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Abstract A two day workshop on Southern

Ocean cephalopods was held in Hobart, Tasmania,

Australia prior to the triennial 2006 Cephalopod

International Advisory Council (CIAC) sympo-

sium. The workshop provided a second interna-

tional forum to present the current state of

research and new directions since the last Southern

Ocean cephalopod meeting held in 1993. A major

focus of the workshop was trophic ecology and the

use of a variety of tools that can be applied in

Southern Ocean trophic studies for both cephalo-

pod and predator researchers. New tools that are

being used as trophic indicators and tracers in food

chain pathways include stable isotope, heavy metal

and fatty acid signature analysis. Progress is also

being made on understanding squid population

dynamics in relation to other key components of

the ecosystem by incorporating squid data in

ecosystem models. Genetic barcoding is now of

great value to fish taxonomy as well as other groups

and it is expected that a cephalopod barcoding

initiative will be an important tool for cephalopod

taxonomy. There is a current initiative to produce

a new cephalopod beak identification guide to

assist predator biologists in identifying cephalopod

prey items. There were also general discussions on

specific taxonomic issues, Southern Ocean Ceph-

alopod paralarvae and parasites, and suggestions

for future CIAC workshop topics.
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CNRS, BP 14, 79360 Villiers-en-Bois, France

E. A. Fulton � E. P. M. Grist � P. D. Nichols �
R. D. Ward
CSIRO Marine and Atmospheric Research, GPO Box
1538, Hobart, TAS 7001, Australia

P. D. Nichols
Antarctic and Climate Ecosystems CRC, GPO Box
252-80, Hobart, TAS 7001, Australia

J. C. Xavier
British Antarctic Survey, High Cross, Madingley
Road, CB3 OET Cambridge, UK

J. C. Xavier
Centre of Marine Sciences University of Algarve,
Campus of Gambelas, 8000-139 Faro, Portugal

123

Rev Fish Biol Fisheries (2007) 17:79–99

DOI 10.1007/s11160-007-9055-9



Introduction

A two day workshop on Southern Ocean cepha-

lopods was held in Hobart, Tasmania, Australia

prior to the triennial 2006 Cephalopod Interna-

tional Advisory Council (CIAC) symposium. This

provided a forum to specifically discuss issues in

relation to Southern Ocean cephalopods that

have developed since the last meeting devoted

to this species group held in Cambridge, United

Kingdom in 1993 (Rodhouse et al. 1994). The

workshop provided an excellent cross section of

expertise with 13 countries represented with a

broad range of researchers from early career

scientists to senior researchers.

A particular area of interest was the variety of

available techniques that can enhance the study

of Southern Ocean cephalopods. The theme of

the workshop was ecological with a specific focus

on the importance of cephalopods in the food

chain. New tools were therefore discussed that

can be used to understand the role of cephalopods

as predators and to more accurately designate

where they fit in the food chain. Signature fatty

acid and stable isotope analyses are proving to be

ideal techniques for enhancing our understanding

of the diets of cephalopods, and stable isotope

analysis can even be used as a marker or

fingerprint for identifying what water masses an

individual has inhabited. Southern Ocean Ceph-

alopods also play a critical role in predator

studies, and many serve as important prey species

for a variety of vertebrate predators. Developing

tools for identifying cephalopods as prey are also

needed. Heavy metals can serve a useful purpose

in predator tissue analysis for identifying a

cephalopod-based versus a fish-based diet. Beak

analysis has been an important tool for many

years and better identification is currently needed

to move this field forward.

The workshop venue also served as a forum to

discuss the usefulness of applying molecular

techniques to cephalopod taxonomy and there is

great potential for initiating a cephalopod

barcode of life program. Developing such a data

base could serve an important role for identifying

species from tissue fragments (e.g., in predator

studies). It is critical to increase our knowl-

edge regarding the role of cephalopods in the

ecosystem dynamics of the Southern Ocean. An

important aspect to this will be incorporating

cephalopods into ecosystem models and the

workshop took a first step at incorporating squid

in the larger ecosystem modeling process.

The following sections provide a synopsis of

some of the important tools and initiatives that

are being undertaken that will facilitate Southern

Ocean cephalopod research as well as research

into cephalopods generally. These overviews are

designed to provide background information on

these new and evolving techniques as well as

provide examples of how these developing

technologies can be applied to Southern Ocean

cephalopod biology.

Stable isotopes and the trophic ecology of
Southern Ocean Cephalopods—Y. Cherel

Our knowledge on the food and feeding ecology

of cephalopods is mainly restricted to commercial

species, including neritic octopuses, cuttlefishes

and loliginids, and squids of the family Ommas-

trephidae (Rodhouse and Nigmatullin 1996). In

the Southern Ocean, the dietary habits of only two

species has been investigated, the ommastrephid

Martialia hyadesi (Rodhouse et al. 1992; Ivanovic

et al. 1998; Dickson et al. 2004) and the onycho-

teuthid Moroteuthis ingens, a common trawl

bycatch (Jackson et al. 1998; Phillips et al. 2001,

2003a,b,c; Cherel and Duhamel 2003). Other

information is scattered in the literature or

nonexistent. Clearly, much more work is needed

on the cephalopod trophic relationships for a

better understanding of their role in the marine

ecosystems of the Southern Ocean and elsewhere.

Until now, stomach content analysis was the

main method used to study the diet of cephalo-

pods. The technique allows prey determination at

the species level, using hard parts that resist

digestion such as crustacean exoskeletons,

cephalopod beaks, and fish otoliths and bones.

However, stomach content analysis is time con-

suming and prey determination is often difficult,

because cephalopods tear prey into small pieces

by their chitinous beaks and items are often too

digested. Another major limitation is that stom-

ach contents represent the last feeding events
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with no indication of long-term dietary habits.

This poor temporal integration requires new

indirect methods to complement the direct anal-

ysis of stomach contents, e.g. signature lipids as

trophic markers and stable isotopes.

Since the stable isotopic signature of a con-

sumer reflects that of its diet, stable isotope ratios

of carbon (13C/12C, d13C) and nitrogen (15N/14N,

d15N) in proteins have been used extensively to

trace pathways of organic matter among organ-

isms (Kelly 2000). Consumers are enriched in 15N

relative to their food (mean value: 2.5–3.4&;

Minagawa and Wada 1984; Vanderklift and Pon-

sard 2003) and consequently d15N measurements

serve as indicators of a consumer trophic position

(Hobson and Welch 1992). By contrast, d13C

values vary little along the food chain and are

mainly used to determine primary sources in a

trophic network. In the marine environment, d13C

values indicate the lower- versus higher-latitude

plankton, and inshore versus offshore, or pelagic

versus benthic contribution to food intake

(Hobson et al. 1994; Cherel et al. 2000). Feeding

experiments have shown that the turnover rate of

isotopes in a given tissue is a product of that

tissue’s protein turnover rate and accretion. Thus,

a key issue is that different tissues provide dietary

information that is integrated over different time

scales. For instance, in birds, liver has a higher

turnover rate than blood and muscle, which in

turn has higher turnover rates than bone collagen

(Hobson and Clark 1992).

