted at night by long
lines of walking fishers using headlamps and gaffs to hook
active octopuses. In 2005, dramatic catch declines led to
implementation of a one-month seasonal closure each year
to protect spawning females.

It is critical for all octopus fisheries (current, developing,
and potential) to both understand the biological attributes of
the target species and to take these attributes into account
in effecting appropriate and precautionary management
regimes.

Impacts of climate change

In addition to the many factors discussed above, octopus
fisheries around the world are likely to be significantly
impacted by climate change. Several studies propose
that observed population declines are strongly linked with
the climatic fluctuations associated with climate change,
declines correlating directly with increasing seawater
temperatures (e.g. for Eledone cirrhosa in the Ligurian
Sea, Italy, Relini et al. 2006; and Octopus vulgaris, from
the northern Alboran Sea, southwestern Mediterranean,
Vargas-Yafez et al.,, 2009). It is anticipated that
distributions of octopus species will expand towards
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the poles as climatic conditions (particularly seawater
temperature) displace species from their historical
distributions. Resulting impacts could include extinctions,
invasion of adjacent biomes, resultant competition
with resident octopus faunas, and disrupted broader
ecosystem structure and function.

Species may variously be overwhelmed, be preyed upon
or act in an equivalent manner to invading marine pests.
As for all habitats and wildlife, potential larger-scale
impacts of climate change on these animals remain poorly
known.
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Table 1. Harvested octopus species by region

Species
Family Octopodidae
Genus Octopus

Octopus bimaculatus

Octopus bimaculoides

Octopus hubbsorum

Octopus insularis

Octopus maya

Octopus mimus

Octopus oculifer

Octopus tetricus

Octopus cf. tetricus

Octopus vulgaris

Octopus “vulgaris” |

Octopus “vulgaris” Il

Octopus “vulgaris” 1

Octopus “vulgaris” IV

Region

Southern California to Mexico

Southern California to Mexico

West coast of Mexico

Brazil

Gulf of Mexico

Western South America

Galapagos Islands

Temperate eastern Australia/New Zealand

Temperate western Australia

Mediterranean and North Atlantic

Caribbean and Gulf of Mexico

Brazil

South Africa

Japan, Korean Peninsula,
Taiwan Province of China and
China, Hong Kong SAR

Scale of catch

Minor artisanal harvests for food and bait
(Ambrose, 1997). Collected live for aquarium trade
(C. Huffard, pers. comm.).

Minor artisanal harvests for food and bait (Lang,
1997). Collected live for aquarium trade
(C. Huffard, pers. comm.).

Moderate artisanal harvests (Aguilar Chavez and
Godinez-Dominguez, 1997; Espino-Barr et al.,
2007; Alejo-Plata et al., 2009).

Minor artisanal harvests (Leite, 2008).

Major line fishery using bait or lure (Arocha, 1989;
Solis-Ramirez, 1997; Arreguin-Sanchez et al.,
2000; Juarez et al., 2010).

Major commercial line harvest off Chile (Guerra
and Fernandez, 1990; Rocha and Vega, 2003).

Minor small-scale harvests for human consumption
(Norman, unpubl. data).

Minor bycatch/small-scale target harvest for human
consumption and as bait (Norman, 1998; Nottage,
2007).

Minor lobster pot bycatch primarily for bait (Joll,
1983, as O. tetricus).

Major trawl, pot and trap harvests (Sanchez and
Obarti, 1993; Guerra, 1997; Murphy et al., 2002;
Jouffre, 2002; Katsanevakis, 2006).

Minor to moderate harvest (Cabello, 2004).

Moderate scale pot harvest (Haimovici and Perez,
1992; Moreira et al., 2011).

Minor artisanal catch and minor bycatch in lobster
potting (Smale and Buchan, 1981; Oosthuizen,
2004).

Major trawl harvest off western Japan. Scale of
catch elsewhere not reported (Moss and Williamson,
1971; Okutani et al., 1987).

Genus Abdopus

Abdopus aculeatus

Philippines, Indonesia

Collected alive for aquarium trade (C. Huffard,
pers. comm.).

Genus Amphioctopus

Amphioctopus aegina

Amphioctopus burryi

Amphioctopus exannulatus

Amphioctopus fangsiao

China, Philippines to India

East and west Atlantic Ocean

Taiwan to northern Australia

Japan to China, Hong Kong SAR and
Taiwan Province of China

Major commercial trawl harvests for human
consumption, particularly Gulf of Thailand
(Norman and Sweeney, 1997, Nateewathana, 1997;
Norman, 1998; Chotiyaputta et al., 2002).

Minor bycatch in O. vulgaris fisheries off NW
Africa (A. Caveriviere, unpubl. data).

Minor bycatch in trawl fisheries at least in Taiwan
and Australia (Norman, 1993b).

Major commercial trawl harvests for human
consumption (Okutani et al., 1987, under the name
O. ocellatus; Norman, 1998).
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Table 1. Harvested octopus species by region
Species Region Scale of catch

Amphioctopus kagoshimensis

Amphioctopus cf. kagoshimensis

Amphioctopus marginatus

Amphioctopus cf. marginatus

Amphioctopus neglectus

Amphioctopus rex

Amphioctopus siamensis

Japan to Taiwan Province of China

Temperate eastern Australia
Tropical Indian Ocean to Japan
At least Taiwan Province of China
Kerala, India to Taiwan Province
of China

Andaman Sea to Gulf of Thailand

Andaman Sea to Gulf of Thailand

Minor to moderate trawl bycatch (Okutani et al.,
1987, under the name O. aegina; Norman and
Kubodera, 2006).

Minor trawl bycatch for human consumption and as
bait (Nottage, 2007).

Major commercial trawl harvests for human
consumption (Nateewathana, 1997; Norman, 1998).

Minor trawl bycatch (C.W. Ho, unpubl. data).

Major trawl harvest at least in Thailand
(Nateewathana and Norman, 1999, Sreeja et al.,
2012).

Minor trawl harvest in Gulf of Thailand
(Nateewathana and Norman, 1999).

Major trawl harvest at least inThailand
(Nateewathana and Norman, 1999) and minor
bycatch in northern Australia (Norman, unpubl.
data).

Genus Callistoctopus

Callistoctopus graptus

Callistoctopus luteus

Callistoctopus nocturnus

Callistoctopus ornatus

Northern Australia

Gulf of Thailand to Philippines

Philippines

Tropical Indo-West Pacific

Minor trawl bycatch, primarily for bait (Norman,
1993a).

Subsistence to significant commercial harvest for
human consumption (Norman and Sweeney, 1997;
Nateewathana, 1997; Norman, 1998).

Historical records of subsistence harvest for human
consumption (Norman and Sweeney, 1997).

Subsistence and small-scale harvests (Norman,
1993c; Young and Harman, 1997).

Genus Cistopus

Cistopus indicus

Cistopus chinensis

Cistopus taiwanicus

Cistopus sp.

At least Philippines

Emerging fishery and acquaculture interest

Taiwan Province of China

India to China, Hong Kong SAR

Scale of harvest unknown (Norman and Sweeney;,
1997).

Zheng et al., 2012

Moderate trawl capture, often sold alive (Liao and
Lu, 2009).

Major trawl harvest throughout range, particularly
Thailand (Nateewathana, 1997; Chotiyaputta et al.,
2002).

Genus Eledone

Eledone cirrhosa

Eledone massyae

Eledone moschata

Mediterranean Sea, North Atlantic

Eastern South America

Mediterranean Sea

Moderate trawl harvests for human consumption
(Boyle, 1997; Sanchez, 2004; Relini, 2006; Fonseca
et al., 2008).

Minor trawl bycatch in Brazil and Argentina
(Haimovici and Perez, 1992).

Minor trawl bycatch in Mediterranean Sea for human
consumption (Mangold, 1983b).

Genus Enteroctopus

Enteroctopus dofleini

Enteroctopus magnificus

Enteroctopus megalocyathus

Northern Pacific Ocean

South Africa

Southern South America

Major trawl harvest (>20 000 t) off Hokkaido, Japan
(Kubodera, 1992). Minor harvest, primarily by
divers as bait for halibut fishery in Northeast Pacific
(Mottet, 1975; Hartwick and Barriga, 1997).

Minor trawl harvest (Villanueva et al., 1992;
Groeneveld et al. 2006).

Minor catch by hooks in the intertidal zone and by
diving in the subtidal zone (Re, 1980; Rocha and
Vega, 2003; Ibafez, 2008; Ortiz et al., 2011).
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Table 1. Harvested octopus species by region

Species
Genus Hapalochlaena

Hapalochlaena lunulata

Region

Philippines, Indonesia

Scale of catch

Collected alive for aquarium trade (C. Huffard, pers.
comm.).

Genus Thaumoctopus

Thaumoctopus mimicus

Indonesia, Philippines

Collected live for aquarium trade (C. Huffard, pers.
comm.).

Genus Wunderpus

Wunderpus photogenicus

Indonesia

Collected live for aquarium trade (C. Huffard, pers.
comm.).

