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Abstract Population dynamics and maturity parame-
ters were analysed for seasonal samples of the oceanic
ommastrephid squid Todarodes Wlippovae from oV the
coast of Tasmania Australia from 2002 to 2004. Based
on assumed daily periodicity in statolith increments,
T. Wlippovae had a life cycle of about a year with the
sexually dimorphic females reaching their larger size
by predominantly growing faster than males. Due to
the small sample size of males, analysis was undertaken
on female individuals only. Growth in all samples was
best described by a power curve and varied annually,
with signiWcantly faster growth in 2001 compared to the
subsequent 2 years. Seasonal growth rates also varied
with autumn- and winter-hatched squid signiWcantly
faster than summer-hatched squid. Spring growth rates
were intermediate but not signiWcantly diVerent to the
other three seasons. Peak hatching periods occurred in
late autumn and early winter. ANOVA revealed a
season £ year interaction for mantle length and total
body weight. Pairwise comparisons showed that the
annual diVerences were likely driven by smaller squid
in autumn 2002 compared to autumn samples in the
other 2 years. Pairwise comparisons also revealed sea-
sonal diVerences with winter-caught squid smaller than

those from the majority of other samples. There were
no seasonal eVects on mature female gonad weights
but females caught in 2002 had signiWcantly lighter
gonad weights than females from the following 2 years.
There were no consistent trends among seasons or
years in the age structure of mature females. This study
revealed the plasticity and Xexibility in growth and
maturity parameters in this species, with a preference
for faster growth during cooler periods.

Introduction

Squid are likely to play an increasingly important role in
marine ecosystems. This could be due to their potentially
greater abundance compared to past decades, resulting
from the marked removal of many of their teleost preda-
tors (Meyers and Worm 2003). Pelagic squid stocks will
potentially come under increasing pressure as global Wsh-
eries look to new populations to exploit (Caddy and
Rodhouse 1998; Rodhouse et al. 2001). Furthermore,
due to their short life cycles and fast growth rates, squid
respond quickly to environmental change. It may also be
feasible to use aspects of squid recruitment, abundance
or growth parameters as a proxy for understanding eco-
system Xuctuations (e.g. Waluda et al. 2004).

Squid populations can undergo dramatic Xuctua-
tions in abundance due to changes in oceanographic
conditions (e.g. O’Dor and Dawe 1998; Dawe et al.
2000; Jackson and Domeier 2003). Such Xuctuations
can have consequences for squid predators as well as
squid prey within their ecosystems. In the Southern
Ocean food chain, squid are an important link between
lower trophic levels and higher vertebrate predators
(e.g. Rodhouse and White 1995).
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The life history and ecology of Southern Ocean
squid within the PaciWc and Indian Ocean sectors is an
area currently needing further research. Many aspects
of squid ecology and their role in the ecosystem still
need considerable research for most species, particu-
larly oVshore and oceanic species. Such data are imper-
ative for future issues of ecosystem modelling and
management. Furthermore, large ommastrephid squid
are important components of many of these oceanic
regions.

In the northern and southern hemispheres, the
ommastrephid genus Todarodes forms an important
species complex. There are large stocks and targeted
Wsheries for both Todarodes paciWcus (Rodhouse et al.
2001) and Todarodes sagittatus (Borges and Wallace
1993) in the Northern Hemisphere, while the Southern
Hemisphere species of Todarodes Wlippovae, Todarodes
angolensis and T. paciWcus pulsillus (Dunning and
Wormuth 1998) are relatively poorly studied. Within
the waters oV Tasmania, Australia, both T. Wlippovae
and T. angolensis co-occur. However, T. Wlippovae is
the more common species encountered in deepwater
Wshery bycatch. Earlier work considered that there was
only a single Southern Ocean species referred to as
T. angolensis. However, the taxonomic status of both
T. Wlippovae and T. angolensis has now been estab-
lished (Dunning 1998) with both species being easily
separated by the size and number of teeth in the largest
median manus suckers (Roeleveld 1989; Dunning and
Wormuth 1998).