Almost no information is available on the

stable isotopic signatures of cephalopods, but two

preliminary studies underlined the potential of

that method to investigate their trophic position

and migration (Takai et al. 2000; Cherel and

Hobson 2005). As expected, the d13C values of

squids show a negative correlation with the

latitude of the sampling locations (Takai et al.

2000), reflecting the known latitudinal character-

istic of phytoplankton d13C that is well-marked in

the Southern Ocean (Trull and Armand 2001).

This feature has been used to characterize the

migratory behaviour from Antarctic and subtrop-

ical waters to the Polar Frontal Zone of two

different squid species caught in Kerguelen

waters (Cherel and Hobson 2005). Ontogenic

feeding shifts from small, lower trophic level prey

of juveniles to large, higher trophic level prey

eaten by adults is demonstrated by a progressive

increase in d15N values of cephalopods as they

grow (Cherel and Hobson 2005). Furthermore

Cherel and Hobson (2005) is the first study to

explore the trophic structure of the cephalopod

community along with individual squid dietary

specialization in their growing/feeding areas.

These examples illustrate the usefulness of the

method to disentangle trophic relationships at

different integrative biological levels, from

individuals to ecosystems.

What are the most suitable tissues for stable

isotope studies on cephalopods? Muscle tissues

are standard tissues for determining the isotopic

signature of consumers (Hobson et al. 1994; Kelly

2000). In cephalopods, the use of muscle tissues

necessitates collecting whole specimens in the

wild, a main limitation due to the paucity of

scientific surveys devoted to the group and our

inadequacy in catching oceanic and deep-sea

species. On the other hand, many marine preda-

tors feed upon cephalopods and, because their

chitinous beaks are hard structures that resist

digestion, hundreds to thousands of them are

easily available when analysing stomach contents

from marine mammals, seabirds and large pred-

atory bony fishes and sharks (Clarke 1980; Cherel

et al. 2004; Imber 1992). Thus, combining the use

of predators as biological samplers with measure-

ments of the stable isotopic signature of beaks is a

promising tool to investigate the feeding ecology

of poorly known cephalopod taxa (Cherel and

Hobson 2005). Preliminary investigations, how-

ever, showed that beaks are impoverished in 15N,

but not in 13C, when compared to muscle tissues,

the most likely explanation being the presence of

chitin in beaks (Cherel and Hobson 2005; Hobson

and Cherel 2006). Consequently, caution must be

made when using the d15N values of beaks and

those of other tissues from cephalopods and other

organisms to clarify the trophic structure and

dynamics of marine systems. This does not

preclude however comparing the isotopic signa-

ture of beaks between individuals and species of

cephalopods.

In summary, both muscle tissues and beaks are

valuable tissues for stable isotope work by ceph-

alopod and predator biologists, respectively.
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Mantle muscle is the best standard tissue for

sampling in cephalopods. In predator stomach

samples, however, cephalopods are generally

broken into several pieces with head and mantle

detached. This makes it generally impossible to

sample mantle tissue from predator samples for

isotope analysis. However, whole buccal masses

(buccal mass + beaks + radula) are often intact in

predators stomachs and thus buccal mass is likely

to be the best muscle tissue to use from stomach

contents. To synthesize and compare data

collected by both cephalopod and predator

biologists, we suggest that the former measure

stable isotopes at least on muscles from both the

mantle and buccal mass, and the latter on both

the buccal mass and lower beaks.

The widespread application of stable isotope

analysis among studies depends in part on the

consistency and suitability of the techniques

employed by various researchers. Therefore,

three important steps have to be taken into

account before measuring stable isotopes: the

storage of samples, their homogenisation, and

lipid removal.

Freezing and freeze-drying are the best pres-

ervation methods that do not affect stable isotope

ratios of carbon and nitrogen (Bosley and Wain-

right 1999). Ethanol (70%) may affect the carbon

signature in fatty tissues, but as lipids have to be

removed (see below), ethanol is probably the

easiest and simplest way to preserve and transport

samples. On the other hand, the use of formal-

dehyde is prohibited because fixation and preser-

vation of samples in formaldehyde significantly

affect both their carbon and nitrogen signatures

(Hobson et al. 1997; Bosley and Wainright 1999;

Edwards et al. 2002; Sarakinos et al. 2002).

Stable isotope analysis requires only small

amounts of dry matter (1–2 mg) and thus,

homogenisation of the samples is the second

crucial aspect of sample preparation to consider.

As different tissues have different turnover times

and therefore potentially different isotopic signa-

tures, homogenisation of the whole organism is

not recommended as within sample variability

and dietary information may be lost. It is always

preferable to compare the same tissue type

among individuals and species (mantle, buccal

mass or lower beak). Finally, since lipids are

depleted in 13C relative to proteins (Tieszen et al.

1983; Thompson et al. 2000) and biological tissues

frequently vary in their lipid content, lipid

enriched tissues are more depleted in 13C than

lean tissues. For this reason lipids must be

extracted to reduce variability attributed to

differences in lipid content among tissues. Ceph-

alopod muscle tissues generally have a low lipid

content (Phillips et al. 2002). However, because

muscle tissues from other organisms can be

lipid-enriched, routinely extracting lipids from

cephalopod tissues (except the beaks), will allow

for a non-lipid biased comparison between

organisms and studies.

Future scope

Preliminary research on the stable isotopic signa-

ture of cephalopod tissues have proved that the

method is a useful tool to investigate their trophic

interactions and role in marine ecosystems. Much

more information, however, is needed to validate

its use on cephalopods. It would be especially

useful to raise cephalopods in captivity on a

constant diet of known isotopic signatures to

investigate the enrichment factors between food

and tissues, as well as protein turnover and

accretion rates in those tissues (Hobson and

Cherel 2006; Stowasser et al. 2006). Finally, our

understanding of the food and feeding ecology of

cephalopods would benefit by a combined

approach on the same individual, using stomach

content analysis; stable isotope signatures of

mantle tissues and beaks; and signature lipid

analysis of their digestive glands.

During the course of the discussion at the

workshop it was also highlighted that there are

some archives of Southern Ocean Cephalopod

tissues that have only ever been preserved in

alcohol including some from the 19th century

held at the Smithsonian Institution, USA. How-

ever, it would be necessary to explore if different

alcohols may influence stable isotope readings.