Unplaced ‘Octopus’
‘Octopus’ alecto

‘Octopus’ australis

‘Octopus’ berrima

‘Octopus’ briareus

‘Octopus’ californicus

‘Octopus’ conispadiceus

‘Octopus’ cyanea

‘Octopus’ hongkongensis

‘Octopus’ maorum

‘Octopus’ microphthalmus

‘Octopus’ minor

‘Octopus’ pallidus

‘Octopus’ rubescens

‘Octopus’ tehuelchus

‘Octopus’ vitiensis

Mexico to Ecuador

Temperate eastern Australia

Southern Australia

Gulf of Mexico, Caribbean Sea

Mexico to Gulf of Alaska

Off northern Japan

Tropical Indo-West Pacific

Japan

Southern Australia/New Zealand

Strait of Malacca and Singapore

Japan to Korean Peninsula and
Taiwan Province of China

Southern Australia

NE Pacific Ocean

Brazil to Argentina

Tropical Indo-West Pacific

Minor subsistence harvest (Roper et al., 1995).

Minor trawl bycatch for human consumption and as
bait (Norman, 1998; Nottage, 2007).

Minor pot fishery for human consumption (Stranks
and Norman, 1993).

Minor fishery using spears, hooks and pots (Voss,
1971b), popular in aquarium trade (C. Huffard, pers.
comm.).

Minor trawl bycatch (Hochberg, 1997a, 1998).

Minor incidental catch in Enteroctopus dofleini
harvests off northern Japan (Okutani et al., 1987;
Gleadall, 1993).

Minor to moderate subsistence and local catch with
spears or lures for human consumption. Minor
commercial harvests in Indonesia, Philippines

and Hawaii (Norman, 1992a; Young and Harman,
1997); Tanzania (Guard and Mgaya, 2002);
Rodrigues (Sauer et al. 2011).

Minor trawl harvest (Okutani et al., 1987; Gleadall,
1993).

Minor bycatch in lobster and trawl fisheries
primarily as bait, with some targeted operations
for human consumption (Stranks, 1988a; Brock
and Ward, 2004; Brock, 2006; Harrington et al.,
2006).

Historical records from fish markets in Singapore
(Norman, unpubl. data).

Minor to moderate trawl bycatch (Okutani et al.,
1987; Kim, 2008); species name may represent
multiple species.

Minor harvest in pot fisheries (Stranks, 1988b;
Leporati et al., 2009).

Minor trawl bycatch (Hochberg, 1997b).

Minor intertidal artisanal fishery on North
Patagonian coast, by hooks (Iribarne, 1991a;
Narvarte, 2007).

Historical records from fish markets in Thailand
(Norman, unpubl. data).

Family Argonautidae
Genus Argonauta

Argonauta argo

Indo-West Pacific

Historical collection and market sales following
mass strandings (Okutani and Kawaguchi, 1983).
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Fig. 4 Total world export value for octopus fisheries 1980 to 2009
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Fig. 6 Total world chondrichthyan production 1980 to 2010
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Fig. 8 Total world octopus production 1980 to 2010
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Fig. 9 West Africa octopus production 1980 to 2010
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Fig. 10 Gulf of Thailand octopus production 1980 to 2010
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1.6 ILLUSTRATED GLOSSARY OF TECHNICAL TERMS AND MEASUREMENTS*

arm length head

— hectocotylized arm length — — mantle length

total length

a) Schematic illustration of an incirrate octopod

total
length g e
mantle
[ length
mantle E
length : i fin i i " fin
| " length - length —
{head: | 5 head
width width
mantle
width
b) Schematic illustration of a cirrate octopod c) Schematic illustration of a vampire squid

Fig. 11 Schematic illustration of octopods and vampire squids

* According to cephalopod scientific terminology standards (see Roper and Voss, 1983; Norman and Sweneey, 1997).
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Abdominal septum — Median septum that internally bisects
the mantle cavity parallel to the body axis. It extends from
the ventral surface of the visceral mass to the dorsal surface
of the ventral mantle wall. The ventral mantle artery runs
along the dorsal edge of this septum.

Aboral — Away from, or on the opposite side to, the mouth.

Abyssal — The great depths of the ocean: from 2 000 to
6 000 m.

Acetabulum — The central, open, water-filled cavity or cup
of cephalopod suckers, responsible for suction on muscular
expansion. Surrounded by an outer rim (infundibulum),
often flared in incirrate octopods (Fig. 29).

Adult — Afemale whose ovary is filled with mature eggs or a
male that has spermatophores presentin the spermatophore
storage sac (=Needham'’s sac).

Anal flaps —A pair of small conical or paddle-like appendages,
one on each lateral edge of the anus, present in octopod
species that produce ink. The flaps function to direct releases
of ink (Figs. 15).

Anterior — Toward the head-end or the arm-tips of
cephalopods.

Anterior salivary glands — Glands on, or in, the buccal mass
that aid in preliminary digestion (Fig. 15; see also Posterior
salivary glands).

Anus — Terminal opening of the digestive tract in the anterior
mantle cavity, occasionally extends to inside of the funnel,
through which digestive waste products, as well as ink, are
expelled (Fig. 15).

Apomorphic — Derived from a more ancestral condition.
Loosely considered the ‘advanced’ condition.

Arm(s) —Recommended term for the circumoral appendages
of coleoid cephalopods. Arms are designated by numbers or
Roman numerals, i.e. 1 to 4 or | to IV, starting with 1 or | as
the dorsal (or upper) pair (Fig. 16). Arms also are designated
as being on either the right or left side (R1, R2, etc.). In
vampire squids, a pair of long filamentous structures emerge
from pits situated between arms | and Il. Cirrate and incirrate
octopods have only eight arms.

Arm crown — In octopods the ring of 8 arms that surround the
mouth, including the webs. Also known as the Brachial crown.

Arm formula — Comparative length of the four arm pairs
expressed numerically in decreasing order: the longest
arm is indicated first and the shortest last, e.g. 4>3>2>1.
If 4>3=2>1, then arm pair 4 is the longest, followed by arm
pair 3 which is the same length as arm pair 2 and both are
longer than arm pair 1. In octopods, the non-hectocotylized
arm 3 (right or left) is used in this formula.

Armature — (1) For limbs, the grappling structures of the
arms and tentacular clubs, including suckers, sucker
rings, and/or hooks. (2) For spermatophores, the internally
facing teeth found within the ejaculatory apparatus of
some octopod species (e.g. Eledone moschata or
Amphioctopus aegina) that are splayed on the external
surface of the everted spermatophore and aid in penetration

into the female’s oviducts and/or ovary.

Bathypelagic — Descriptor of mode of life or habitat for
midwater within the deep sea. Often refers to pelagic species
that occur at great depths, e.g. greater than 1 000 m.

Beaks — The chitinous jaws of cephalopods, comprising
of two halves bound in powerful muscles. The dorsal beak
component is referred to as the ‘upper’ beak and it inserts
within the ‘lower’ (ventral) beak. The two components act in
concert to cut tissue with a scissors-like action.

lower beak upper beak

Fig. 12 Beaks

Benthopelagic — A free-swimming animal that lives just
above the ocean floor but rarely rests on the substrate.

Bilateral symmetry — The symmetry exhibited by an
organism or organ where one plane can divide the form into
two halves that are mirror images of each other.

Bioluminescence — The production of light by living
organisms, sometimes called ‘living light. The light is
produced through a chemical reaction that generally takes
place in complex organs called photophores or light organs.

Brachial — Pertaining to the arms.

Brachial crown — The combination of arms that surrounds
the mouth. Also known as the Arm crown.

Branchial — Pertaining to the gills.

Branchial canal — A large opening at the base of each gill
lamella and between the primary afferent and efferent blood
vessels of the gill. A branchial canal is absent in cirrate
octopods.

Branchial gland — Elongate or spheroidal gland adjacent
and parallel to the gill's attachment to the mantle wall.

Branchial heart(s) — Accessory hearts located at the base
of each gill that function to pump blood to the gills.

Brooding — Incubation of eggs by the female. The eggs are
attached to a substrate or held in the arms of the female.
Characteristic feature of incirrate octopods.

Buccal — Pertaining to the mouth.

Buccal mass — Muscular bulb at the anterior-most part
of the digestive system that consists of the mouth, beaks,
radula, muscles, and anterior pair of salivary glands
(Fig. 15).

Buoyancy (neutral, positive, negative) — The tendency to float
in seawater. A neutrally buoyant object does not rise or sink but
maintains its position in the water; a positively buoyant object
will rise; and a negatively buoyant object will sink.
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Calamus — The conical projection at the base of the ligula at
the distal tip of the hectocotylized arm of octopods. Located
at the distal terminus of the spermatophore groove, distal to
the last sucker (Fig. 13) (see Ligula).

sucker

calamus l

‘ ligula length
spermatophore

groove

ligula

Fig. 13 Distal tip of the hectocotylized arm
in octopuses

Calcified — Chalky, calcareous material of calcium salts
(calcium carbonate), formed through deposition.

Cement body - Structure within spermatophores that
draws the sperm cord into a bulb during spermatophore
eversion (Fig. 26).