Data on collection localities suggests that T. Wlippo-
vae has a circum-polar distribution, particularly in
association with high velocity current systems. While
currently identiWed as one species, there is the possibil-
ity that T. Wlippovae may represent a species complex
(Rodhouse 1998). More detailed genetic work
throughout the range would help resolve the genetic
status of T. Wlippovae across its distribution. In the
region of the Tasman Sea, T. Wlippovae is the most
abundant ommastrephid in the subtropical conver-
gence zone and in slope waters oV southeastern Aus-
tralia (Dunning 1993). T. Wlippovae is a large and
muscular pelagic ommastrephid (> 500 mm mantle
length and weight > 4 kg) and is likely to be an impor-
tant part of this ecosystem. A number of Southern
Ocean vertebrates prey on T. Wlippovae including
sperm whales Physeter macrocephalus (Evans and
Hindell 2004), New Zealand fur seals Arctocephalus
forsteri (Page et al. 2005), southern elephant seals
Mirounga leonina (Burton and van den HoV 2002) as
well as three species of albatross; black-browed
Diomedea (Thalassarche) melanophris, yellow-nosed
Diomedea (Thalassarche) chlororynchos and grey-headed

Diomedea (Thalassarche) chrysostoma (Cherel and
Klages 1997).

This study was aimed at obtaining key parameters of
the age, growth and maturity of T. Wlippovae oV the
coast of Tasmania. Because data were collected over a
number of years it was possible to consider the trends in
maturity and growth rates over an extended time period.

Methods

Squid were obtained over 3 years between summer
2001/2002 and winter 2004. Squid were collected as a
bycatch of the deepwater trawler Adriatic Pearl. The
gear used was a cut-away wing demersal trawl with a
headline height of 6 m. Typical trawling depth was
between 700 and 1,200 m. During each year squids
were sampled during summer, autumn and winter
(except for winter 2003 where only a few individuals
were obtained). The summer and autumn samples each
year were obtained oV the coast of southern Tasmania,
in the regions of Maatsuyker Island, Pedra Branca and
the Cascade Plateau (145–152°E, 44–46°S). The winter
2002 sample consisted of squid from oV the east coast
of Tasmania (»149°E, 41°S), while the winter 2004
sample included squid pooled from both the south and
east coast of Tasmania.

Specimens were either frozen on board ship or
immediately upon arrival at port, and were later
defrosted and dissected. Parameters taken for each
squid included sex, maturity stage (after Lipinski
1979), total weight (W) to the nearest gram, and mantle
length (ML) to the nearest millimetre. Weights of
ovary and oviducts were also taken to the nearest 0.1 g.

Statoliths were removed, rinsed in water and stored
dry prior to ageing. Statolith preparation included
mounting statoliths in crystal bond and grinding and
polishing with lapping Wlm after Jackson et al. (2003).
However, for many of the specimens, especially larger
ones, grinding and polishing was required on a third
plane. This necessitated tilting the statolith with the
dorsal dome slightly inclined and a further grinding
plane was taken from the nuclear area to the outer
edge of the dorsal dome. This produced a thinning of
the statolith structure in the dorsal dome, which helped
to reveal the increment structure in this region. This
technique was similar to the technique needed for
statoliths from large females of Moroteuthis ingens
(Jackson 1997). Increment counts were taken using
either a Nikon Eclipse E400 high power microscope
directly or an Olympus CH 30 microscope counted via
a digital camera and PC with a Sony Trinitron monitor.
All counts were taken at 400£.
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No validation work has been carried out for
T. Wlippovae, thus the age estimates in this study are
putative. However, there is validation of daily statolith
increment periodicity for other closely related omma-
strephids including T. paciWcus in Japan (see Jackson
1994; Jackson and O’Dor 2001). Therefore, we are
assuming that statolith increment counts represent a
valid means of ageing this species.