There are also dried beaks and even eye lenses

available at some UK museums. These samples

could prove valuable to look at trophic dynamics

of cephalopods from previous periods or to detect

changes in trophic feeding structure in relation to

environmental change.
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Signature lipids and fatty acids in trophic studies

of Southern Ocean squid—K. Phillips, H.

Pethybridge, C. Jackson, G. Jackson
and P.D. Nichols

The application of fatty acids as dietary tracers

has occurred since the 1960’s (Ackman and Eaton

1966; Sargent 1976), with the technique used to

explore dietary relationships in a number of

diverse marine organisms (Mourente and Tocher

1993; Graeve et al. 1994; Kirsch et al. 1998;

Cripps et al. 1999; Navarro and Villanueva

2000). The approach is based on the assumption

that many fatty acids in the marine environment,

particularly polyunsaturated fatty acids (PUFA),

can only be biosynthesised by certain phytoplank-

ton and macroalgae species and become essential

dietary components to higher trophic levels.

Phytoplankton and macroalgae species are often

characterised by very distinct ratios of fatty acids,

and these ratios influence the fatty acid profiles of

higher organisms and are thus useful tools for

providing information on food webs (Graeve

et al. 2002).

The digestive gland (DG) of cephalopods is an

ideal source of fatty acid dietary tracers, as

dietary lipid is deposited in this tissue with limited

modification (Phillips et al. 2001). Analyses of

total lipid and lipid class composition of the DG

of selected cephalopods revealed that lipid stored

in this organ is unlikely to be mobilised during

sexual maturation (Blanchier and Boucaud-Ca-

mou 1984; Clarke et al. 1994) or long-term

starvation (Castro et al. 1992). Digestive gland

fatty acid profiles have therefore been used to

identify important prey groups of the Southern

Ocean squid Moroteuthis ingens (Phillips et al.

2001)

It is more difficult to interpret the influence of

diet on fatty acid composition in a tissue where

biosynthesis and modification of fatty acids

occurs, such as in the muscle or blubber tissue

of marine vertebrates. Conflicting evidence exists

in the literature about the effectiveness of deriv-

ing dietary information of marine vertebrates,

principally pinnipeds, from fatty acid analyses

(Grahl-Nielsen and Mjaavatten 1991; Grahl-Niel-

sen 1999; Smith et al. 1997; Smith et al. 1999).

However, over the past decade the signature lipid

approach has been increasingly applied to dietary

studies of marine vertebrates, as at-sea foraging

data is very difficult to obtain from conventional

methods. Analyses are conducted on milk or

blubber samples, so intrusive techniques such as

stomach lavage and lethal sampling are not

required. While many marine vertebrates (includ-

ing pinnipeds) prey on cephalopods, few data are

available on the fatty acid composition of squid

for inclusion in such predator-prey comparisons.

In this section we provide an overview of

signature lipid methodology in applications with

Southern Ocean squid, and in addition provide

selected case study findings for Moroteuthis

ingens and Todarodes filippovae. The collection

details of squid and potential prey items have

been validated previously (Phillips et al. 2001;

Pethybridge 2004; Jackson 2005). For lipid profil-

ing, all squid were frozen after collection at –20�C

and returned to Hobart for dissection and anal-

ysis. A number of protocols are used in signature

lipid studies, and comparison of the various

methodogies is beyond the scope of this overview

and will not be covered here. An overview of the

protocol used in CSIRO/University of Tasmania

studies is provided in Fig. 1 and details of the

methods used for the lipid class and fatty acid can

be found in Volkman and Nichols (1991) and

Phillips et al. (2001).

Case study (1) Moroteuthis ingens—the

digestive gland (DG) as a source of fatty acid

dietary tracers

Mantle is low in lipid, with lipid content

1.5 ± 0.1% wet mass in M. ingens from Macquarie

Island. The major lipid class was phospholipid

(PL), present at 83.1% of total lipids. Sterol (ST),

12.3%) represented the only other lipid class with

values >3% of total lipid. Polyunsaturated fatty

acids (PUFA) were the most abundant class of

fatty acids in mantle, at 53.1 ± 1.6%. PUFA

comprised mainly eicosapentaenoic acid (EPA)

(20:5n3) and docosahexaenoic acid (DHA)

(22:6n3); no other PUFA exceeded 5%. Saturated

fatty acids (SAT) were dominated by 16:0, and

summed 31 ± 0.7%. Monounsaturated fatty acids

(MUFA) comprised 15.5 ± 1.4%, and were

represented largely by 20:1n9.
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In comparison to mantle, the DG lipid content

(26.8 ± 12.9%) was generally an order of magni-

tude greater than the mantle. Triacylglycerol

(TAG) was the major class (75.0 ± 17.5% of

lipid). Major fatty acids in the DG were 16:0,

18:1n9 and 20:1n9, with MUFA as the major class.

The fatty acid profiles of the DG of M. ingens

grouped with those of the stomach fluid and

selected myctophid species in multivariate anal-

yses indicating that the DG is a source of dietary

fatty acids. Krill, proposed to be a dietary

component of M. ingens, was well separated in

the multivariate analysis. For M. ingens, the

application of the signature lipid approach has

been used further to examine temporal, spatial

and size-related variations in diet (Phillips et al.

2001; 2002, 2003a, b).

The lipid content of the DG of M. ingens

greatly exceeds that of the mantle. Therefore,

fatty acids in the DG derived from this sub-

Antarctic squid are in greater absolute abundance

than fatty acids in the mantle. A squid predator

would ingest more lipid from secondary prey

items, which has been stored in the DG of the

squid, than from the squid mantle.

In the context of dietary lipid studies of higher

predators, blubber, milk and muscle from a range

of species have been analysed with the aim of

identifying prey groups (Horgan and Barrett

1985; Iverson 1993; Kirsch et al. 1995; Smith et al.

1997; Raclot et al. 1998). However, when squid

data have been included in these analyses, it is

unclear whether fatty acid data were obtained

from whole homogenised squid, flesh tissue only,

or from squid remains retrieved from stomach

contents of a predator. If squid is low in lipid

content (around 1% wet mass) and dominated by

PUFA (Iverson 1993; Iverson et al. 1997), it is

likely to have been extracted from flesh only.

Based on our findings for M. ingens and other

species of Southern Ocean squid (Phillips et al.

2002), squid flesh data alone is not suitable for

inclusion in these analyses. Such data does not

represent the overall lipid composition of a squid

as ingested by a predator, and consequently it is

highly likely that squid will be interpreted as

having little importance in the diet.

