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son and Campana, 1992), much of
the work with statolith ageing and
validation is still preliminary in
nature. However, evidence does
support daily periodicity in statolith increment production in
many species (Jackson, 1994) although there is an ongoing need for
further validation and ageing studies. Because age and population
information is already available for
Loligo chinensis 1 (Jackson, 1990b,
1993; Jackson and Choat, 1992),
this study was undertaken to see if
seasonal differences in growth rate
are reflected in statolith-size:bodysize relationships in this tropical
nearshore squid.

Materials and methods
Information is currently accumulating on age, growth, and maturity rates of squids, with a number
of studies focusing on tropical and
warm water species (eg. Jackson,
1990, a and b; Arkhipkin and Mikheev, 1992; Bigelow, 1992; Jackson
and Choat, 1992; Arkhipkin and
Nekludova, 1993; Jackson, 1993;
Laptikhovsky et aI., 1993; Young
and Mangold, 1994; see also Jackson, 1994, for review). The interpretation of growth phenomena in
squids is complicated owing to the
high degree oftemperature dependency in growth (O'Dor and Wells,
1987; Forsythe and Hanlon, 1989).
Moreover, growth is highly variable
even within particular temperature
regimes (Lipinski, 1986; Natsukari
et aI., 1988). The use of validated
daily increments in statoliths is a
convincing tool for determining
both the rate ofgrowth and its variance. However, there is also the potential that temperature-induced
variation in growth rates might be
reflected in statolith growth rates.
Recent work on the uncoupling
between otolith size and fish size
(see Campana and Jones, 1992) has
indicated that individual variation
in growth rates can have profound
effects on soma-otolith relation749

ships. While such features make
analysis such as back calculation of Individuals of £Oligo chinensis were
individual size less than straight- captured by using paired otter
forward (Campana, 1990), they do trawls (each net consisted of an 11provide a mechanism for detecting m gape and 3.8-cm mesh). Trawls
past growth histories (or perhaps were towed for approximately 20
even past environmental histories) minutes at a speed of 2-2.5 knots.
to which a fish has been exposed. Samples were taken in Cleveland
For example, if two similar-sized Bay 09°15'S,146°50'E) in water
fish of the same species show con- <20 m deep off Townsville, North
siderable disparity in otolith size, Queensland. Statoliths were obit suggests that the individual with tained from squid caught during
the larger otolith has grown slower two seasonal periods, 12 January
(e.g. Reznick et aI., 1989; Wright et 1989 (austral summer, n=35) and
aI., 1990). Lipinski et al. (1993) 13 July 1989 (austral winter, n=33).
have also documented substantial Squid were preserved in 10% buffuncoupling in squid statolith growth
and in growth of the mantle in
Todaropsis eblanae and Todarodes 1 It is now known that the species Loligo
angolensis off southern Africa.
chinensis which is found in shallow tropical waters ofT North Queensland is a disStatolith increments are protinct species from L. chinensis which is
duced daily in Loligo chinensis
found elsewhere in the tropical Indo-Pa(Jackson, 1990b) as well as in other
cific. J. Yeatman. 1993. James Cook
Univ. of North Queensland. Personal
loliginid squids such as Alloteuthis
commun. Furthermore, al'l Loligo species
subulata (Lipinski, 1986), Loligo
in Australian waters will probably be reopalescens (Yang et aI., 1986),
ferred to as Photololigo in the future. Until this is resolved, I have referred to the
Loliolus noctiluca (Jackson, 1990b),
species of this study as Loligo chinen sis
and Sepioteuthis lessoniana (Jackwhich is the same species referred to as
son, 1990a; Jackson et aI., 1993).
Photololigo cf. chinensis {east coast form)
in Dunning et al. (1994) and Photololigo
However, compared with fish
sp. 3 in Yeatman and Benzie (1994).
otolith analysis in which there is a
substantial number of ageing and
increment validation studies (e.g. Manuscript accepted 19 June 1995.
Campana and Neilson, 1985; Steven- Fishery Bulletin 93:749-752 (19951.
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ered seawater formalin and subsequently transferred
to 70% ethanol. Mantle length (ML) measurements
(nearest mm) were taken on the preserved individuals. Statoliths were removed shortly after preservation and mounted in Crystal Bond thermoplastic cement.
Total increment number was determined (with a
camera lucida attached to an Olympus BH compound
microscope) as the mean of three consecutive counts
that differed less than 10% from the mean (see also
Jackson and Choat, 1992; Jackson, 1993). Statolith
length (to the nearest 10 J,l.m) was measured with an
eyepiece micrometer (with an Olympus BH compound microscope) along the longest axis from the
dorsal dome to the tip of the rostrum.