Statistical analysis

Growth analyses were only undertaken on females
(n = 401) due to the low sample size for males
(n = 61). For growth analysis, individuals (all sized
and aged females) were grouped according to hatch
season in each year from 2001 to 2003. All summer
samples for each year included January and February
of that year along with the December sample of the
previous year. Separate power law growth models
were Wtted to the weight-at-age data. We Wtted a sepa-
rate lines model to logged weight-at-age data to com-
pare growth rates (slopes) by season and year.
ANOVA was used to assess annual and seasonal
trends in mean log-transformed W, ML, gonad weight
(ovary + oviducts) and age of mature females. Mature
females were grouped according to year and season of
capture. These included summer, autumn and winter
for the 3 years from 2002 to 2004. Where the presence
of higher order interactions was indicated, pairwise
multiple comparisons between groups were computed
using the logical constraints method of Westfall et al.
(1999). SigniWcance in all analyses was taken at the
0.05 level.

Results

This species is sexually dimorphic with females reach-
ing a much greater ML and weight than males. The
range in mantle length and weight for females was 211–
540 mm and 155–4,704 g, while males were 170–
316 mm ML and 90–1,961 g (Fig. 1). It is not clear why
females were more common in catches than males
although it is likely that males are better at avoiding
the trawl net compared to females. Interestingly, the
majority of males captured showed considerable skin
damage with much of the skin worn oV whereas
females (even of comparable sizes) were generally
much less damaged. This may indicate a more vigorous
eVort by males to avoid net capture.

Pairwise comparisons across all seasons and years
revealed that mature females were signiWcantly heavier
and had greater mantle lengths for each season with a
mean weight that was 1,656 g (95% CI 1,472–1,840 g,
P < 0.0001) and a mean ML that was 115 mm (95% CI
104–126 mm, P < 0.001) greater than mature males.
Similarly, pairwise comparisons revealed that the mean
age of mature females was signiWcantly greater than
mature males (P < 0.0001). The mean age of mature
females (294 days) was 34 days greater than mature
males (260 days, 95% CI 31–48, P < 0.0001).

The hatch-date distribution of T. Wlippovae over the
3 years of collections revealed year-round hatching
with three prominent peaks (Fig. 2). In 2001 there was
a peak in late April, whereas 2002 and 2003 had similar
hatch peaks in early June. Thus the majority of speci-
mens in this study were hatched in late autumn or early
winter. To a large extent this pattern is governed by the

Fig. 1 The length–frequency 
distribution of all male and fe-
male individuals of Todarodes 
Wlippovae from Tasmanian 
waters in this study
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periods of time that squid were available from the Wsh-
ery, with most squids collected during summer and
autumn. However, it does reveal that hatching tended
to occur during restricted periods.

Based on statolith ageing, T. Wlippovae appears to
have a life cycle of around a year with females achieving
a slightly greater age (> 360 days) than males (< 350 days
and most < 325 days) (Fig. 3). Due to the greater size of
females (which reached weights > 3 kg) they generally

had faster growth rates than males that were all < 2 kg.
Thus a much greater body size was reached for females
for a comparable time period. Mature (stages 4, 5)
females ranged in age from 239 to 364 days while males
matured younger ranging from 190 to 310 days.