When whole, homogenised squid are used to

represent potential prey items in fatty acid studies

of higher predators, it will be important to

consider the large amount of ‘‘secondary’’ fatty

acids stored in the DG. Squid may not be

effectively represented as a distinct prey group

in analyses as their lipid signature may be very

similar to (or in the case of lipid-rich species,

masked by) other potential prey items such as

myctophid fish. Therefore, the dietary importance

of squid as a prey group may be difficult to

Extraction

Methylation

GC

Chromatogram

liberate fatty acids

extract oil

identify fatty acids

separate fatty acids

Digestive glandMantle 

20 carbons

1st double bond
3 carbons from
the end CH3

Eicosapentaenoic acid - EPA - 20:5ω3

COOH

CH3

5 double bonds

Fig. 1 Overview of lipid
extraction and fatty acid
profiling protocol
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interpret and isolate from other prey groups.

These implications could constrain the use of

fatty acids to assess the importance, or inclusion

over space and time, of squid prey items in the

diet of higher predators. Given the fact that our

general knowledge of squid trophodynamics in

the Southern Ocean is poor, it is important to

identify and attempt to understand such biases

associated with food-web studies. A combination

of techniques, such as fatty acid analysis of

blubber or muscle, including individual lipid

classes (e.g. PL, TAG, wax ester, the latter

including fatty alcohol profiling), and DNA anal-

ysis of stomach contents or faecal remains, may

provide a more robust representation of the

inclusion of squid in the diets of higher predators.

Case study (2) Todarodes filippovae—fatty

acid dietary tracers and reproductive

partitioning

A similar approach to that used for M. ingens was

applied to the ommastrephid squid T. filippovae,

together with selected prey items, collected from

waters off eastern and southern Tasmania. The

lipid class and fatty acid profiles were analysed for

43 squid from three sites. As for M. ingens,

mantle tissue was low in lipid (0.8 ± 0.5%), and

contained high levels of PL and PUFA. The DG

contained markedly higher oil content

(14.8 ± 7.9%) and was rich in TAG and MUFA.

Using multidimensional scaling (MDS) analysis,

the signature fatty acid profiles of the DG of

T. filippovae grouped with profiles of myctopids

and squid, supporting the findings of stomach

content analyses (Pethybridge 2004). No evidence

was obtained for size, maturity, spatial or tempo-

ral differences in diet, indicating that T. filippovae

are opportunistic generalist feeders.

We also examined the role of lipid in the

maternal reproductive process for T. filippovae.

We aimed to determine whether lipid is a storage

substrate for utilization during reproduction,

including examining (i) ovarian oocytes and

ovulated eggs, and (ii) whether temporal varia-

tion in reproductive condition may be related to

egg quality. A two-fold increase in lipid content

of ovary was observed with maturation (Fig. 2).

PUFA dominated with high PL also observed;

these findings highlight the importance of lipid in

embryonic development. No diversion of energy

from mantle or DG occurred during maturation,

suggesting limited evidence for lipid reserves

being used as an energy reserve for reproduction.

Energy reserves commonly present in fish (e.g.

TAG) were low or absent in the ovary and

oviduct, which comprised up to 90% PL and

around 10% sterol. The quality of ovarian oocytes

and ovulated eggs of T. filippovae, in terms of the

fatty acid profile, was conserved between seasons.

Future scope

We observed large amounts of dietary lipid in the

DG of two important Southern Ocean squid.

Dietary information can be obtained through

comparison of the fatty acid profiles of squid DG

and prey species. Important implications for the

use of fatty acids as dietary tracers in food-webs

associated with squid are:

a. The technique has promise for applications to

dietary studies of squid, as DG lipid content

provides a history of prey fatty acids

consumed over a period of time and thus

eliminates possible biases associated with

instantaneous sampling of diet,

b. Due to the abundance of prey lipids in the

DG of selected squid, (that exceed mantle

lipid content by more than an order of

magnitude), it is important to consider the
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type of squid fatty acid data included in

dietary studies of higher predators. Squid

may not be identifiable as a separate group in

such analyses, but may be grouped with major

prey species such as myctophid fish. Thus

food-web studies based on fatty acid analyses

may become more difficult to interpret at

higher trophic levels.

Heavy metals in trophic/population studies—P.
Bustamante

Most metals are found in very low concentrations

in the environment and in marine animals, and

are therefore often considered as trace elements.

All are natural but differ in being either essential

or non-essential in living organisms. All metals

can become toxic above a certain concentration

and they bioaccumulate in storage tissues/organs

at different rates with some organs concentrating

certain metals. The bioaccumulation of trace

elements in marine organisms occurs in one of

two pathways, either from the surrounding sea-

water, which would reflect their concentrations in

the environment, or from the ingested particulate

material (e.g. food), which would reflect the

concentrations in the prey.

The transfer of trace elements through the

food web can have three different patterns: (1) a

decrease in concentration with the increasing

trophic level, (2) similar concentrations in the

prey and their predators and (3) an increase in the

concentration with increasing trophic level, lead-

ing to the bioamplification or biomagnification of

the element. Overall, this transfer depends firstly,

on the specific metal and its physico-chemical

form which determines its bioavailability to the

upper level (Wallace and Lopez 1997) and

secondly, the biology and physiology particular

to the organism, as different species have

different uptake and detoxification strategies

influencing the level of metal retention (Rainbow

2000). For example, in contrast to inorganic

mercury, this metal under its methylated form is

readily bioamplificated along the food webs

(Cossa et al. 1990). This is due to the high

liposolubilty of methyl-mercury resulting in its

enhanced penetration through lipid membranes

(Boudou et al. 1983). A particular metal of

interest to cephalopod studies is cadmium.

Indeed, this metal is highly bioaccumulated by

cephalopods because it is efficiently absorbed and

retained in their digestive gland (Bustamante

et al. 1998; 2002a) but not in decapod crustacean,

salps or fish because cadmium is either poorly

taken up or highly excreted in these species

(Rainbow 2000; Zauke et al. 1999).

Even though metals are generally considered

for their potential toxicity in ecotoxicological

studies and biomonitoring surveys, there is

increasing interest in their use for providing

information on life history and trophic ecology

of various marine animals, such as sponges,

molluscs, fish, seabirds, or mammals. In this

respect, chemical analyses in stable/hard struc-

tures have received considerable attention in

order to get valuable information on population

structure and movements of individuals. This is

based on the assumptions that these structures

grow continuously throughout life, and that their

elemental composition is a permanent record of

exogenous (and endogenous) factors. In the

calcified tissues, i.e. aragonite for fish otoliths

and cephalopod statoliths; and hydroxyapatite for

mammal teeth, several elements have been

reported to be discriminators, belonging to three

groups: (1) Ca and atomic equivalents (2) heavy

metals and (3) the monovalent elements (i.e.

chlorine, bromine, sodium, potassium, lithium).

