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Research into the biology and management of cephalopods
continues to accelerate rapidly. This has been especially so
in the past decade. The discovery of new and bizarre species
(Vecchione et al. 2001), the advancement of large-scale stud-
ies based on geographic information systems (GIS; Waluda
et al. 2001), the use of new technology to track individuals
and study activity in situ (O’Dor et al. 2002), the challenges
of managing growing cephalopod fisheries (Lipinski et al.
1998), the patterns of growth at a cellular level (Semmens
and Moltschaniwskyj 2000), the physiological constraints on
life spans (Zielinski and Pörtner 2000) and the potential use
of individuals as ecosystem indicators (Jackson and Domeier
2003) are all examples of advances in this field in recent
years. Furthermore, understanding and describing cephalo-
pod growth continues to pose challenges and difficulties.
While ageing structures in squid, such as, statoliths and gladii
to some extent, have proven to be valuable tools for decipher-
ing and describing growth, we are still facing challenges with
other groups, such as, cuttlefish and octopus. Even when age-
ing data are available and we can construct size-at-age plots,
this does not necessarily reveal the form of growth. Individ-
ual growth rates can be so plastic that attempting to fit curves
to such scatter plots is not straightforward or helpful.

In the context of these challenges, a workshop was con-
vened on cephalopod growth and held in association with
the 2003 Cephalopod InternationalAdvisory Council (CIAC)
symposium on the island of Phuket in Thailand. The pur-
pose of this workshop was to bring together experts from
around the world, to review and evaluate the current state
of knowledge, to work on techniques to advance the field
and to provide direction for the future. This special issue is
a direct, but independently derived, result of that workshop
and attempts to provide a synthesis of our current knowledge
and to provide stimulus for future work.

Why attempt to understand the growth of cephalopods?
Is it really that important? The significance of cephalopods
in the world’s oceans can be appreciated by the trend of
increasing cephalopod catches worldwide, which is in marked
contrast to traditional finfish fisheries (Caddy and Rodhouse

1998). Perhaps a more satisfying rationale for studying the
dynamics of cephalopod populations has been given by
Clarke (1983) who has estimated that sperm whales alone
consume >100 million tonnes of squid annually and that this
figure probably exceeds half of the biomass of humanity. If
this is the estimate of just squids eaten by all individuals of
only one predator, the total biomass of cephalopods in the
world’s oceans must greatly exceed that of humans. Thus,
a better knowledge of their growth and dynamics will help
to assist us in understanding an important component of the
world marine ecosystem.

This special issue provides broad-scale review and discus-
sion papers as well as specific data papers, all related to issues
of cephalopod growth. The majority of work in cephalopod
age and growth has been focused on both the near-shore
myopsid and offshore oegopsid squid. Hence, Jackson (2004,
myopsid squid) andArkhipkin (2004, oegopsid squid) present
timely reviews in this issue. These reviews argue that there
is considerable scope for further research on statolith ageing
techniques, as many species have not yet been studied in any
detail. They also suggest that stringency in statolith ageing
techniques needs to be maintained and call for an expansion
of increment periodicity studies. There are greater challenges
studying age and growth of octopus because there are no stan-
dard ageing techniques. Semmens et al. (2004) review the
history and challenges in studying octopus growth, and high-
light the need to develop and expand novel techniques for
ageing octopus. Cuttlefish are also an important, widespread
and challenging group to study in terms of age and growth,
and deserve further attention.

Moltschaniwskyj (2004) takes a novel approach in ref-
erence to the history and overview of cephalopod growth
at a variety of biological scales, including relative growth
of organs, muscle fibres, proximal composition and pro-
tein synthesis. Examining these processes has helped explain
how cephalopods fuel their rapid growth and life histories,
although different measurements will provide information
on different time scales. Moltschaniwskyj (2004) points
out that protein synthesis can provide information on the
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immediate nutritional or environmental history while size-at-
age provides a more integrated measure of lifetime growth.

Forsythe (1993) published an initial working hypothesis on
how cephalopod growth can be dramatically accelerated, even
with a minor increase in temperature. In this special issue,
Forsythe (2004) provides a synopsis of research undertaken
in the 10 years since the publication of his original ‘Forsythe
Hypothesis’. The body of work reviewed by Forsythe (2004),
and Pecl (2004) in this issue outlines the evidence and his-
torical context of how our understanding of the influence of
temperature on cephalopod growth has changed from a work-
ing hypothesis to a physiological understanding. This devel-
oping awareness of how cephalopod growth rate can alter
radically even after small changes in temperature has been
one of the more exciting developments in the field during the
past decade. As a result, when referring to the influence of
temperature on cephalopod growth, the term ‘Forsythe Effect’
(FE) should now replace the term ‘Forsythe Hypothesis’ —
as suggested by both Pecl (2004) and Forsythe (2004).