Individuals were grouped according to hatch season,
and growth was described by the power model (Fig. 4).
Due to the lack of age data for the smaller and younger
squid, the form of growth in this study could only be

Fig. 2 The hatch-date distri-
bution of all aged individuals 
of Todarodes Wlippovae. The 
lines represent the trend in the 
monthly percent frequency
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Fig. 3 The relationship 
between age and weight for 
female (F) and male (M) 
individuals of Todarodes 
Wlippovae
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described for the second half of the life span. Separate
lines regression was undertaken for the female size-at-
age data. Seasonal growth patterns of females showed
no evidence of a season £ year £ log age interaction.
Pairwise comparisons of years adjusting for seasonal
diVerences revealed that squid hatched in 2001 had sig-
niWcantly faster growth rates than squid hatched in
2002 or 2003 (Fig. 5a). Furthermore, pairwise compari-
sons of seasons, adjusting for yearly diVerences
revealed that autumn- and winter-hatched squid had
the fastest growth rates which were both signiWcantly
higher than squid hatched in summer. Squid that
hatched in spring showed intermediate growth rates,
however, they were not signiWcantly diVerent from the
other three seasons (Fig. 5b).

Females showed a greater spread of maturity stages
throughout all capture seasons sampled (Fig. 6a) with
the greatest predominance of mature females during
the winter of 2002. In contrast, except for the summer
sample of 2002, all males were mature (Fig. 6b).

Analysis of variance was undertaken according to
season of capture for weight, ML, gonad weight and age

of all mature females excluding the winter 2003 sample
because of only one observation. There was a strong
season £ year interaction (FW = 3.47, df = 4,157,
P < 0.01) in the mean weight of mature females. Pair-
wise multiple comparisons revealed that the autumn
sample in 2002 was signiWcantly lighter (P < 0.001) than
the 2003 and 2004 autumn samples, which were not sig-
niWcantly diVerent from each other. The weight of indi-
viduals from winter 2002 and 2004 samples were not
signiWcantly diVerent from each other, but were lighter
than the majority of all other samples. The weight of
mature winter-caught females (2002, 2004) were the
same as autumn 2002, however, winter 2004 was also
the same as summer 2002 (Fig. 7a). Similarly, ANOVA
revealed a moderate season £ year interaction in ML of
mature females (FML = 2.53, df = 4,158, P < 0.05). The
autumn 2002 individuals were shorter in ML than
autumn 2004 individuals (P < 0.01) but not autumn
2003. Also mantle lengths of 2002 and 2004 winter squid
were similar but signiWcantly shorter in ML than all
other samples (P < 0.05) with the exception of winter
2004 that was similar in ML to autumn 2002 (Fig. 7b).

Fig. 4 The relationship between age and weight for all female individuals of Todarodes Wlippovae grouped according to hatch season
for 2001–2003. The Wtted curves represent power curve Wts
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Analysis of variance of mature female gonad
weights (i.e. ovary + oviduct weight) among all seasons
did not reveal any evidence of a season £ year interac-
tion. However, when the interaction term was dropped
from the analysis there was strong evidence of a year
eVect (Fgonad weight = 6.24, df = 2,158, P < 0.01) but no
evidence of a season eVect. Mean gonad weights of
mature females sampled in 2002 were signiWcantly
lighter than for mature females caught in 2003
(P < 0.01) and 2004 (P < 0.01), which were similar to
each other (Fig. 7c). Standard residual diagnostics
revealed outliers, but deleting these did not alter the
conclusions. Analysis of ovary weight alone revealed a
similar pattern to that observed for ovary and oviduct
weight combined.

There was a strong season £ year interaction
(Fage = 6.47, df = 4,153, P < 0.001) in the mean age of
mature females for all seasons and years. Pairwise mul-
tiple comparisons failed to highlight any consistent
trends. However, the summer 2002 females were sig-
niWcantly older compared to all other samples except
summer 2004. There were no other consistent trends in
age across seasons and years (Fig. 7d).