Various environmental factors can influence the

composition of otoliths and statoliths with ambi-

ent temperature during uptake correlating with
18O/16O ratios, and potentially influencing stron-

tium and Sr/Ca ratios (Radtke 1989; Ikeda et al.

1998), and potassium and sodium concentrations

(Kalish 1989). Salinity also correlates with stron-

tium, and Sr/Ca is a good marker of anadromy for

fish (Secor et al. 1995). However, for exothermic

animals, the influence of physiological factors is

more difficult to assess, particularly the contribu-

tion of the waterborne and the diet pathways on

elements other than strontium (Geffen et al.

1998). The relatively poor associations reported

between the elemental composition and the

exposure could be partly due to instrumental

inaccuracies and the focus on the most abundant

elements (Thresher 1999).
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In parallel to investigations on stable tissues,

metal analysis in the soft tissues has also been

used to infer the population movements and

migration in different marine species (e.g. Ichih-

aschi et al. 2003; Lahaye et al. 2005). In this

respect, a multivariate analysis approach of trace

element contents in cephalopods enabled the

discrimination of geographical origin and the

inferring of migratory routes (Ichihaschi et al.

2003). Because cephalopods are short-lived, they

may accurately and rapidly reflect variations in

the elemental composition of their environment

(Stowasser et al. 2005; Miramand et al. 2006).

Trace elements and metals can also be used to

study the feeding ecology of marine animals. This

approach also received increasing interest and is

particularly appropriate for large marine preda-

tors such fish, birds and mammals which are

highly mobile, often protected and therefore

difficult to study through classic approaches

(Das et al. 2000; Bustamante et al. 2004; Dehn

et al. 2005; Lahaye et al. 2005). Metals used in

feeding ecology studies can be separated between

firstly, those indicating anthropogenic contamina-

tion such as vanadium for oil spills, lead for

leaded gasoline, and secondly, those indicating a

specialised diet or feeding habit in natural condi-

tions, such as cadmium reflecting the consump-

tion of cephalopods, mercury reflecting the

consumption of deep water prey and silver

reflecting the consumption of benthic organisms

(Monteiro et al. 1992; Bustamante et al. 1998,

2004; Dehn et al. 2005).

Metal concentrations in marine top predators

are influenced by biological factors of which age is

the most important, and by environmental factors

such as the geographical origin, the habitat and

dietary preferences. The concentrations of cad-

mium could reach extremely high levels in the

kidneys of seabirds and marine mammals, espe-

cially in those from high latitudes. Cephalopod

consumption has been suggested to be responsi-

ble for such elevated concentrations (e.g. Caurant

and Amiard-Triquet 1995, Bustamante et al.

1998). This is supported by the clearly higher

cadmium concentrations in cephalopods in com-

parison to most of the other prey species in a

single area, and the high proportion of this metal

in a bioavailable form for the upper trophic level

(Bustamante et al. 2002b). In a same region,

cephalopod consumption can also discriminate

habitat use by a single species. This approach

facilitated the discrimination of two groups of

dolphins in the same genetic population. Thus

cadmium appears to be a good long term marker

of predators feeding on coastal species and those

feeding on oceanic ones (Lahaye et al. 2005).

Habitat use could also be addressed using mer-

cury in both teuthophageous and non-teuthopha-

geous predators. For example, fish (i.e. swordfish)

and seabirds (e.g. albatrosses and petrels) feeding

on mesopelagic prey exhibit higher mercury

concentrations compared to other seabird species

that feed on epipelagic prey (Ochoa-acuña et al.

2002; Kojadinovic et al. 2006). This is because

mesopelagic prey has enhanced mercury concen-

trations in their tissues (Monteiro et al. 1992;

Bustamante et al. 2006).

Future scope

Analyses of trace elements and metals in hard

and soft tissues of marine animals provide com-

plementary tools to standard methods used to

investigate the structure of populations, the

movements and migrations of individuals and

their feeding ecology. The use of heavy metal

analysis in cephalopods and their predators has

received increasing interest during the last decade

and promises to be of increasing use in the future

in remote Southern Ocean regions.

Investigating the role of squids in marine food
webs through an ecosystem model

approach—E.P.M. Grist, E.A. Fulton, G.D.

Jackson

Dynamic ecological models are shaped by specific

questions but fall into two general classes: (1)

conceptual, qualitative, or mechanistic abstrac-

tions which address strategic issues or (2) complex

representations which attempt to emulate the real

world by producing a ‘virtual’ simulation world.

In all cases it is necessary to identify key

biological and physical features as well as appro-

priate temporal and spatial scales for the dynamic

processes of interest. A decision has to be made
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on the detail that is necessary to achieve what is

perceived as an ‘optimal’ model for a given set of

questions. This may typically take the form of a

perceived ‘trade off’ between the number of

species to be incorporated and the amount of

detail that should be used to represent them, as

shown schematically in Fig. 3.

Recent advances in computational power have

meant that it is now possible to build highly

complex ecological representations which permit

longer term projections of population, community

and ecosystem dynamics to be made under a

variety of possible future scenarios. Their appli-

cation to marine ecosystems in the fisheries

context has resulted in the ‘ecosystem model

approach’ which provides a computational man-

agement tool for management strategy evaluation

(MSE), whereby a range of management decision

processes are evaluated in advance before their

possible implementation.

Atlantis framework

An area of special research interest centres on

marine food webs that typically involve many

indirect interactions that are highly nonlinear

between different functional groups. The pivotal

role occupied by squids as both predator and prey

in marine ecosystems remains poorly understood

because of the many connections with different

trophic groups and the complexity of the ecolog-

ical dynamics which they imply (Gurney and

Nisbet 1998). In this section we consider how the

role of squids may be assessed using an ecosystem

approach based on the Atlantis framework

(Fulton et al. 2004). The framework represents a

natural ecosystem using a nutrient-based biogeo-

chemical model that is coupled in the biological/

physical sense through differential equations,

with linkages between biological groups both

spatially and physiologically resolved. It depicts

the ecosystem together with anthropogenic

(primarily fisheries) activities and any effects that

may impact upon it.

A main component within the Atlantis frame-

work is the food web defined between the various

functional groups. The vertebrate and cephalopod

groups incorporate age-structure whereas other

groups are more concisely handled as biomass

pools. Production, consumption and growth, hab-

itat dependency, reproduction, movement and

large-scale migration, predation and other forms

of mortality (such as disease) and waste produc-

tion are all handled explicitly. This ecology is set

in an environmental context using a physical

transport model within a polygonal box geometry

(Fig. 4) that has multiple layers per box. Physical

Fig. 3 Schematic diagram of ecosystem and other models
showing the range of ecological model design

Fig. 4 Example of the Atlantis framework applied to a
south-east Australia marine domain showing (a) polygonal
spatial box compartments and (b) depth structure, based
on bio-regionalisation
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properties (e.g. depth, seabed type, porosity,

salinity, and temperature) are defined for each

box (and may change dynamically through time)

and transport between boxes (or water column

layers within a box) represents processes such as

advection, diffusion, settling, mixing and re-sus-

pension. The model is also driven using irradiance

and point source input time series, along with

exchanges with the atmospheric and oceanic

boundary boxes.