Results
For the summer population, the relationship between
statolith length and mantle length as well as statolith length and age was curvilinear. However, both
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relationships were linear for the winter population
(Fig. 1; Table 1). Because all relationships were not
linear, an analysis ofcovariance could not be applied
to these data sets. However, a paired t-test was used
to compare statolith lengths of similar-sized males
and females (mantle lengths between 90 and 110 mm,
n=24) from both January (summer) and July (winter). Squid statoliths from the July sample were significantly longer than statoliths from the January
sample (P<0.05).
The relationship between statolith length and
mantle length (Fig. 1A) suggested that somatic
growth was greater than statolith growth as size increases (i.e. in larger squids the mantle was increasing in length faster than was the statolith). Moreover, in general, for any given length, a winter squid
had larger statoliths than its summer counterpart.
There were also considerable seasonal differences
in the growth ofthe statolith with age (Fig. lB). There
was a rapid increase in statolith length in summer
over a relatively short period from 60 to 100 days. In
contrast, statolith growth was much slower in the
winter; the statolith gradually increased in length
from 80 to 170 days. However, statoliths eventually
reached a greater length in the older, winter-population squids. This feature was a factor of age because winter squids were not longer than summer
squids. In comparing similar-aged squids between
seasons, for any given age, a summer squid generally
had a larger statolith than its winter counterpart.
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Figure 1
The relationship between (Al statolith length and mantle
length and (B) statolith length and age for summer (Januaryl and winter (July) samples of Loligo chinensis.

Current research on fish somatic-otolith growth relationships provides a background for the possible
mechanisms underlying somatic-statolith growth
relationships for L. chinensis. The relationship between both statolith length and mantle length and
statolith length and age shows striking similarities
to otolith length versus fish length and age studies.
Mosegaard et al. (1988), Secor and Dean (1989),
Reznick et al. (1989), Wright et aU 1990), and Mugiya
and Tanaka (1992) have shown that slower-growing
fish have larger otoliths than similar-sized, fastergrowing fish. Furthermore, for striped bass, Marone
saxatilis, and Atlantic salmon, Salmo salar, slowergrowing fish have larger otoliths at any given size, although faster-growing fish have larger otoliths at any
given age (Secor and Dean, 1989; Wright et aI., 1990).
A similar relationship is evident between statolith
length and both mantle length and age for L. chinensis.
These teleost studies provide insights into the
gt'owth dynamics of squid. The slower growing individuals of L. chinensis (winter population) had larger
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Table 1
Regression equations for the relationship between mantle length and statolith
length and for age and statolith length for individuals of Loligo chinensis
collected in both summer and winter. ML = mantle length. All regressions
were highly significant (}lSO.OOll.
Season

Relationship

n

Summer
Summer
Winter
Winter

ML
Age
ML
Age

38
38
33
33

vs.
vs.
vs.
vs.

statolith length
statolith length
statolith length
statolith length

oftwo organisms that are biologically
very different but nevertheless show
many similarities.
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statoliths because they were in reality much older
than similar-sized, faster-growing squids (summer
population). Alternatively, when statolith length and
individual age were compared, faster-growing squids
had larger statoliths than slower-growing squids for
a given age because the individual itself was considerably larger (e.g. in the summer, squids were reaching adult sizes at around 80 days whereas in the
winter, 80-day squid were still juveniles).
Morris and Aldrich (1985) have suggested that statolith length may be a better indicator of squid age
than increment number because they observed less
variation in the mantle length:statolith length relationship than in the mantle length:age relationship
in Illex illecebrosus. However, the seasonal difference
in the relationship between the statolith and the
soma of L. chinensis suggests that this technique
should be used cautiously until further research into
temperature effects is conducted (see also Campana,
1990; Lipinski et aI., 1993). On the basis of laboratory observations, Forsythe and Hanlon (1989) and
Forsythe (1993) have suggested that even fairly small
variations in ambient temperature can have a
marked effect on somatic growth rates. Temperature
has also been shown to be an important influence on
growth rates of Sepia australis in the field (Roeleveld
et aI., 1993). This preliminary study with L. chinensis
suggests that temperature variation will not only
greatly influence somatic growth but statolith growth
as well. The uncoupling of statolith growth and somatic growth in squid is certainly an area that deserves further research (see Lipinski et aI., 1993).
Statoliths are structures which have accentuated
both the differences and similarities between cephalopods and fish. The increment structure and the
growth ofthe statolith in relation to the squid soma
are remarkably similar to that of the otolith in fish.
In contrast, the enumeration of growth increments
in both otoliths and statoliths have accentuated very
different growth strategies and life histories (e.g.
Jackson and Choat, 1992; Alford and Jackson, 1993)

0.84
0.63
0.91
0.67
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