Cephalic cartilage — Cartilage-like tissue that envelops the
posterior part of the brain of cephalopods and encompasses
the statocysts. The cartilage has a large central opening
through which the oesophagus passes and minor foramina
channels for nerves and blood vessels.

Cephalopoda - The Class within the Mollusca
characterized by bilateral symmetry, internal ‘shell’ or
absence of shell (except nautiluses and female argonauts),
anterior head appendages and funnel, posterior mantle,
mantle cavity with organs, and fins when present.

Character state — A particular condition of a morphological
character of taxonomic value. For example, the character
‘sucker’ may include the two states: sucker with a chitinous
or horny ring; or sucker without a horny ring.

Chemotactile — Sensory capacity to ‘taste’ chemicals
through direct touch contact, e.g. as in octopus suckers
(see also Olfactory organ).

Chitin(ous) — A horny, polysaccharide substance
(fingernail-like) that forms the sucker rings, hooks, beaks,
and stylets of octopods and other cephalopods.

Chorion — A tough secreted membrane that encapsulates
the egg.

Chromatophores — Pigment-filled, muscular sacs in the
skin under individual nervous control that collectively
provide the background colour, colour patterns, and colour
dynamics of cephalopods.

Circumoral appendages — Collective term for the limbs
of cephalopods, e.g. the eight arms of Octopodiformes.
All arise from the head and encircle the mouth (see Arm
crown).

Cirri (singular cirrus) — Elongate, fleshy, finger-like
projections that are present along the lateral edges of the
sucker row in cirrate octopods and vampire squids squid
(Fig. 14). Terms formerly used with reference to erected
papillae on the skin of incirrate octopods, usually over the
eyes.

web

suckers

\cirri

mouth

Fig. 14 Cirri on arms of cirrate octopods
(oral view)

Coelom — An internal body cavity of mesodermal origin that
is lined by an epithelium. Cephalopods have two coeloms:
the viscero-pericardial (body organs and heart) coelom; and
the nepbhridial (renal or kidney) coelom.

Coleoid — Cephalopods from the subclass Coleoidea, which
includes the maijor living groups of squids, cuttlefishes,
octopods and vampire squids. Nautiluses and extinct
shelled cephalopods such as the ammonites belong in the
subclass Nautiloidea (see Fig. 2).

Cornea — Smooth, thin, turgid, transparent skin without
muscles that covers the eyes to protect the eye lenses of
incirrate octopods.

Counter shading — Body pigmentation in cephalopods that
is darker on the dorsal and lateral surfaces of the mantle,
head, and arms, and lighter on the ventral mantle and
arms. It allows an animal to conceal its body from predators
looking up towards lighter shallow water or down against a
dark bottom (see also Reverse counter shading).

Crop — Expansion (i.e. a broadening or a side pocket)
of the oesophagus for storing ingested food, prior to its
entering the stomach. Present in nautiluses and most
octopods (Fig. 15).

Crop diverticulum — A distinct side-branch of the crop
section of the gastrointestinal tract found in many octopod
groups (Fig. 15).

Decapods (Decapodiformes) — Cephalopods with ten
limbs, namely squids and cuttlefishes. As opposed to
octopods (Octopodiformes) that have eight arms but lack
the additional two feeding tentacles.

Demersal — Organisms that live close to the ocean floor.
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Diel vertical migration — Vertical animal migration during
twilight periods. Many mesopelagic animals migrate at
sunset to shallow depths where they spend the night
feeding. At sunrise they descend from near-surface waters
to spend the day hiding at greater, darker depths. Some
animals migrate vertically over 1 000 m, others migrate less
than 100 m.

Digestive gland — The liver equivalent of cephalopods.
The primary organ that secretes digestive enzymes
and plays roles in digestion, absorption, and excretion
(Fig. 15).
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Fig. 15 Digestive system terminology

Distal — Away from the central region of the body or point
of origin; toward the peripheral or outer parts (opposite of
proximal).

Dorsal — The uppermost surface of a cephalopod, opposite

to the ventral surface where the funnel is located (Fig. 16).

dorsal

mantle
eye arms
1I
11T
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funnel hectocotylized arm

gills

ventral

Fig. 16 Schematic lateral view of octopus features

Ejaculatory apparatus — Portion of the spermatophore
(distinct from the sperm reservoir) that performs the
eversion of the spermatophore and extrusion of the sperm
mass (Fig. 26).

Epipelagic zone — The uppermost pelagic zone of the
ocean, typically considered the upper 200 m.

Epithelial pigmentation — The pigmentation contained
in epithelial cells that are unable to change their
shape/expression in the absence of muscles and
nerves. Colour in most cephalopods, however, is
created by pigment granules contained in specialized
organs, the chromatophores, that can change shape
rapidly, by muscular action under nervous control (see
Chromatophores).

Eye (position and size) — Eyes are the primary sensory
organs of cephalopods; they usually are large and located
one on each side of the head (Fig. 16). In contrast, some
species have small eyes, eyes on stalks, or telescopic eyes.

Family — The group (taxon) above the genus level,
comprised of the most closely related genera.

Fin(s) — The pair of muscular flaps that arise along the
dorsolateral surface of the mantle of vampire squids and
cirrate octopods. Used for locomotion, steering, and
stabilization (Figs. 11, 17).

fins

Fig. 17 Vampyroteuthis infernalis (dorsal view)

Fin attachment — Point of attachment to the mantle, the
opposite fin, or combination of both.

Fin cartilage — Cartilage associated with the fins of all
fin-bearing cephalopods, including cirrate octopods and
vampire squids.

Fin length — Length from anterior lobe, or anterior-most
attachment of fin lobe, to posterior-most attachment of fin to
mantle or tail (Fig. 11).
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Foot — See Molluscan foot.

Funnel — The ventral, subconical tube through which water
is expelled from the mantle cavity during locomotion and
respiration. Ink and waste products also pass through the
funnel (Fig. 16). Archaic term: siphon.

Funnel-adductor muscles — Muscles that support the
lateral attachment of the funnel to the head.

Funnel organ — Glandular pad(s) on the internal surface of
the funnel. In octopodiformes the form is species-specific
and varies from a single W-shape, to a double V-shape, to
three or four separate components (Fig. 18).

Indistinct in frozen or poorly preserved material. Soluble
dyes such as methylene blue can help to make the outline
of this structure more obvious.

funnel opening

medial limb

l

<«—— lateral limb

Fig. 18 Funnel organ of incirrate octopod
(W-shaped)

Funnel-retractor muscles — Large muscles that attach to
the corners of the funnel and run posteriorly to attach to the
sides of the shell sac (generally near the base of the gills)
or, in some species, insert on the interior mantle wall.

Genus — The taxon (group) below the family level and
above the species level.

Gill — Primary organ for the exchange of respiratory gases
with seawater. Composed of multiple gill lamellae (Fig. 22).

Gill lamella (pl. lamellae) — The leaf-like, convoluted,
individual components of the gill through which gas
exchange occurs. Forms inner and outer rows on the gill
with a medial terminal lamella (Fig. 22).

Gonoduct(s) — Tubular structure(s) of the reproductive
system which serve to transport reproductive products from
the gonad(s) to the exterior (see Oviducts).

Hatchling — Young cephalopod, newly hatched from the egg.

Head-mantle fusion — Zone of fusion of head and mantle;
varies among groups/families; of systematic and biological
significance.

Hectocotylized arm(s) — One (or more) modified arm(s) in
male cephalopods used to transfer spermatophores to the
female. In octopods, refers to the entire arm, typically the
third right or third left arm (Figs. 11, 16). Often called the
Hectocotylus. (See also Calamus, Ligula) (Fig. 13).

In some octopods (e.g. Argonauta), the entire arm is
detached and left in the mantle cavity of the female.
(Fig. 19) .

<«—— distal

~<«—————proximal

Fig. 19 Argonauta hians -
detached hectocotylized arm

Hectocotylus — See Hectocotylized Arm.

Holotype — The single specimen designated by the original
author in formal taxonomic descriptions to represent a hew
species name. An international standard of reference that
provides objectivity and stability for species names (see
also Type material).

Horizontal arm septa — Septa that extend the length of
the arms (i.e. parallel to the arm axis), that roughly divide
the arms into oral and aboral regions (Fig. 20). This feature
is characteristic of the arms of cirrate octopods as well as
incirrate octopods of the family Bolitaenidae. The functional
significance is unknown.

Fig. 20 Horizontal arm septa

Inferior frontal lobe system — A system of lobes in octopod
brains: the paired posterior buccal; lateral inferior frontal
and subfrontal lobes; and the single median inferior frontal
lobe. They form a functional unit concerned with processing
chemotactile information from the arms.

Infundibulum — The disc (or plate-like) rim of cephalopod
suckers that surrounds the opening to the acetabulum
(Fig. 29).

Ink sac — The structure that manufactures and stores the
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ink of cephalopods. The sac is situated on (or embedded
in) the ventral surface of the digestive gland. It is oriented
parallel with the intestine and empties via the ink duct into
the rectum (or at the level of the anus) (Fig. 15).