Discussion

As is typical of squid, T. Wlippovae displays rapid
growth, short life spans and early maturity coupled

with intra- and inter-annual plasticity in size and
growth parameters. The life span does not appear to be
longer than a year. These data agree with the growing
body of literature on other cool water ommastrephid
squid in which the majority appear to have a life cycle
that is annual or slightly more than a year (e.g. Jackson
1994; Jackson and O’Dor 2001; Arguelles et al. 2001;
Chen and Chiu 2003). Growth parameters of T. Wlippo-
vae in this study agree with a similar study on T. angol-
ensis, oV Namibia (Villanueva 1992), although in much
lower latitudes between 23 and 30°S. T. angolensis
showed similar growth parameters to T. Wlippovae oV
Tasmania with a life cycle of around a year. Further-
more, both Todarodes species appear to grow faster in
cooler oceanic conditions. This was indicated by the
higher growth rates in T. Wlippovae in the winter and
autumn as well as higher growth rates for T. angolensis
during 1987 in the Benguela system. During 1987 the
Benguela system had lower than normal temperatures
with an intrusion of subantarctic water during that year
and also the highest catches for this species compared
to the previous decade.

Todarodes thus appears to be a species that favours
cooler oceanic conditions. This contrasts with the other
common ommastrephid in southern Australian waters
Nototodarus gouldi that had faster growth rates during
warmer water conditions (Jackson et al. 2003, 2005).
However, these squid do live in diVerent environments
with N. gouldi being more inshore over the continental

Fig. 5 The mean slope of the 
power law model Wtted to the 
log-transformed weight-at-
age data for female individu-
als of Todarodes Wlippovae 
grouped according to a hatch 
year and b hatch season
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shelf compared to T. Wlippovae which inhabits deeper
oVshore continental slope waters and seamounts. The
more usual strategy for squid is that warmer conditions
produce faster growth rates (e.g. HatWeld 2000; Jack-
son et al. 1997; Forsythe 1993, 2004). However, the
work on both these Todarodes species indicates that
sometimes species prefer cooler conditions for opti-
mum growth. This has been found with the small tropi-
cal loliginid squid Loliolus noctiluca (Jackson and
Moltschaniwskyj 2001) as well as with the California
market squid Loligo opalescens (Jackson and Domeier
2003) which favours cooler water periods with higher
productivity. Similarly, Ichii et al. (2004) also found

that the cooler autumn cohort of Ommastrephes bar-
tramii grew faster than the warmer winter–spring
cohort in the North PaciWc. This was also attributed to
the greater inXuence of food supply over temperature.
Forsythe (2004) highlighted that such studies show that
food can be an overriding factor inXuencing growth if
food is limited. This is displayed by the results of Jack-
son and Domeier (2003) that revealed high growth of
L. opalescens in cooler productive periods despite this
species showing the typical marked increase in growth
in warmer conditions in captivity (Vidal et al. 2002).
Thus speciWc squid species will likely be responding to
environmental conditions diVerently depending on
habit and physiological constraints. An understanding
of how a species responds to particular environmental
conditions may help forecast how certain species will
respond to environmental variability (Rodhouse 2001;
Agnew et al. 2002). This therefore necessitates a sound
understanding of their plasticity and how a speciWc
squid species responds to changing oceanographic pro-
cesses (Anderson and Rodhouse 2001).

The inter-annual variability in growth rates with
substantially faster growth in squid hatched in 2001
compared to the following 2 years was also found to be
the case in the spatial and temporal growth study of
N. gouldi in Australia (Jackson et al. 2003) where the
2000/2001 hatched squid revealed faster growth rates
across southern Australia compared to the previous
year 1999/2000. These trends might represent diVer-
ences in productivity and food availability in relation to
oceanographic conditions. Considerable trends in body
size and growth rate were also found in the inshore
temperate loliginids Sepioteuthis australis over 5 years
(Pecl et al. 2004) and particularly in L. opalescens
tracked through El Niño and La Niña events (Jackson
and Domeier 2003). Thus, interannual plasticity in the
growth dynamics of squid, driven by environmental
variability, appears to be a common phenomenon as
we begin to collect longer time series of squid growth.