Two papers in this special issue tackle the modelling of
cephalopod growth, and thereby provide a unique understand-
ing of the processes governing size and growth. These papers
provide a basis for the examination of existing and future
field and laboratory datasets. Grist and Jackson (2004) pro-
vide a physiologically based model for two-phase growth in
cephalopods, first described by Forsythe (1993). The model
suggests that there are biological constraints that result in a
shift from exponential growth after reaching a critical size, to
growth that is slower and often described by a power function.
Further, Pecl et al. (2004) provide a model that suggests that
hatchling size can have a marked influence on individual size:
a large hatchling could be double the size of a small hatch-
ling growing at the same constant rate after 3 months, even
given equal, and constant growth rates. Life at the start of the
race can be important down the track. The Pecl et al. (2004)
model provides a much needed and useful basis for future
work and may provide another mechanism for understanding
the marked plasticity seen in size-at-age of individuals within
a cohort.

Several original data papers again emphasise the progress
made by focused field or laboratory-based studies. Sakai
et al. (2004) provide useful and fresh insight into statolith
increment periodicity and formation for Illex argentinus
hatchlings grown under different temperatures. This paper
is exciting because the researchers used a combination of
cutting-edge techniques/technologies (artificial fertilisation,
ship-board incubation at different temperatures, and staining
of statoliths with alizarine complexone) to reveal patterns
of increment periodicity. These data can be vital for inter-
preting statolith increments from field-captured individuals.
Minton (2004) investigated differences in growth data from
individual-based models compared to group cultures of cut-
tlefish. This study provides a means for ground-truthing
how different types of datasets can provide us with different

perspectives on growth. This work again reveals how such
information can only be obtained with high-quality culture
facilities, such as those developed at Galveston Texas, USA.

Three studies focus on the dynamics of growth of the
myopsid squid Sepioteuthis australis. Triantafillos (2004)
documents the spatial variability in growth due to environ-
mental and genetic differences across southern Australia and
New Zealand. This study is significant as it is the first to
clearly show that variation in growth may have a strong
genetic (not just environmental) basis. Therefore, the pres-
ence of cryptic species may be a factor in the observed marked
plasticity in growth shown in other studies. Pecl (2004) also
examines a substantial database for S. australis in relation
to seasonal growth at one location in Tasmania, Australia.
This comprehensive study on a single species again forcefully
shows how growth, condition and possibly life span are all
dependent on changing environmental conditions. Ho et al.
(2004) show, for example, that for S. australis, females may
not be allocating the same level of energy to somatic growth
due to a greater requirement to re-allocate energy for repro-
ductive growth. That is, patterns in the allocation of energy
for growth and reproduction were gender-specific, and this
held for the hierarchical levels of the whole-body, muscle
fibre and proximal composition.

This special issue reveals that our knowledge of cephalo-
pod growth is far from complete. The success of this issue,
I believe, is embodied in the many instances in which more
questions have been raised, than have been answered. All
those involved hope that this set of work encourages and stim-
ulates further investigations into cephalopod growth. Clearly,
there is greater scope for statolith-based studies, especially
those that incorporate validation in unstudied species. We
also need to make more progress in developing techniques to
accurately age octopus and cuttlefish. The early life history
of many species remains unknown and the factors responsi-
ble for marked plasticity in size-at-age need more attention.
Finally, there is a need for appropriate techniques to describe
the form of growth. I would like to take this opportunity
to thank colleagues in Thailand and members of CIAC for
organising the 2003 CIAC symposium and growth workshop
that provided the stimulus for this important issue. I am also
indebted to Ron O’Dor who was instrumental in organising
the growth workshop and Alexander Arkhipkin who under-
took a lot of the groundwork to make this special issue a
success. The production of this issue was supported by the
Falkland Islands organisations listed on the title page; their
assistance is very much appreciated.

References

Arkhipkin, A. I. (2004). Diversity in growth and longevity in short-lived
animals: squid of the suborder Oegopsina. Marine and Freshwater
Research 55, 341–355.

Caddy, J. F., and Rodhouse, P. G. (1998). Cephalopod and ground-
fish landings: evidence for ecological change in global fisheries?



Cephalopod growth: historical context and future directions Marine and Freshwater Research 329

Reviews in Fish Biology and Fisheries 8, 431–444. doi:10.1023/
A:1008807129366

Clarke, M. R. (1983). Cephalopod biomass—estimation from predation.
Memoirs of the National Museum of Victoria 44, 95–107.