Intestine — Distal region of the alimentary canal between
the stomach/caecum complex and the anus (Fig. 15).

Iridophores — Platelet-like components of the skin that
form an iridescent or reflective sheen in cephalopods.
May be concentrated in particular skin regions, as in
the iridescent blue rings of some ocellate octopuses
and members of the genus Hapalochlaena, or may be
dispersed throughout the skin to produce a general body
iridescence.

Iteroparous — A reproductive strategy in which females
spawn repeatedly over a period of years as in Nautilus.
Most extant cephalopods are semelparous and spawn only
once towards the end of their lives (see Semelparous).

Juvenile — Immature life history stage between the
hatchling and the nearly mature subadult stages.

Keel — A raised ridge of skin around the lateral margin of
the mantle in incirrate octopods (also referred to as Lateral
ridge) (Fig. 21).

7

keel

Fig. 21 Lateral view of mantle of an incirrate
octopod

Lateral — Pertaining to the side(s) of an organism or
structure, away from the centre or midline.

Lateral-line analogue — Sensory structure analogous to
the lateral-line of fishes. The lateral-line analogue, which
senses vibrations transmitted by seawater, is located along
a series of lines on the dorsal surface of the head. Some
sensory cells extend onto the bases of the arms.

Lateral ridge — A narrow, horizontal, ridge of skin along
the lateral sides of the mantle of incirrate octopods (also
referred to as a Keel) (Fig. 21).

Lectotype — See Type material.

Leucophores — The white-reflecting components of the
skin of some octopods, particularly shallow-water members
of the family Octopodidae.

Light organ — A simple or complex structure that produces

bioluminescence by intrinsic (self-generated) or extrinsic
(bacterial) means (also referred to as a Photophore).

Ligula — The spatulate or spoon-shaped terminal structure
at the tip of the hectocotylized arm in males of most
species of incirrate octopods. Used to hold spermatophores
as they are inserted into the female’s oviducts (Fig. 13).

During mating, spermatophores are transferred from
the terminal organ within the mantle cavity to the
spermatophore groove that runs along the edge of the
hectocotylized arm, then gripped by the ligula when
they are transfered to the female. (see Calamus,
Hectocotylized arm).

Mantle — The fleshy (muscular), tubular, or sac-like body
of cephalopods; provides propulsion through jet-like
expulsion of water through the funnel; contains the viscera
(Fig. 11, 16).

Mantle cavity — Space enclosed by the mantle. In
cephalopods, the mantle cavity contains the visceral
organs, gills, anus, openings of the gonoducts, nephridial
pores, plus various muscles and septa (Fig. 22).

gill
gill lamella
renal
sac
oviducal / oviducal
gland gland
vy /
oviducts

digestive gland

Fig. 22 Internal organs of female octopus

Mantle length (ML) — The standard measure of length
in coleoid cephalopods. In octopods, mantle length is
measured from a line joining the mid-point of the eyes
(rather than the anterior mantle margin, since the latter is
obscured by the head/mantle fusion, as used in squid and
cuttlefishes) to the posterior-most margin of the mantle
(Fig. 11).

Mature — In cephalopods this term refers to sexual maturity,
which is determined for females by the presence of
mature eggs in the ovary or free in the oviducts (Fig. 22),
and for males by the presence of spermatophores in the
spermatophore storage (formerly Needham'’s) sac (Fig. 27)
(see Adult).
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Medial (Median) — Pertaining to a structure located toward,
on, or along the dorsal or ventral midline.

Mesopelagic zone — The middle-depth zone of the pelagic
realm of the ocean, generally considered to be from 200 to
1 000 m deep.

Mollusca — One of the major invertebrate phyla. Some
of the more common molluscs are snails and clams. The
Cephalopoda is a class within the Mollusca.

Molluscan foot — A major structure in molluscan
morphology. In gastropods the foot is the muscular sole
that the animal crawls with. In cephalopods the funnel,
and possibly the arms and tentacles are derived from the
molluscan foot. The evolutionary origin of the latter is still
uncertain. They may represent outgrowths of the head
(favoured by anatomical evidence of the nerve connections)
or modifications of the molluscan foot that have migrated
around the mouth (favoured by embryological evidence, the
migration of arm primordia).

Monophyletic group —Anatural group (taxon) that shares a
common ancestor, compared to a polyphyletic group where
members with multiple ancestry are artificially grouped.

Needham'’s sac — See Spermatophoric storage sac.

Neocoleoid — The neocoleoids are a division of cephalopods
within the subclass Coleoidea that contain the Recent
cuttlefishes, squids, and octopods.

Neotype — See Type material.

Nephridial coelom — The cavity of the renal (kidney) sac.
It connects with the exterior via the renal or nephridial pore
and with the viscero-pericardial coelom via a pair of slender
ducts. In incirrates two separate renal cavities are present.

Nephridial papillae — Small raised openings to the mantle
cavity from the renal cavities (also referred to as renal
pores).

Neritic — The region of the ocean that overlies the
continental shelf.

Nominal species — A species that has been formally
described and is based on a morphological type specimen.
It is an available name but not necessarily a valid species.

Nuchal organ — Small sensory organ with photoreceptor-like
sensory cells that is located in the nuchal (neck) region of
coleoid cephalopods.

Nuchal region — The dorso-lateral area around the
posterior part of the head in cephalopods and the area
immediately posterior to it (the neck analogue). Normally
covered by the anterior mantle wall.

Ocellate — Referring to octopuses that possess false
eyespots (see Ocellus).

Ocellus (pl. ocelli) — A pigmented spot or patch, used in
alarm displays to give the appearance of the head of a
larger animal. An ocellus usually consists of a dark round
or ovoid spot of concentrated chromatophores, but also
may possess an additional outer concentric dark or light

ring. Ocelli occur in some octopus species (one each on
the lateral arm crown in members of OCtopus sensu stricto
and Amphioctopus, or as a pair on the dorsal mantle in
Euaxoctopus). Some species possess an iridescent blue,
purple, gold, or green ring within the dark ocellus spot (also
called False eyespot).

Octopodiformes — Higher-level taxon that includes
all eight-limbed cephalopods: vampire squids, cirrate
octopods, and incirrate octopods. Because of the long
history of referring to these cephalopods by the common
name ‘octopods’, this term is used as the common name
for all members of the Octopodiformes (see Fig. 2 - Living
Cephalopods).

Octopods — Common name for Octopodiformes.

Oesophagus — The portion of the digestive tract between
the buccal mass and the stomach (Fig. 15). In some
species the distal or posterior region of the oesophagus
is expanded to form a crop for food storage (see Crop).

Olfactory organ — A chemosensory organ. In octopods in
the form of a shallow rimmed pit, one each present at the
inside of the lateral margins of the mantle aperture (also
referred to as olfactory papilla or olfactory pit).

Optic lobes of brain — Large lobes of the brain associated
with the eyes. In octopods and some squids the optic lobes
may be separated from the rest of the brain by an optic stalk
of varying length.

Oral — Toward, or pertaining to, the mouth.
Order — The taxonomic category above the family level.

Oviduct(s) — Female gonoduct(s). The oviduct(s) conduct
eggs from the ovary to the mantle cavity. In octopods each
oviduct is divided into proximal and distal portions on either
side of the oviducal gland. Incirrate octopods and vampire
squids have two oviducts while cirrate octopods possess a
single oviduct (Fig. 23).
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Fig. 23 Female octopus reproductive tract
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Oviducal gland — Swollen glandular structure that surrounds
the middle of the oviduct and secretes the external coating
of the spawned eggs and produces the cement for egg or
egg string attachment. This gland divides the oviduct into
proximal and distal portions. It can also contain seminal
receptacles for sperm storage (Fig. 23).

Papilla (pl. papillae) — Conical or flattened projections of
skin present on the dorsal and lateral mantle, head, and
arms of many incirrate octopods used in camouflage and
other body displays. May consist of a single, simple digit
or may possess side branches to form a tree-like structure.
Depending on size and location papillae typically are
defined as primary (1°), secondary (2°), tertiary (3°), etc.
Large papillae over each eye are referred to as supraocular
papillae, and, formerly were referred to as “cirri” (e.g.
Eledone cirrhosa, Octopus tetracirrhus, Scaeurgus
unicirrhus).

Paralarva (pl. paralarvae) — The term for the first free-living
life history stage (typically planktonic) for those cephalopods
that differ in morphology and ecology from later growth
stages (Fig. 24).

dorsal view ventral view

Fig. 24 Octopus paralarvae

Pelagic — (1) Free swimming in open ocean; (2) The region
of the ocean away from the ocean floor.

Penis — (See Terminal organ).

Photocytes — Cells that produce bioluminescence in
photophores.

Photophore — An organ that produces and distributes
bioluminescence or ‘living light’, either intrinsically through
biochemical reaction or extrinsically through culture of
luminescent bacteria. For octopods, photophores are only
known in the vampire squid, Vampyroteuthis infernalis,
the cirrate octopod, Stauroteuthis syrtensis, and females
of the pelagic octopod family Bolitaenidae (also referred to
as Light organ).

