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Abstract: Laboratory observations over a 6-year period were made on the
intermoult period (IP), changes in body length (BL) and maturity of 3 female and
3 male krill brought from Antarctic water to Australia. While the I P was stable
over the period (range of individual means; 25.6-29.6 days), both BL and maturity
changed greatly from one specimen to the next. Reversible modes shown in BL
and maturity suggest that neither parameter is a good indicator of chronological
age in this animal. Considering the age of krill at the beginning of this experiment (least 1-2 year old) krill lived for 7-8 years, which is considerably longer than
the previously hypothesized 2-5 year life span of this animal.

1. Introduction
Controversy surrounds the growth and longevity of the Antarctic krill (Euphausia
superba DANA). Modal size analysis of samples collected from Antarctic waters
suggested a 2-year (R UUD, 1932; BARGMANN, 1945; M ARR, 1962; MACKINTOSH, 1972)
or 4-year (IVANOV, 1970) life cycle of this animal, depending on the number of peaks
that appeared on the size frequency histogram. Recent computer analysis of the distribution mixtures of size frequency data identified up to 5-year old krill (SIEGEL,
1986). As noted by MAUCHLINE (1980), conclusions drawn from these size frequency
analysis are subject to possible error due to the difficulty in ensuring that samples are
taken from the same discrete krill population. To resolve this problem, MACKINTOSH
(1972) proposed the need to rear krill under controlled experimental conditions to
determine their growth rate.
Despite a long study history of krill dating back to the 1930's, experimental work
on live krill began quite recently. Pioneer work made on board the ELTANINby
MCWHINNIE
and MARCINIAK (1964) indicated extreme difficulty in keeping this animal
alive for prolonged period in captivity. Following studies at the Antarctic stations
(U.S. Palmer, South Georgia) however suggested that prolonged maintenance of krill
in the laboratory was feasible (MACKINTOSH, 1967; CLARKE, 1976; MCWHINNIE
et al.,
1979).
M URANO et al. (1979) was the first in successfully transport live krill outside Antarctic to enable continuation of long observation of growth and moulting of this
animal. We adopted the same approach of remote transportion of live krill from
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Antarctic waters to Australia (IKEDA et al., 1980). Preliminary results on intermoult
period, growth and maturity of krill maintained in captivity for 3 years in Australia
were reported elsewhere (IKEDA et al., 1985). Reported here are the results gained
from the extension of this experiment (IKEDA et al., 1985) to a 6-year period.

2. Materials and ~ e t h o d s
Krill were collected during KAIYOMARU cruise to a n area off Wilkes Land, Antarctica, in January 1980, and transported to a laboratory coldroom in Australia.
Transportation procedures are detailed in IKEDA et al. (1980). Specimens (body
length; 25 to 47 mm) were maintained individually (although some were paired male
and female in the course of the experiment) in 1-4 litre glass bottles. Only 4 litre
bottles were used after 1982.
Various food types (diatoms, frozen copepods, Tetra Marin) were used at the
beginning of this experiment (1980 through 1982), but after 1982, the pennate diatom
Phaeodactylum tricornutum (20 pm cell size) cultured in F-2 media at 10Â° was used
as the staple food at a concentration of lo5-lo6cells ml-I (equivalent to 1-10 pg carbon
ml-I). The maximum phytoplankton concentration which krill encounter in the
field is 0.5 pg carbon ml-I (cf. IKEDA, 1985) which is a half the minimum food concentration employed in this study. Seawater (ca. 34%0)was changed weekly (twice weekly
for paired individuals) at which the fresh food was provided (IKEDAand DIXON, 1982).
Bottles were placed on a bench or on a roller system, both installed in a coldroom
maintained at -0.5 to O.OÂ°C In Prydz Bay, Antarctica, where the krill were collected,
annual water temperature variation rarely exceeds the range of -2.0 to 1.5OC. The
experiment was run under subdued light (<0.6 W mV2)or complete darkness. Bottles
were examined daily for the presence of moults, from which intermoult period (IP)
was determined. Collected moults were preserved in a buffered formalin-seawater
for later measurement of the uropod exopodite length (UL) and the determination of
maturity stages. Maturity of each individual was assessed from the morphology of
the secondary sexual characters (petasma for males, thelycum for females) using
MAKAROV and DENYS'S(1980) system. From the UL, body length (BL, from the
tip of the rostrum to the distal end of the telson) was estimated using the equation
BL=2.65+7.36UL (IKEDA and DIXON, 1982).

3. Results and Discussion
Of the 22 specimens initially selected in early 1980, 6 specimens (3 males, 3 females)
survived through to 1986. This maintenance period of 6 years is considerably longer
than any other previous study. Previous studies were of one year duration (McWHINNIE et al., 1979; MURANO et al., 1979).
Prior to the present analysis, data obtained under different conditions from those
specified in "Materials and methods" were omitted., i.e. data collected during periods
of no food (specimen S-S2) in 1980, and higher temperature (2OC) in 1980-early 1982
(specimen H-MI) were omitted.
IP observed on these 6 specimens was rather stable over 6 years (Figs. la, lb),
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Fig. la. Changes in intermoult period (ZP, days) over a 6-year period of 3 female krill. Open
circle of S-S2 and solid triangle of H-MI indicate data during aperiod of starvation and
higher experimental temperature, respectively. Both these data are therefore omitted
in Table 1. Horizontal hatched lines denote overall mean ZP of each specimen. Meshed
rectangles indicate the period when the maximum growth was seen (cf. Fig. 2a).
Table 1. Summary data of intermoult period (ZP), change in body length (BL), the maximum
growth rates in BL seen during the experiment, and correlation coefficient between IP
and BL.