The anthropogenic components of the Atlantis

framework consist of fisheries, sampling, assess-

ment, and management sub-models. The assess-

ment sub-model includes a variety of the typical

fisheries assessment methods from simple catch

curve analysis to more complicated approaches

such as Virtual Population Analysis. The results

of these assessments feed into the management

model, which includes all major management

levers of interest in the study area, including:

spatial and temporal closures; gear, vessel and

trip restrictions; by-catch mitigation; escapement;

quotas (total, basket, companion or regional);

target and protected-endangered-threatened spe-

cies considerations. The management levers can

be employed to vary fleet-to-fleet within the

fisheries sub-model and compliance with manage-

ment need not be complete.

Example application

To demonstrate the scope of the Atlantis frame-

work we provide a simple example in which the

effect of anthropogenic finfish fishing mortality on

the Bass Strait in south east Australia eco-region

is investigated. We consider a hypothetical sce-

nario in which the fishing effort is applied in an

intensity equivalent to that which has historically

been applied to the North Sea in Northern

Europe. How would this anthropogenic pressure

be predicted to affect the various trophic

abundances and food web linkages present in

the marine ecosystem? Figure 5a,b show the

projected food web structure after running the

Atlantis framework to equilibrium both before

and after the effects of the fishing pressure have

been applied. In this schematic diagram, the area

of each box is proportional to the equilibrium

biomass of the associated functional group

with rectangular boxes for invertebrates and

trapeziums for vertebrates showing their age/size

structure composition. The thickness of the con-

necting arrows is proportional to the biomass

flows between the various groups to which they

connect. Comparison of these two figures in

particular shows that the predicted effect of the

fishing pressure would be to shift the equilibrium

of the ecosystem so that a major increase in squid

and jellies biomass occurs. There is also a

predicted decrease in demersal and pelagic fish

abundances, both in terms of overall biomass and

a reduction of larger size classes, as indicated by

the absence of basal portions of the correspond-

ing trapeziums. Additionally, some of the main

predator-prey interactions and biomass flows as

indicated by the changes in arrows between the

groups are altered.

Calibration is achieved by a comparison of

model output with time series data obtained for

specific groups or species from historic catch or

survey data. Although the example considered

here is conjectural, the approach has been used to

validate the model when applied to a range of

management scenarios on different spatial and

temporal scales. For example, in a representation

of the Georges Bank, Northern California Cur-

rent (Brand et al. 2006) and the New South Wales

and broader regional south east Australian

marine ecosystems, the predictive capacity was

verifiably demonstrated to be accurate in terms of

generating historically accurate projections for all

of the commercially targeted fish species. For

groups which had patchier historic time series,

there was still a match in terms of trends and

order of magnitude, but the overall fit was not as

tight as for groups with good historical data.

Poorer levels of available data for these groups

implied less overall information, but the matching

of trends was still considered significant given

the management strategy evaluation framework

within which the model is typically applied.

Future scope

The Atlantis framework is a system which enables

a wide range of questions to be addressed. An

intended future application will be to tailor the

framework to a squid-centred design that will
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assist with Australian arrow squid stock assess-

ment in southeast Australia. This will be achieved

by reducing the spatial domain of interest and

compressing the corresponding marine food web

to an appropriate ‘squidcentric’ subweb, such as

that shown in Fig. 6

The framework will then be used to quantify

the inter-reliance of squid stocks in different

management areas and provide projections of the

effects of fluctuations in both environment and

fishing effort on squid recruitment size and

seasonal timing. At the same time, this will

provide insights into the general significance of

squids within marine ecosystem dynamics that

would otherwise remain unknown.

DNA Barcoding the fishes of the world—R.D.
Ward

DNA sequence analysis has been used for over

30 years to assist species identifications, but

different sequences have been used for different

groups and in different laboratories. Recently,

Hebert et al. (2003) proposed that a single gene

sequence, an approximately 655 base pair region

Fig. 5 Example showing
how the Atlantis
framework can be used to
assess the potential effect
of intense fishing pressure
on trophic abundances
and connections in the
Bass Strait, by showing
the food web equilibrium
(a) before fishing and (b)
after intense fishing effort
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of the mitochondrial cytochrome oxidase gene

(COI), would differentiate all, or at least the vast

majority of, animal species. The sequence of this

region was likened to a barcode, with each species

being delineated by a single sequence or a tight

cluster of very similar sequences (see Fig. 7). The

concept and development of fish barcoding is

discussed in this section. This provides a frame-

work for how such a technique could be used to

discriminate cephalopods of which there are far

fewer species.

The concept of species barcodes fired the

imagination of many scientists around the world.

In spring 2004 (see Savolainen et al. 2005), the

Sloan Foundation provided an award to establish

a secretariat for the ‘Barcode of Life’ at the

Smithsonian National Museum of Natural His-

tory (Washington, DC, USA), which in turn led

to the creation of the Consortium for the Barcode

of Life (www.barcoding.si.edu). At the University

of Guelph (Ontario), a barcode database

(BOLD, the Barcode of Life Database) was

established which permits deposition of se-

quences, collection information and photographs

of specimens, and includes software for prelimin-

ary data analysis including tree construction

Fig. 6 A ‘squidcentric’
food subweb applicable to
arrow squid stocks
located off of the south
eastern Tasmania. The
major functional groups
are shown together with
program code definitions

Fig. 7 Part of the COI
barcode region for two
species of hammerhead
sharks, showing six
nucleotide base changes.
These scans are the
outputs of automated
DNA sequencers
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(www.barcodinglife.org). Projects within BOLD

can be password-protected if desired and it is

straightforward to transfer these sequences to

GenBank.

Empirical support for the barcoding concept

includes studies of Lepidoptera (Hebert et al.

2004a; Hajibabaei et al. 2006), parasitoid flies

(Smith et al. 2006), ants (Smith et al. 2005a),

springtails (Hogg and Hebert 2004), frogs (Vences

et al. 2005) and birds (Hebert et al. 2004b).

The first application to fish species

Does DNA barcoding discriminate fish species? If

it does, an open-access web-based library of

species barcodes would greatly facilitate the

accurate identification of unknown specimens.