Phylogeny — The deduced evolutionary relationships that
connect living and extinct creatures. The study of the tree of
evolutionary origins.

Phylum — The major, formative, principal taxonomic level;
above ‘Class’.

Polarity (evolutionary) — The direction of evolution. That
is, one state is ‘primitive’ (plesiomorphic) and another is
‘derived’ (apomorphic).

Polarize (evolutionary) — To determine the direction,
or polarity, of evolution. That is, to determine which
state is ‘primitive’ (plesiomorphic) and which is ‘derived’
(apomorphic).

Posterior — Toward the closed end of the mantle; away
from the head and arms.

Posterior salivary glands — Second pair of salivary glands
located posterior to the buccal mass; typically much larger
than the anterior salivary glands (Fig. 15).

Proximal — Situated nearest or next to the centre of the
body or nearest the point of origin or attachment of a
muscle or appendage (opposite of distal).

Pseudomorph — An ejected mass of ink and mucous that
approximates the size and shape of the cephalopod that
released it; i.e. a false body that fixes the attention of a
predator while the cephalopod escapes.

Pseudoocellus — The term given to the pair of white oval
spots, one each on the lateral arm crown between arms 2
and 3, formed by dense leucophores in the skin of certain
octopuses, e.g. ‘Octopus’ micropyrsus.

Pseudophallus — (See Terminal organ).

Radula — The chitinous, ribbon-like band in the mouth
of cephalopods (tongue equivalent), containing up to
seven longitudinal rows of teeth that aid in the tearing and
transport of food into the oesophagus (Fig. 25). Note: the
radula is not used for drilling, this is done by the toothed
Salivary proboscis.

teeth

Fig. 25 Octopus radula

Recent — Geological term referring to an organism or
species that is living or has lived within the past 10 000
years, or to an object formed or events that have occurred
within the past 10 000 years.

Renal appendages — Structures that form the nephridium
kidney. The renal appendages are out-pockets of the veins
within the renal sac that are covered with renal epithelium.
The renal sac empties into the mantle cavity via the renal
(or nephridial) pore.
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Renal pore — The opening(s) of the renal cavities into the
mantle cavity, through which urine is discharged.

Reverse counter shading — Body pigmentation in some
incirrate octopods that is darker on the ventral and lateral
surfaces of the mantle, head, and arms, and lighter on
the dorsal mantle and arms. Considered an adaptation for
life on light-coloured substrates in deep waters (see also
Counter shading).

Salivary gland(s) — Paired glands that produce salivary
enzymes and, in some octopod species, paralysing toxins.
Typically consists of a pair of anterior salivary glands
attached to the buccal mass and a pair of larger posterior
salivary glands adjacent to the oesophagus/crop (Fig 15).

Salivary proboscis —A muscular papilla that lies just below
the radula in incirrate octopods. The anterior tip is covered
with very small teeth. Functions as an accessory radula to
drill tiny holes in mollusc shells and crustacean carapaces
in order to administer paralysing or muscle-relaxing toxins.

Secondary fin — A non-muscular, fin-shaped structure
found in juvenile vampire squids; lost with growth.

Secondary web — The narrow membrane that connects
the primary web to the arms in some cirrate octopods; e.g.
Cirroteuthidae.

Semelparous — A reproductive strategy in which females
spawn once then die. Sometimes called terminal or
‘big-bang’ spawners. Many octopods are semelparous but
in some species reproduction is prolonged (up to 50% of
the ontogenesis).

Seminal receptacle —A cavity or invagination for deposition/
storage of spermatangia. Present within the oviducal glands
of some incirrate octopods (see Spermatheca).

Sepioid gills — Gills of some cirrate octopods that take the
form of a swollen half orange that is superficially like the gills
of sepioid cephalopods. Contrasts to the tree-like shape of
typical octopod gills.

Species — Populations of animals that interbreed or are
potentially capable of interbreeding in nature. Considerable
debate exists over the general definition of a species and
how the theoretical definition should be applied in practice.

Cephalopod species generally are defined by distinct
morphological traits not exhibited by any other species. This
practice is valid if interbreeding does not occur. However,
the amount of interbreeding (i.e. hybridization) that actually
occurs in nature and contributes to or diminishes speciation
is virtually unknown in cephalopods.

Sperm bulb — See Spermatangium.

Sperm cord — The coiled rope of sperm that lies within the
sperm reservoir of the spermatophore (Fig. 26).

Spermatangium (pl. spermatangia) — The encapsulated
mass of sperm formed on eversion of spermatophores,
often in the form of a round bulb.

Spermatheca (pl. Spermathecae) — Specialized structures
for deposition and storage of sperm; found as pockets or

invaginations of the oviducal gland in octopods. (Also
referred to as Seminal or Sperm receptacles).

Spermatophore — A complex tubular structure produced
by male cephalopods for encapsulating and transferring
sperm to the female (Fig. 26). It typically consists of two
parts: a sperm reservoir containing a coiled sperm cord;
and an ejaculatory apparatus (often coiled) responsible
for everting the spermatophore. On eversion the sperm cord
is drawn out into an expanded bulb (spermatangium) that
is placed on or in the female’s skin or implanted in special
receptacles (spermathecae), oviducts, oviducal glands, or
the ovary.

sperm reservoir sperm cord

Voo
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Fig. 26 Spermatophore

Spermatophore groove — Groove (sulcus) along the ventral
edge of the hectocotylized arm in which spermatophores
are gripped and transferred (Fig. 13).

Spermatophore storage sac — The elongate,
membranous organ of males where mature, functional
spermatophores are stored. It opens into the mantle
cavity or directly into the water through the terminal organ
(Fig. 27). (Needham'’s sac is an obsolete equivalent term
not currently used to describe octopod anatomy).

Spermatophoric complex — The unit formed by the sperm
duct, the spermatophoric gland, the spermatophoric duct,
the accessory spermatophoric gland, the spermatophore
storage sac, and the terminal organ (Fig. 27).
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Fig. 27 Male reproductive tract in octopuses
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Spermatophoric gland — Tubular organ in the male
reproductive tract where the spermatophores are formed
(Fig. 27).

Spermatophoric reaction — The evagination of a
spermatophore with the extrusion of the sperm mass, caused
by the penetration of water inside the spermatophoric cavity,
where the osmotic pressure is higher.

Stalked eyes — See Eye (position and size).

Statocyst — A sense-organ that detects gravity, angular
accelerations, and low-frequency sound. The statocyst is
embedded within the cephalic cartilage and contains the
statoliths.

Statolith — A tiny calcareous concretion in the statocyst
that detects linear acceleration, angular acceleration, and
orientation. Statoliths of many species can be ground down
and used to estimate age on the basis of internal rings.

Stellate ganglion — Pair of major ganglia of the peripheral
nervous system of neocoleoid cephalopods that controls
nerves to the mantle muscles, located inside of the lateral
mantle walls.

Stomach — The muscular organ of the digestive system
where primary digestion occurs (Fig. 15). The stomach
generally is lined with cuticular ridges to aid in grinding
food, and is supplied with digestive enzymes from the
digestive gland.

Stylets — A pair of rod-like, chitinous, structures considered
remnants of the molluscan shell in incirrate octopods.
Generally in the form of a slender, pointed rod tightly
surrounded by the shell sac and buried in the mantle
muscle at a dorso-lateral position. Possess a mineralized
or calcareous core in some species (e.g. Scaeurgus)
(Fig. 28).

Fig. 28 Stylet in incirrate octopods

Subadult — Stage of maturity at which all of the characters
that typically define the species are present, but the
reproductive system is not mature and functional. It
follows the immature stage and precedes the adult stage.
A subadult stage is defined in cephalopods since the adult
phase frequently is abbreviated.

Subequal — Nearly equal. Generally refers to the length of
the arms when these appear to be approximately the same
length.

Sucker — Muscular, suction-cup structure on cephalopod
arms and tentacles (occasionally on the buccal membrane
in some squids). It consists of a cup-shaped portion, the
acetabulum, and a flat, distal ring, the infundibulum,
which contacts the substrate or prey. Suckers can be
stalked, placed on muscular rods that contract (squids and
cuttlefishes), or sessile, embedded without stalks on the
oral surface of the arms (octopods) (Fig. 29). In octopods
suckers are counted in longitudinal rows, i.e. 1 or 2 rows.

acetabulum

infundibuulum

Fig. 29 Sucker

Sucker rows — The number of longitudinal rows of suckers
on octopod appendages, sometimes called ‘series’.
Typically 1-2 in octopods.

Superior buccal lobes — Lobes of the central nervous
system that occur dorsal to the oesophagus where the latter
enters the buccal mass.

Swimbladder — Gas-filled structure found in the dorsal
visceral mass of the pelagic octopod, Ocythoe.

Synonym — One of two or more names applied to the same
taxon/species. Senior synonyms are the older valid names
and junior synonyms are more recent names.

Syntype — See Type material.

Systematics — The classification of organisms into
hierarchal groups based on evolutionary (phylogenetic)
relationships.