Forsythe, J. W. (1993). A working hypothesis of how seasonal temper-
ature change may impact the field growth of young cephalopods.
In ‘Recent Advances in Cephalopod Fisheries Biology’. (Eds
T. Okutani, R. K. O’Dor and T. Kubodera.) pp. 133–143. (Tokai
University Press: Tokyo, Japan.)

Forsythe, J. W. (2004). Accounting for the effect of temperature on
squid growth in nature: from hypothesis to practice. Marine and
Freshwater Research 55, 331–339.

Grist, E. P. M., and Jackson, G. D. (2004). Energy balance as a determi-
nant of two-phase growth in cephalopods. Marine and Freshwater
Research 55, 395–401.

Ho, J. D., Moltschaniwskyj, N. A., and Carter, C. G. (2004). The effect
of variability in growth on somatic condition and reproductive sta-
tus in the southern calamary Sepioteuthis australis. Marine and
Freshwater Research 55, 423–428.

Jackson, G. D. (2004).Advances in defining the life histories of myopsid
squid. Marine and Freshwater Research 55, 357–365.

Jackson, G. D., and Domeier, M. L. (2003). The effects of an extraordi-
nary El Niño/La Niña event on the size and growth of the squid Loligo
opalescens off Southern California. Marine Biology 142, 925–935.

Lipinski, M. R., Butterworth, D. S., Augustyn, C. J., Brodziak, J. K. T.,
Christy, G., et al. (1998). Cephalopod fisheries: a future global
upside to past overexploitation of living marine resources? Results
of an international workshop, 31 August–2 September 1997, Cape
Town, South Africa. South African Journal of Marine Science 20,
463–469.

Minton, J. W. (2004). The pattern of growth in the early life cycle of
individual Sepia pharaonis. Marine and Freshwater Research 55,
415–422.

Moltschaniwskyj, N. A. (2004). Understanding the process of growth in
cephalopods. Marine and Freshwater Research 55, 379–386.

O’Dor, R. K.,Adamo, S.,Aitken, J. P.,Andrade,Y., Finn, J., Hanlon, R.T.,
and Jackson, G. D. (2002). Currents as environmental constraints
on the behavior, energetics and distribution of squid and cuttlefish.
Bulletin of Marine Science 7, 601–617.

http://www.publish.csiro.au/journals/mfr

Pecl, G. T. (2004). The in situ relationships between season of hatch-
ing, growth and condition in the southern calamary, Sepioteuthis
australis. Marine and Freshwater Research 55, 429–438.

Pecl, G.T., Steer, M.A., and Hodgson, K. E. (2004).The role of hatchling
size in generating the intrinsic size-at-age variability of cephalopods:
extending the Forsythe hypothesis. Marine and Freshwater Research
55, 387–394.

Sakai, M., Brunetti, N., Ivanovic, M., Elena, B., and Nakamura, K.
(2004). Interpretation of statolith microstructure in reared hatchling
paralarvae of the squid Illex argentinus. Marine and Freshwater
Research 55, 403–413.

Semmens, J. M., and Moltschaniwskyj, N. A. (2000). An examination
of variable growth in the loliginid squid Sepioteuthis lessoniana: a
whole animal and reductionist approach. Marine Ecology Progress
Series 193, 135–141.

Semmens, J. M., Pecl, G. T., Villanueva, R., Jouffre, D., Sobrino, I.,
Wood, J. B., and Rigby, P. R. (2004). Understanding octopus
growth: patterns, variability and physiology. Marine and Fresh-
water Research 55, 367–377.

Triantafillos, L. (2004). Effects of genetic and environmental factors
on growth of southern calamary, Sepioteuthis australis from south-
ern Australia and northern New Zealand. Marine and Freshwater
Research 55, 439–446.

Vecchione, M., Young, R. E., Guerra, A., Lindsay, D. J., Clague, D. A.,
Bernhard, J. M., Sager, W. W., Gonzalez, A. F., Rocha, F. J., and
Segonaz, M. (2001). Worldwide observations of remarkable
deep-sea squids. Science 294, 2505. doi:10.1126/SCIENCE.294.55-
51.2505

Waluda, C. M., Rodhouse, P. G., Podesta, G. P., Trathan, P. N., and
Pierce, G. J. (2001). Surface oceanography of the inferred hatching
grounds of Illex argentinus (Cephalopoda: Ommastrephidae) and
influences on recruitment variability. Marine Biology 139, 671–679.
doi:10.1007/S002270100615

Zielinski, S., and Pörtner, H. O. (2000). Oxidative stress and antiox-
idative defense in cephalopods: a function of metabolic rate or
age? Comparative Biochemistry and Physiology. B, Comparative
Biochemistry 125, 147–160. doi:10.1016/S0305-0491(99)00162-5