These unknowns could be whole fish, fillets, fins

or fin fragments, juveniles, larvae or individual

eggs. It is also possible that the methodology

would permit the identification of prey items in

stomachs, although this has yet to be confirmed.

Deep divergence in COI sequences within a

single putative species might flag the discovery

of cryptic species.

The ready availability of such a searchable

database would have important repercussions for

fisheries management, ecosystem research, con-

servation, and the detection of retail substitutions

of species. All that would be necessary for

identification would be that a tiny fragment of

the unknown specimen be sent to a molecular

genetics laboratory for sequencing (using pub-

lished conserved primers for sequence amplifica-

tion) and then matched against the on-line

database using an on-line search engine.

The first fish barcoding paper was an analysis of

207 species of fish (Ward et al. 2005), mostly

Australian marine species and including chaemer-

ids, sharks, rays and teleosts; most species were

represented by multiple specimens. The average

within-species genetic divergence was very low

(0.39%), far lower than the average divergence of

species within a genus (9.93%). All these 207

species could be differentiated by their COI

sequence, although single individuals of two

species had haplotypes characteristic of a conge-

ner. These individuals could reflect haplotype

sharing of recently diverged species, hybridisation,

or mis-identification: we suspect the latter but

unfortunately these specimens were not retained

and vouchered and so cannot be re-examined.

Data for all these species are available for

examination at www.barcodinglife.org.

These few questionable identifications show

how important it is that, in the establishment of a

reference barcode dataset, as many whole spec-

imens as possible are archived in case questions

later arise about identification accuracy. It is

essential that geneticists and taxonomists work

together closely in the establishment of a barcode

database. This is not just for accurate identifica-

tion of contributing samples, vital though that is,

but also for resolution of issues such as whether

deep sequence divergence is indeed likely to flag

the existence of previously undescribed species.

Subsequently several hundred more Australian

fish species have been barcoded with >99% spe-

cies separable. A valuable case-study is provided

by the dogfish genus Squalus. Here careful

morphological examination of the taxon Squalus

mitsukurii in south-east Asian waters revealed a

complex of as yet un-named species (Last and

Stevens 1994): barcoding confirmed the reality of

this species complex.

Based on an examination of more than 500 fish

species, our very firm conclusion is that COI

sequencing - barcoding - can be used to identify

fish to an extremely high level of accuracy.

Further, comparisons with conspecific specimens

barcoded from off the South African coasts

suggest the existence of a significant amount of

cryptic species diversity.

Fish Barcode of Life (FISH-BOL)

Given the early fish results, and the importance of

fish species to the global economy, a collaborative

venture was established with the aim of barcoding

all the fishes of the world. The FishBase global

count of fish species in November 2005 was 29,200

(see www.fishbase.org), about 50% of all verte-

brate species, but a manageable number.

Assisted by a grant from the Sloan Foundation,

an inaugural FISH-BOL—the Fish Barcode of

Life—workshop was held in Guelph in June 2005.

The agenda for this workshop, its outcomes, and

other information is available at www.fishbol.org.
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At the workshop it was decided to establish a

chair and a co-chair for each of ten geographic

regions. It would be the duty of these chairs and

co-chairs to assemble a local working group to

facilitate the barcoding of both the marine and

freshwater species of that region. Working groups

would be expected to include both geneticists and

taxonomists. Species lists for each region have

been provided courtesy of Nicolas Bailly of

FishBase, with these lists partitioned by FAO

statistical regions. Initially, the aim is to try to get

five individuals of each species barcoded per

working group region, and then refine the sam-

pling to include five specimens per FAO region.

Clearly, while we think this project is achiev-

able and desirable, it will cost money and will

take some years. Progress in some regions has

been slow, reflecting a shortage of funds. As of

March 2007, about 3500 species have been

barcoded with an average of about four speci-

mens per species. In fact, the actual barcoding is

relatively trivial in terms of cost and money.

Collection, identification and vouchering of spec-

imens is substantially more labour-intensive.

While there are large collections of fishes in

museums around the world, most of these were

collected in the pre-genomics era and have been

preserved in formalin. It is possible to get

sequence data from formalin-preserved fish, but

this is labour-intensive and costly as the sequence

data can in generally only be recovered in small

sequences of perhaps 100 base pairs and then

needs to be assembled. On the other hand, frozen

tissue or alcohol-stored tissue can be barcoded for

all 655 base pairs in a single run.

Future scope

The concept of barcoding has significant rele-

vance to cephalopods. There are only about 800

species of cephalopods so barcoding all cephalo-

pods will be a much simpler task than barcoding

all fishes. Given the availability of accurately

identified barcode-able material, and funds, it

should be possible to complete the task in a year

or two. Information on COI sequence variation is

already available for single individuals of about

40 decapod and octopod species (Carlini et al.

2001; Zheng et al. 2004), and is very largely

species-specific (a few Sepiidae of different spe-

cies appeared to share COI barcodes, Zheng et al.

2004). The topic of a cephalopod barcode of life

project (CephalopodBOL) was discussed further

during special meetings at the CIAC symposium

during the week after the workshop. It is expected

that this initiative will continue to move forward.

Cephalopod beak guide for the Southern

Ocean—J.C. Xavier and Y. Cherel

Rationale

As Southern Ocean cephalopods are difficult to

catch in nets, most of our knowledge of these

molluscs is based on their occurrence in predator

diets (Cherel and Klages 1998; Rodhouse and

Nigmatullin 1996; Xavier et al. 2002). Cephalo-

pods are eaten in large numbers by seals, seabirds

and whales, with an estimated 400,000 tons con-

sumed each year around South Georgia, Crozet

and Kerguelen Islands (Clarke 1983; Ridoux

1994). Consequently, much effort has been put

into the development of methods to determine the

identity and size of cephalopods, based on the

morphology of their beaks (Clarke 1966; Clarke

1977; Clarke 1986; Lu and Ickeringill 2002). Pres-

ently, there is no published guide directed to

identify beaks of cephalopods from the Southern

Ocean. The handbook used (Clarke 1986) is now

out of print and is in need of revision with

additional material. Indeed, various new cephalo-

pod species have been described for the Southern

Ocean (e.g. Allcock and Piertney 2002) and

taxonomic work has improved their nomenclature

(Lipinski 2001). Therefore, it is highly desirable to

have a guide that includes all available information

on the cephalopod species of the Southern Ocean.

A guide is to be designed to support the

analysis of diets of higher predators from the

Southern Ocean. We propose the publication of a

new photographic guide, in which will include

comments on the species beak characteristics,

using both upper and lower beaks. This would

serve a variety of purposes: (i) to update previous

identification guides which are mostly out of

print, and do not incorporate recent changes in

nomenclature and the improved ability to
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distinguish species with similar beak morphology,

(ii) to indicate which species are present, and in

what numbers, in the diet of different predators to

speed the identification process, (iii) to advance

our knowledge in beak identification (as upper

and lower beaks are used) particularly useful on

predator diets which upper beaks are normally in

higher number, (iv) to provide an easily accessible

resource for the non-specialist scientists (e.g. new

field assistants) and elsewhere, such as research

institutes and universities.