The factors responsible for the faster growth in the
2001 cohort in this study are currently unknown. How-
ever, these squid did hatch earlier (late April) com-
pared to the following 2 years where hatching peaked
in early June. Squid caught during this year also had
signiWcantly poorer somatic condition, gonad invest-
ment and lower gonad weights compared to the other
2 years (Jackson 2005). It is intriguing that even though
the squid were growing faster in this year, there was a
cost in reproductive and somatic condition. This sug-
gests that there was a trade-oV between growth and
condition. The reasons for this trade-oV are unclear but
are likely to be complex and due to inter-relationships
between temperature and food supply. It raises the

Fig. 6 The frequency distribution in maturity stages for Toda-
rodes Wlippovae a females and b males for each capture season for
the 3 years (2002–2004) of the study period

Females

Maturity Stage

Maturity Stage

F
re

qu
en

cy

0

10
20
30

40
Sum 02

1 2 3 4 5

1 2 3 4 5 1 2 3 4 5

Aut 02 Win 02

Sum 03

Sum 04

Aut 03

Aut 04

Win 03

Win 04
0
10
20
30

40

0
10

20
30
40

A 

Males

F
re

qu
en

cy

0
2
4
6
8

10
Sum 02

Sum 03

Sum 04

3 4 5

Aut 02

Aut 03

Aut 04

Win 02

Win 03 

0
2
4
6
8
10

3 4 5
0
2
4
6
8

10

B 
123



582 Mar Biol (2007) 150:575–584
question as to whether growing fast is necessarily a
good thing? Accelerated growth rates may be a strat-
egy to speed individuals through unfavourable condi-
tions, whereas when conditions are good it might be
advantageous to grow slower, increase body condition
and invest in greater reproductive output.

The life cycle of T. Wlippovae appears to favour tim-
ing of spawning to produce hatchlings during late
autumn and early winter. However, due to sampling
constraints (i.e., few squid obtained between August
and September), these peaks may be biased due to the
restricted periods when adult squid were available as
bycatch from the deepwater Wshery. The consistent
presence of mature males compared to females suggests

that spawning probably occurs year-round in Tasma-
nian waters. Villanueva (1992) also found year-round
spawning for T. angolensis oV Namibia. However, his
data also suggested peak spawning times in late autumn
and early winter in some years. Winter samples of
T. Wlippovae from the east coast of Tasmania were
always mature suggesting that this may be a spawning
region for this species in the winter (Jackson 2005).
Dunning (1993) suggested a summer spawning period
for T. Wlippovae, with a possible spawning ground near
the northern boundary of its distribution. It is likely that
spawning takes place across a broad geographic region.
Currently we still have little knowledge as to whether
T. Wlippovae undertakes any extensive migrations and

Fig. 7 The distribution of a weights, b mantle lengths, c gonad
weights (ovary + oviduct) and d ages for mature female individu-
als of Todarodes Wlippovae for each season of capture for the
study period 2002–2004. The dark horizontal line represents the

median while the upper and lower boxes display the 75th and 25th
percentiles, respectively. The dashed lines represent the range
without outliers, while the dots indicate outliers
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we don’t understand the genetics of their population
structure. Recent work by Dillane et al. (2005) found
considerable population separation in Todaropsis ebl-
anae in the East Atlantic and Mediterranean. It would
be useful to obtain information on the genetic structure
of east Australian populations, which would provide
some information of movement in the Tasman Sea
region. It would also be of interest to investigate further
the winter spawning populations oV the east coast of
Tasmania. These squid had consistently smaller body
size although not signiWcantly smaller gonad weights.
Thus, it is of interest as to whether these winter squid
are smaller morphs (e.g. Jackson et al. 2003) associated
with a diVerent water mass (i.e. the East Australian
Current) or whether there is no genetic separation and
these specimens are simply controlled by phenotypic
environmental constraints on body size. Future study
incorporating greater sampling of T. Wlippovae as well
as genetic analyses would help in answering these popu-
lation ecology questions.
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