Taxon (Taxa) — A taxonomic group, or unit, of any rank.

Terminal organ — The muscular, terminal portion of the
male reproductive tract that transfers spermatophores
to the female or into the spermatophore groove on the
hectocotylized arm of the male. Alternative name for
penis, as the true definition of a penis is ‘organ of insertion’
(Fig. 27).

Total length (TL) — Length measured from the posterior
margin of the mantle to the anterior or distal tip of the longest
of the outstretched arms (octopods) (Fig. 11).
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Type material — Formal taxonomic term referring to the
original specimens (one or more) on which a scientific
name of a species is formally based. Holotype refers to
the primary specimen to which the scientific name attaches.
Paratypes are a supporting series of specimens for the
same species. Syntypes refer to multiple specimens that
are presented in an original species descriptions as a series
without a specific holotype. Lectotype refers to a specimen
from a type series that is designated by subsequent authors
as the equivalent of a holotype, where none had been
designated in the original description. Neotype refers to
a specimen designated by subsequent authors where the
original type material has been lost, or destroyed.

Ventral — The lowermost or belly surface of a cephalopod,
i.e. the surface on which the funnel is located. Opposite to
the dorsal surface (Fig. 16).

Visceral sac — The body region posterior to the head
surrounded by the mantle. The body wall that encases
the viscera usually is rather thin-walled, hence the name
‘visceral sac’. Also called the ‘visceral dome’.

Water pores — (1) Large cephalic orifices at base of
the arms of some pelagic octopods, e.g. Tremoctopus
(Fig. 30a); (2) Historical name for eight small openings to
the web pouches located at the base of the arms on the
oral web of the incirrate octopod genus Cistopus (Fig. 30b).

<« web

Fig. 30 Water pore \water
1a) Tremoctopus - 2b) Cistd9{rs

web

/

<«——— water
pore

b) water
pouch

Fig. 30 Water pores
a) Tremoctopus - b) Cistopus

Web — The membranous skin and muscle sector that
extends between the arms of many octopods, giving an
umbrella-like appearance when the arms are spread out,
especially conspicuous in cirrate octopods (Fig. 11b).

Web pouches — Glandular pouches, each with a muscular
pore or opening situated in the oral webs between
the base of each arm in the incirrate octopods genus
Cistopus. When full, these pouches contain mucous-like
liquids. Historically called “water pouches”. There is no
evidence that these pouches contain water (Fig. 30b).

Web nodule (cirrates) — A muscular spherical nodule
attached to the webs of some deep-sea cirrate octopods.

White spots - Conspicuous spherical white spots consisting
of dense leucophores on the dorsal mantle and head of
some octopod species. The presence or absence, and
location helps to define genera and species especially of
octopuses.
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2. OCTOPODS AND VAMPIRE SQUIDS

by Mark D. Norman, Frederick G. Hochberg and Julian K. Finn

his group contains 13 families and over 300 species including all the bottom-living (benthic) and free-swimming

(pelagic) octopods, as well as the unusual vampire squid, Vampyroteuthis infernalis. These cephalopods share
eight arms and lack the pair of elongate feeding tentacles of the true squids and cuttlefishes. Vampire squids possess a
pair of long filament-like appendages that retract into pouches between the first and second arm pair. These structures
have been considered by some researchers as limb homologues (see Young, 2014), placing the vampire squid in an
intermediate position between the octopods and the decapodiform cephalopods (cuttlefishes and squid). Octopodiforms
lack the buccal crown found in many other cephalopods. The suckers are symmetrically rounded and lack a horny ring.
They never possess hooks as found in some squid groups (e.g. family Gonatidae). Female octopodiforms lack nidamental
glands, the glands that produce the jelly-like coatings of eggs in squids and cuttlefishes. The deep-sea cirrate octopods
and the vampire squid have fins on the body and rows of finger-like cirri adjacent to the suckers.

This group has representatives in all oceans, from intertidal reefs to depths of at least 7 000 m.
Key to incirrates, cirrates and vampire squids

la. Finspresentonmantle . . . . . . . . . -2
b, FINSabsent. . . . ..o Incirrate octopods

2a. Always a single pair of fins. Pits containing thread-like filament absent. Light organs absent or as highly modified
suckers. Only left oviduct presentinfemales . . . . . .. .. .. ... ... .. .. ... . Cirrate octopods
2b. Two pairs of fins in juveniles. One pair of fins in adults. Pair of pits on external (aboral) web between bases of arms
1 and 2, each contains a long thread-like filament. Pair of large light organs on posterior mantle. Both oviducts
presentinfemales . . . . . . . .. Vampire squids

2.1 Incirrate octopods
by Mark D. Norman, Frederick G. Hochberg and Julian K. Finn

Incirrate octopods contain the familiar benthic octopuses (family Octopodidae) and seven less familiar families of
pelagic octopods. They are united by 8 arms with 1 to 2 rows of sessile suckers and

the absence of fins or cirri. Females of all members of this order brood their young,

tending and remaining with the eggs until hatching.

Key to families

la. Eyes telescopic, situated close together on dorsal surface of head; body and
arms soft, semi-gelatinous; funnel fused to ventral mantle to form two openings
to the mantle cavity (Fig. 31). . . . . . Family Amphitretidae (Ctenoglossan
octopods)*

1b. Eyes lateral, round to oblong, not telescopic; body and arms muscular or
semi-gelatinous; funnel free from ventral mantle, single opening to mantle
CAVIEY. v v vt e e e e e e e e e e e e e e e e —2

2a. Body and arms very soft and semi-gelatinous, transparent in all life stages
................................................ —3
2b. Body and arms muscular, transparent only in smallest juveniles
-5 dorsal view
Fig. 31 Amphitretidae
(Amphitretus)

* At the time of going to press, Strugnell et al. (2013) published a major revision of the familial level classification of the incirrate octopods. They propose a single
ctenoglossan family Amphitretidae, containing three subfamilies Amphitretinae, Bolitaeninae and Vitreledonellinae (see that work for new taxonomic structure).
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3a.
3b.

4a.

4b.

Sa.

5b.

6a.
6b.

7a.

7b.

SUCKErS IN SINGIE TOW . . . . o o e e e —4
Suckers in double row for at least some portion of each arm (Fig. 32) . . . . . . .. Family Alloposidae (Argonautoid
octopods)
Arms longer than mantle length (Fig. 33) . . .. .............. Family Vitreledonellidae (Ctenoglossan
octopods)
Arms shorter than mantle length (Fig. 34) . . .. ... ....... Family Bolitaenidae (Ctenoglossan octopods)

P N .

e £

it | K

R ‘s 1 row of

i suckers

2 rows of
suckers

ventral view lateral view

lateral view

Fig. 32 Alloposidae Fig. 33 Vitreledonellidae Fig. 34 Bolitaenidae
(Haliphron) (Vitreledonella) (Bolitaena)

Distinct locking apparatus present, joining
inner edge of lateral mantle to funnel

Distinct locking apparatus absent
(Fig. 35) ....... Family Octopodidae

Female specimens .. . . . ......... -7
Male specimens . . . ... ......... -9

Females with drastic web modifications
on dorsal arms, either joined and greatly
elongated or as large flared flanges off the
distal end of the dorsal arm pair; network
of cartilaginous structures absent from skin
......................... —8
Females with no obvious web modifications;
network of semi-rigid cartilaginous rods
present under skin on ventral mantle.
(Fig. 36). .. ....... ... Family
Ocythoidae (Argonautoid octopods) dorsal view

Fig. 35 Octopodidae (Octopus)
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8a.

8b.

9a.

9b.

10a.

10b.

Two dorsal arm pairs joined by greatly expanded webs that extend beyond arm tips as semi-translucent banners;
Family Tremoctopodidae (Argonautoid octopods)

external shell absent (Fig. 37) . . .. ..............

lateral view

Fig. 36 Ocythoidae (Ocythoe)

Wide flange of web present on distal half
of dorsal arm pair; live animal produces
and resides within brittle white shell
known as “paper nautilus” shell (Fig. 38)
............ Family Argonautidae

(Argonautoid octopods)

Male with large, modified third right
arm coiled within membranous pouch
....................... — 10*

Male with large, modified third left arm coiled
within membranous pouch. . . . .. ... ...
Family Argonautidae (Argonautoid
octopods)

(* Males of the Family Alloposidae also have
a modified third right arm coiled within a
membranous pouch)

Dorsal arms longest, joined by deep web;
other arm pairs progressively shorter to

shortest ventral pair. . . ....... Family
Tremoctopodidae (Argonautoid
octopods)

Dorsal and ventral arm pairs longer than
otherarms . . ............. Family

Ocythoidae (Argonautoid octopods)

network of
cartilagenous
rods under skin

membrane

S
T A
]

AT
R

ventral view

Fig. 37 Tremoctopodidae (Tremoctopus)

lateral view of female

Fig. 38 Argonautidae (Argonauta)
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2.1.1 |Family OCTOPODIDAE* d’Orbigny, 1840 | by Mark D. Norman, Julian K. Finn and Frederick G. Hochberg

Octopodidae d’Orbigny, 1840, Mollusques Vivants et Fossils, 1: 164.
Type Genus: Octopus sensu stricto Cuvier, 1797.
FAO Names: En — Octopuses; Fr — Pieuvres, Poulpes; Sp — Pulpitos, Pulpos.