The Southern Ocean beak guide will have full

coverage of all known species found in the diet of

predators in the Southern Ocean. The layout will

comprise: (a) A general introduction to the use of

squid beaks to characterise predator diet and a

description of how to use the guide, (b) Photo

images (3 per species, from a high resolution

Digital camera) of the lower beaks of all squid

and octopod species and of the upper beaks of

key /most abundant species, (c) Brief descriptions

of the key identification features, (d) A compre-

hensive key to help readers identify beaks to

families/species level, (e) Updated allometric

equations to convert beak size to original body

mass and size, (f) Updated species nomenclature,

(g) Comments on the relative incidence of each

species in the diet of particular predators, (h) An

indication of the typical beak sizes recorded in the

diet of each predator and (f) A bibliography and

suggested further reading.

Future scope

More than 50 cephalopod species, from 24 fam-

ilies (including 5 octopod families), are known to

occur around the Southern Ocean (from the

Atlantic, Indian and Pacific sectors) and adjacent

waters. There is a number of issues that need to

be addressed in terms of cephalopod beak iden-

tification for the Southern Ocean. Firstly, there is

an urgent need for quantitative work on the

allometric relationships between beak size and

the original mantle length/mass of cephalopods.

Even the most abundant species in the Southern

Ocean are poorly represented, such as Kondako-

via longimana, Galiteuthis glacialis or Mesony-

choteuthis hamiltoni. Secondly, various unknown

cephalopod beaks are found in Southern Ocean

predators but complete animals have never been

caught by nets. For example, the morphology of

some Southern Ocean cephalopods is still

unknown (such as Moroteuthis sp. B (Imber)

and Oegopsida sp. A) whose beaks occur in

various predators (Fig. 8). Thirdly, as cephalopod

beaks are found in a wide range of predator diets

and reside there for different lengths of time, they

can get heavily eroded and change their shape,

making their identification difficult (Xavier et al.

2003). Fourthly, cephalopod beaks of some spe-

cies may change dramatically their structure as

they grow (e.g. Moroteuthis ingens). Fifthly, need

to improve identification techniques on the iden-

tification of cephalopods using upper beaks.

Finally, much effort has been put into the

systematics of Southern Ocean octopods recently

but, out of the around 20 species of octopods

known to occur in the region, much taxonomic

work still need to be done (including their beaks

descriptions). In spite of the problems in studying

beaks, the information they can give is extremely

valuable. Studies on the diets of cephalopod

predators from the Southern Ocean, along with

the suggested improvements on cephalopod

beaks identification, will enhance our knowledge

on cephalopod ecology and stimulate scientific

research on this important research area of the

biology of the Southern Ocean.

General discussions during the workshop

A number of other presentations/discussions also

took place during the two days of the workshop.

These discussions were not formally documented

but highlighted the huge potential and continued

need for Southern Ocean Cephalopod research.

Eric Hochberg pointed out the great need for

parasite studies on cephalopods in the Southern

Ocean. Some parasite species may in fact act as a

taxonomic voucher for some Antarctic octopod

species. For the most part, the Southern Ocean is

virtually unstudied in terms of cephalopod para-

sites and there is thus a huge amount of work to

be done in this area and there is also great

potential for student projects.

Some taxonomic issues were discussed such as

the confusion on the genus Mastigoteuthis versus
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Idioteuthis. For example, it is unclear at the

current time whether the deepwater species

captured off Tasmania and New Zealand should

be Idioteuthis cordiformis or Mastigoteuthis cord-

iformis. This is certainly a group that needs more

work and the use of genetics would likely help

with the taxonomy of this group. It was suggested

that at this stage it would be premature to

subdivide the Mastigoteuthis genus.

The need for further study into the biology

and taxonomy of Southern Ocean juvenile

cephalopods was reiterated by Uwe Piatkowski.

There is especially a need for more information on

the young stages of Antarctic squid. Paralarval

collections are not really comprehensive enough

to identify squid spawning areas. It was suggested

that fixing animals in the dark may help to preserve

chromatophore patterns and it is best to not use

100% ethanol. It was even suggested that animals

can be frozen in water to preserve chromatophore

pattern for drawing. Digital images taken at

the time of collection would also greatly aid

Fig. 8 Lower and upper
beaks of poorly known
Southern Ocean
Cephalopods:
Moroteuthis sp. B (Imber)
(lower beak from
Patagonian toothfish,
caught at Kerguelen, with
5.4 mm lower rostral
length; upper beak from
Patagonian toothfish,
Kerguelen , with 5.0 mm
upper rostral length) and
Oegopsida sp. A
(= Gonatus phoebetriae
(Imber); lower beak from
Patagonian toothfish,
Crozet, 7.0 mm lower
rostral length; upper beak
Patagonian toothfish,
Crozet, with 5.8 mm
upper rostral length).
Scale: 1 cm
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in identifying species and new digital camera

technology is now producing excellent results.

The new initiative of the Census of Antarctic

Marine Life (CAML) was presented by Victoria

Wadley. This program can provide the basis of a

coordinated effort which can help to facilitate

Southern Ocean Cephalopod collections in the

future. A potential strategy would be to take

advantage of existing expeditions that are

planned for the Southern Ocean. Future oppor-

tunities for cephalopod collections could poten-

tially be coordinated by CAML. Such

coordination could involve CAML connecting

researchers with appropriate Southern Ocean

cruises to facilitate cephalopod collections.

The future

The workshop provided an opportunity to show-

case some of the important advances that have

been made in the field of Southern Ocean

Cephalopod biology since the meeting in Cam-

bridge in 1993. At the same time it revealed that

there is still an immense amount of work that

needs to be done. Many of the techniques

discussed will also serve cephalopod researchers

working in other parts of the world outside the

Southern Ocean. The large number of scientists in

training promises a bright future for cephalopod

research in the Southern Ocean. A number of

topics were also suggested for potential workshop

ideas for the next CIAC meeting to be held in

Spain in 2009. Potential areas that would benefit

by international discourse as was demonstrated at

this workshop include:

• Cephalopod responses to fisheries and envi-

ronmental peturbations (e.g., pollution).

• The effects of climate change on cephalopod

populations

• Conservation of cephalopods impacted by

fisheries

• International bycatch management of cepha-

lopods

• The effects of seismic work on cephalopods

and the link to cephalopod mass strandings
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