BL (mm)

IP (days)
Specimen
Females-S2
P-S2
H-M1
Male P-L3

F-L1
No. 1

N X (*1 SD)

Initial

Final

Max

Min

8125.6(5.8)
80 27.7(4.4)
54 29.0(3.0)
75 29.6(2.9)
74 28.2 (2.5)
60 29.2(4.0)

28.9
26.9
36.8
47.5
46.8
34.4

38.9
45.5
42.4
47.3
42.7
40.9

45.5
48.5
45.5
48.2
48.5
45.5

24.4
24.7
33.9
39.4
40.7
34.4

Max
Correlation
growth
coefficient
IP vs. BL level)
(- rate
day-l)(significance
0.053
0.180(NS)
0.070 -0.125(NS)
0.037 -0.071 (NS)
0.033
0.118 (NS)
0.031
0.363 (p<0.01)
0.033
0.280(p<0.05)

and individual means ranged 25.6-29.0 days in females and 28.2-29.6 days in males.
The regression analyses revealed that variations in IP were little correlated with those
of BL in each specimen (Table 1). The general range of IPS obtained in this study
is similar to those of IKEDA and D IXON (1982), IKEDA et al. (1985) and MAIHARA
and
ENDO(1986), but much longer than those of MACKINTOSH (1967) (13.5 days), MURANO
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Fig. Ib. Changes in intermould period (ZP, days) over a 6-year period of 3 male krill. For the
specimen No. 1, data are available from late 1981. Horizontal hatched lines denote overall mean 1P of each specimen. Meshed rectangles indicate the period when the maximum
growth was seen (cf. Fig. 2b).

et al. (1979) (20.9 days), POLECK and DENYS (1982) (12.5-20.1 days) and MORRIS and
KECK(1984) (14.3 days). IKEDA et al. (1985) discussed the possible cause(s) of this
inconsistent result between workers, and concluded that differences in specimen body
size, experimental conditions such as temperature, food or light can not be considered
alone to be the major cause. Due to the diverse experimental design between workers
and our present lack of knowledge about the effect of each different condition on IP,
direct comparison of IP between studies is not possible.
In juvenile western rock lobsters (Panulirus longipes), isolation of individuals
caused the extension of IP (CHITTLEBOROUGH, 1975). In our experiment, the male
P-L3 and female P-S2 were paired since July 1983. IP of P-L3 before and after pairing
remained unchanged (29.4&3.2 days vs. 29.9&- 1.6 days, t=0.80, df= 73, p>0.4),
and the same is true for the IP of P-S2 (27.3k5.5 days vs. 28.0&2.8 days, t=0.70,
df=78, p>0.4). Thus, this effect is not obvious in krill.
In contrast with IP, the BL of these 6 specimens varied greatly from one specimen
to the next, with each specimen showing phases of shrinkage and growth. The
maximum BL reached during the 6-year period was 45.5-48.5 mm in females and
45.5-48.5 mm in males (Table 1). Progression and regression of maturity accompanied with the increase and decrease in BL, respectively, but this pattern became
obscure after 1984 (see 1984-1985 data of S-S2, 1985 data of P-L3, Fig. 2a, 2b). The
maximum growth rate range seen in the course of this experiment (0.033-0.070 mm
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Fig. 2a. Changes in body length (BL, mm) and maturity stage over a 6-year period of 3 female
krill. Open circles; juvenile stage, half-solid circles; sub-adult stage, solid circles;
adult stage as determined from the morphology of the thelycum. Meshed rectangles
indicate the period when the maximum growth was seen, crosses, the death of specimens.

day-l) overlaps with the maximum rate observed by MURANO et al. (1979) (0.051 mm
day-I) and MAIHARA and ENDO(1986) (0.053 mm day-I), and is similar to the range
reported by POLECK and DENYS (1982) (0.037-0.068 mm day-I).
Overall results obtained in this study indicate a complex nature of growth and
maturation in krill. While their IP was rather stable under the present experimental
conditions, both BL and maturity were not. The ability of adult krill to regress to
the immature form was reported by MCWHINNIE
et al. (1979) and POLECK and DENYS
(1982). Maturity regression and progression is often accompanied with BL reduction
and increment respectively (IKEDA et al., 1985; THOMAS and IKEDA, 1987), however
this is not always the case as mentioned earlier. The reversible growth and maturation modes seen in this species suggest that neither BL nor maturity stage is a good
indicator of chronological age of juvenile and adult krill.
From the BL, the age of krill used in this experiment was estimated to be at least
1-2 years old at the beginning of this experiment. Then, the minimum age of these
animals reached at the completion of this experiment in 1986 is 7-8 years old. This
observed >7-8 year life span of krill is considerably longer than any previous estimates
based on field samples (2-6 year life span), but supports the hypothetical longevity of
7.5-11.3 years proposed by IKEDA (1985). It can be argued, however, that since temperature, light and food supply were maintained at constant levels during this experi-
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Fig. 2b. Changes in body length (BL, mm) and maturity stage over a 6-year period of 3 male krill.
Open circles; sub-adult A stage, half-solid circles; sub-adult B-C stages, solid circles;
adult stage as determined from the morphology of the petasma. Meshed rectangles
indicate the duration when the maximum growth was seen, crosses, the death of specimens.

ment, the extrapolation of the present results to naturally living krill population requires caution. However, because of the difficulties associated in tracing the same
discrete population of krill for years in the field, the evaluation of our conclusion of
an extremely long life cycle of krill must await the refinement of age pigment technique
which is recently developed (ETTERSHANK, 1984; NICOL, 1987).
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