Diagnostic Features: This family contains the vast majority of octopods, with more than 200 valid species. They are
bottom-living, muscular animals with eight arms. Each arm possesses 1 or 2 rows of suckers. All species lack fins and
rows of cirri adjacent to suckers. The internal shell is reduced to a pair of small rod-like stylets or is absent. One arm of the
third arm pair (typically right-hand side) is modified in mature males (known as the hectocotylized arm). This arm bears a
gutter-like groove (spermatophore groove) along the ventral margin of the arm and a modified arm tip (ligula) used to grip
and pass spermatophores to the female. A funnel locking apparatus is absent.

Size: Benthic octopuses vary considerably in size from pygmy species weighing less than 1 g to giant species weighing
more than 100 kg.

Geographical Distribution: Benthic octopuses occur in all oceans of the world from the equator to polar regions.

Habitat and Biology: Benthic octopuses occur from intertidal reefs to great depths (>4 000 m). The word ‘benthic’ means
bottom-living and these octopuses live most or all of their lives on the seafloor. The juveniles of many species spend at
least some time in the plankton. The adults of some species also swim in open water as a means of travelling between
reefs. Octopuses occur in a wide range of habitats. Many species live on rocky or coral reefs where there is abundant
cover. Some pygmy species spend most of their lives in the safety of small coral heads or kelp holdfasts. Other octopuses
live on sand or mud habitats in which they can bury to hide from predators. Several groups of octopuses (particularly
Abdopus and Ameloctopus) forage primarily in pools on exposed reef flats during low tide. Most octopuses are night
active with only a few species that emerge during daylight hours to forage. Others restrict their hunting bouts to the half
light of dusk and dawn (crepuscular). Many octopuses are excellent at camouflage, being able to match the tones and
textures of their surroundings. Some species use these colour change abilities to warn off potential predators while others
mimic poisonous animals. The vast majority of benthic octopuses have well-developed salivary glands which contain
strong paralysing toxins used to quickly immobilise prey. Blue-ringed octopuses (genus Hapalochlaena) have salivary
toxins that include tetrodotoxin, an extremely powerful toxin which has been responsible for a number of human deaths.
Male octopuses possess a modified third arm, typically the third right arm. This arm, the hectocotylus, typically has a
spoon-like tip ligula and a curved gutter or groove along its length. During mating, males insert the tip of this arm into
the mantle cavity of the female and into the oviducts. Males then shunt small packets of sperm (spermatophores) into
the proximal end of the spermatophore groove near the base of the arm; then, with muscular contractions, work them
along the groove to the arm tip and thus into the female’s oviduct. Females then are capable of storing one or more
spermatophores until required to fertilise eggs during spawning. All female benthic octopuses brood their eggs until they
hatch, diligently oxygenating and cleaning them. Most species attach eggs singly or in strings (festoons) to hard surfaces,
although the females of some species (e.g. Hapalochlaena and certain Amphioctopus species) carry the egg bundles
with them. The mother typically dies soon after egg hatching. Egg size in different species dictates the behaviour of the
hatchlings. Species with small eggs (approximately 1 to 3 mm long) produce many tiny planktonic young which spend at
least some time in the water column. Species with large eggs (10 to 40 mm long) produce few, large, “crawl-away”, benthic
young.

Interest to Fisheries: Octopuses are a popular food source for humans around the world, yet there is negligible
information available on biology, distribution or importance to fisheries for all but a handful of species. They are harvested
in a range of fisheries from subsistence catches through to valuable, large-scale commercial fisheries. The largest
documented harvests are off north-west Africa and throughout Asia. They are caught by hand, with spear, on lines using
baited or unbaited lures, by trawl or by using unbaited pots that the octopuses use as shelters.

Remarks: The taxonomy of this group is in a state of flux. A total of more than 350 species names have been coined
but many of these are known only from their original descriptions. More recently, over 150 undescribed species have
been recognized, primarily from the tropical Indian and Pacific Oceans (see Norman and Hochberg, 2005a). The majority
await formal taxonomic description. In support of earlier morphological studies, recent molecular studies (e.g. Strugnell
et al., 2005; Guzik et al., 2005) indicate that the catch-all genus Octopus contains many distinct groups, and erection (or
resurrection) of numerous distinct genera is warranted. As a consequence we have presented many species under their
new combinations, primarily for members of the genera Abdopus Norman and Finn, 2001 (ex “Octopus horridus group”),
Amphioctopus Fischer, 1882 (ex “Octopus aegina group”), Callistoctopus Taki, 1964 (ex “Octopus macropus group”)
and Enteroctopus Rochebrune and Mabille, 1889 (ex “Octopus dofleini group”). The valid genus Octopus (Octopus
sensu stricto) is here considered to be restricted to members of the “Octopus vulgaris group” (Guzik et al., 2005). Until
a detailed generic revision is undertaken, we have provisionally retained a number of unplaced taxa under the generic
designation ‘Octopus’, denoted by quotation marks.

* At the time of going to press, Strugnell et al. (2013) published a major revision of the familial level classification of the incirrate octopods. They establish
six families: Octopodidae, Bathypolypodidae, Eledonidae, Enteroctopodidae, Megaleledonidae and Amphitretidae, the latter containing three subfamilies
Amphitretinae, Bolitaeninae and Vitreledonellinae (see that work for new taxonomic structure).
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Literature: Robson (1929a, 1932), Norman and Hochberg (2005a).
Key to genera in the family Octopodidaet

The following key treats clearly defined or named genera within the family Octopodidae. The generic placement of many
species within this family remains unresolved and thus may not be covered by this key. Such taxa are treated in the
species treatments below under the general category ‘unplaced Octopus’ (designated as ‘Octopus’). The same applies
for the genus Eledone in relation to the Australian species, treated here as ‘Eledone’ palari. Genera designated with an
asterisk (* ) are in urgent need of revision.

Notes for key and species treatments

Measurements based on preserved material: Due to the soft-bodied nature of octopods with their absence of a
significant internal skeleton, the body and arms are prone to considerable distortion when fresh (unpreserved). This often
manifests as extreme arm elongation when musculature starts to decay in fresh specimens. As a result it is necessary to
“fix” reference and voucher material, where the animals are chemically preserved. The best method is to place specimens
in a solution of 5-10% formalin in seawater, with a liquid volume of at least five times the volume of the specimen. The
specimen is kept in this solution for at least two weeks and then rinsed and transfered to 70% ethanol for long-term
preservation. All measurements presented here are based on material fixed by this method.

Note: Formalin cross-bonds DNA molecules, severely limiting the capacity to extract molecular sequence data. It is
recommend that tissue samples (i.e. mantle or arm muscle) are taken and preserved separately (frozen and/or placed in
100% ethanol) before fixing whole reference specimens in formalin.

Male diagnostic features: As for many cephalopod groups, octopus taxonomy relies heavily on the reproductive
characters of mature males, particularly structures of the modified reproductive arm (hectocotylized arm). Female material
is more difficult to identify.

Arm length: Use of relative arm lengths requires intact arms. A sudden reduction in sucker diameter at any point along an
arm generally is an indicator of partial arm regeneration. Such arms should not be considered in assessing relative arm
lengths.

Funnel organ: The funnel organ is a pad (or a series of pads) of glandular tissue in the skin on the inside surface of the
funnel. In frozen or poorly preserved material this structure can be indistinct. A temporary dye such as methylene blue can
be used to distinguish the outline and thus shape of this organ.

In the following key, an asterisk (* ) shows genera requiring detailed taxonomic revision

la Suckers in single row or as slight zigzag in live animals or contracted specimens . . . . . . .. ... ... —2
1b.  Suckersclearlyintworowsonallarms . . . . . . . . . . L —14
28, INKSAC PreSENt. . . . . . o o i i e e e e e e —3
2b.  Inksacabsent . . . . . . ... —-10

[Note: The genus Bathypurpurata Vecchione, Allcock and Piatkowski, 2005* is a pygmy octopus from deep
waters off the Antarctic Peninsula (500 m) that possesses a single row of suckers. It is not included in this key as it
is known only from a single female specimen (mantle length 23 mm) and the original description does not provide
details of radula and ink sac].

3a.  Webs greatly enlarged at distal ends to form wing-like vanes (single species restricted to deep waters of western
Indian Ocean) . . . . . . . . . .. Velodona
3b.  Web margins absent or as narrow bands to arms tips, not expanded in distal portion. . . . . . . . .. ... —4

4a. Mature males with distinct ligula and calamus; non-hectocotylized arm tips with or without sucker modification —5
4b.  Mature males with hectocotylized arm tip that lacks a distinct ligula and calamus, or has a normal ligula but no
calamus; suckers highly modified on tips of normal arms of mature males - as ridges, stellate suckers or frills of

papillae (Atlantic Ocean) . . . . . . . . . . .. e Eledone*
[includes Aphrodoctopus Roper and Mangold, 1992, and excludes ‘Eledone’ palari Lu and Stranks, 1992, from
Australia].

5a.  Webs very deep (40-70% of arm length); body and dorsal arm crown with paired and widely spaced, large, erectile,
papillae; non-hectocotylized arms of mature males with fleshy pads of spongiform tissue; thick fleshy skin ridge
around lateral margin of mantle (single species from deeper Australian continental slope) . . . ‘Eledone’ palari
5b. Webs moderate to deep (<40% of arm length); paired and widely spaced, large, papillae absent;
non-hectocotylized arms of mature males with suckers unmodified to arm tips; skin ridge around lateral margin

of mantle presentor absent. . . . . . . . .. L e —6

TAt the time of going to press, Strugnell et al. (2013) published a major revision of the familial level classification of the incirrate octopods. They establish
six families: Octopodidae, Bathypolypodidae, Eledonidae, Enteroctopodidae, Megaleledonidae and Ampbhitretidae, the latter containing three subfamilies
Amphitretinae, Bolitaeninae and Vitreledonellinae (see that work for new taxonomic structure).”
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6a. Radula normal, with 9 elements, 7 rows of teeth plus marginal plates. . . . . . . . ... ... ... .... -7
6b.  Radula reduced to 3 elements, a single row of highly modified teeth with vane-like lateral wings plus marginal plates
(single species restricted to west and southwest Atlantic Ocean) . . . . . . . . . . .. ... ... Vosseledone*
7a. Funnel organ as W, UU or V V-shaped pads; skin smooth or sculptured . . . . . . . .. ... ... .... —8
7b.  Funnel organ as four distinct short longitudinal pads (lll); all dorsal and lateral body surfaces covered in large
branched papillae (single species restricted to central western Atlantic Ocean). . . . . . . . . Tetracheledone*
8a. Small to moderate species, never attaining large sizes; head width close to or greater than mantle width; gills with
61to 11 lamellae perdemibranch. . . . . . . . . . ... -9
8b.  Large species (up to 14 kg) with loose soft gelatinous skin; head distinctly narrower than mantle; gills with 10 to 11
lamellae per demibranch (single, large species restricted to Antarcticwaters) . . . . . . . . .. Megaleledone
9a. Ligula groove without transverse ridges; lower beak without sharp modified tip, rostrum curved ventrally in lateral
profile; posterior salivary glands approximately equal in length with buccal mass; stylets present (Antarctic waters)
..................................................... Pareledone
9b.  Ligula groove with distinct transverse ridges; lower beak with sharp modified tip, rostrum straight or slightly turned
dorsally in lateral profile; posterior salivary glands approximately twice length of buccal mass; stylets absent (single
species restricted to Antarcticwaters) . . . . . . . ... Adelieledone
10a. Skin beset with raised conical or composite papillae hardened with cartilaginous inclusions, less obvious in frozen
material (deep-Water SPECIES) . . . . . . . . i i e e e e e e Graneledone
10b. Skin lacks hardened papillae, sculpture soft or skin completely smooth. . . . . . . ... .. ... ... .. —11
11a. Arms short, less than 2 times mantle length; posterior salivary glands large, more than half buccal mass length ... —12
11b. Arms of moderate length, approximately 2 to 3 times mantle length; posterior salivary glands small to tiny,
significantly less than half buccal masslength . . . . . . . . . . ... ... ... .. .. ... ... —13
12a. Radula with 9 elements, 7 rows of teeth, lateral teeth flattened into broad plates; skin smooth (single species known
only from deep water inthe Tasman Sea) . . . . . . . . . . . . . i ittt Microeledone
12b. Radula with reduced number of elements, 3 to 5 rows of teeth; skin covered in low regular rounded papillae
(deep-water SPeCIeS). . . . . . . . . .. e Thaumeledone*
13a. Radula with unicuspid rachidian tooth, small first lateral teeth, wide second lateral teeth with single cusp, elongate
(conical) marginal teeth and marginal plates (1 to 2 Antarctic species) . . . . . . . .. ... .. Bentheledone*
13b. Radula with all teeth in transverse series of approximately similar size and shape, marginal plates absent (single
ANEAICHC SPECIES) . & . v v v v v e e e e e e e e e e e Praealtus*
14a. Small short-armed octopuses with repeated colour pattern of iridescent blue lines or rings over body, arms and
webs, iridescent markings fade to white in preserved material (Indo-West Pacific region) . . . Hapalochlaena
14b. Small to large octopuses without repeated iridescent markings over body, arms and webs (some species possess
a single pair of iridescent rings within ocelli, one on each side of the arm crown on the web between the bases of
arms2and 3) . ... L e —15
15a. INKSACPrESENL. . . . . . . e —16
15b. Inksacabsent . . . . . . . ... e e —33
16a. Arms long (>4 times mantle length); arm autotomy present, evident as multiple arms severed or regenerating from
setplane neararmbase . . . . . . . . L e e —17
16b. Arms short to long; arm damage and regeneration not at set planeatarmbase . . . . . . . ... ... .. —21
17a. Second arm pair longest; large longitudinally oriented crescent markings present on dorso-lateral posterior mantle;
enlarged suckers absent (restricted to Central Americas) . . . . . . . . . . . ... .. ... .. Euaxoctopus
17b. Third or fourth arm pair longest; large longitudinally oriented crescent-shaped markings on mantle absent, enlarged
suckers presentorabsent . . . . .. L L e —18
18a. Fields of enlarged suckers present on arms 2 and 3 of mature males (Indo-West Pacificonly). . . . . Abdopus
18b. Enlarged suckers absentinmaturemales. . . . . . . . . ... e —19
19a. Gills with 11 lamellae per demibranch (shallow-water species of Atlantic Ocean and potentially tropical Indo-West
Pacific) . . . . . . Macrotritopus*
19b. Gills with less than 11 lamellae per demibranch . . . . . . . . . . . . . .. oo o —20
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20a.

20b.

21a.
21b.

22a

22b.

23a.

23b.

24a.
24b.

25a.

25Db.

26a.
26b.
27a.

27b.

28a.

28b.

29a.

29b.

30a.
30b.

3la.

31b.

Eyes small and stalked, mantle and arms with regular and defined colour pattern of white bands and spots over
brown to red background colour; gills with 5 to 7 lamellae per demibranch; single blunt and rounded large papilla
over each eye (single species, Indo-Malayan Archipelago and west Pacific) . . . . . .. .. .. .. Wunderpus
Eyes of moderate size, not obviously stalked, colour pattern variable from banded to even coloration; white
U-shape marking on posterior dorsal mantle; gills with 9 lamellae per demibranch; two elongate and sharp papillae

over each eye (single species, Indo-West Pacificregion) . . . . . . . ... . ... .. ... .. Thaumoctopus
Dorsal arms distinctly longer than remaining arms, arm formula 1>2>3>4 . . . . . . ... ... . ... .. —22
Arms approximately equal in length or lateral/ventral arms longest . . . . . . . . . . .. ... L. —23

Series of water pouches on oral web in ring around mouth, small muscular pore of each pouch opening to exterior
around level of 3 to 6" proximal suckers; ligula tiny in mature males, calamus absent or present (3 shallow-water

species in Indo-West Pacific) . . . . . . . . . . . . . Cistopus
Water pouches and pores absent; ligula and calamus well-developed in mature males (shallow-water tropical and
temperate species worldwide) . . . . . . . ... Callistoctopus

Ligula with transverse ligula groove containing small teeth-like papillae; raised skin ridge present on lateral mantle

(single deepwater species from 200 to 400 m in Western Pacific). . . . . . .. .. ... .. ... Galeoctopus
Ligula groove longitudinal, without teeth-like lugs; lateral mantle ridge present or absent. . . . . . . . . . . —24
Left third arm of males hectocotylized . . . . . . . . . . . . . . —25
Right third arm of males hectocotylized . . . . . . . . . . . . . . . —26

Mantle opening narrow, one third or less of body circumference, fitting close to funnel; paired narrow to elongate
papillae over each eye; skin loose and semi-gelatinous with regular small, pavement-like patches; skin ridge absent
from lateral mantle; body markings absent (deep water species, 200to800m) . . . . . . . . . ... .. ...

........................................ left-handed species of Pteroctopus™
Mantle opening moderate to wide, approximately one half of body circumference; single large papilla over each
eye; lateral mantle skin ridge present; two pairs of dark spots visible on mantle of live and well-preserved material

(deep water species, 200t0 800 M). . . . . . . . L. e e Scaeurgus
Web margin extends as thin membrane along ventral face of all arms, flared towards distal tips . . . . . . . —27
Web margins not expanded at distal tipsofarms . . . . . . . . ... ... L o —28

Mantle opening narrow, significantly less than 50% of body circumference, fitting close to funnel; paired narrow
elongate papillae over each eye; skin loose and semi-gelatinous with regular small, pavement-like patches; body
markings absent (deep-water species worldwide, 200to 800 m) . . . . . right-handed species of Pteroctopus*
Mant