Growth and shrinkage is sex-dependent
in Antarctic krill
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A number of taxa can shrink

Degrowth is a common trait in taxa with indeterminate growth
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Degrowth is constrained in vertebrates and arthropods
....with a few exceptions

Marine Iguana - larger individuals decreased in body length during ENSO years
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Crustaceans — must moult in order to grow

Seasonal or infrequent moulting
e.g. crabs and lobsters

Terminal moult
e.g. copepods
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Decrease in body length at moult is not widely observed



Body length

Euphausiids — moult continuously

Euphausia superba

Time (in weeks)



Laboratory evidence that starved krill shrink in body-length
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lkeda and Dixon (1982)

45% decrease in body mass, 7 mm decrease in body length over 211 days



Do krill shrink during winter in their natural environment?

Abyssal feeding by krill - could provide winter food banks
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Accurate age-structures are required
by fisheries yield models to regulate harvesting

Ecosystem-based fishery management model for the Southern Ocean
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Krillbase — spatially comprehensive database of
krill body-length frequency information since 1920s
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Net records

Krillbase sampling effort by month
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CCAMLR krill fishery observer programme
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Spatial coverage of Krillbase and CCAMLR data

SW Atlantic region
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Proportion (KRILLBASE)
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Therefore, individuals <35 mm body length were not considered



Body-length frequency trajectories
differed seasonally between sexes

Frequency

1400 |
- Early summer
1200 | e e (Oct to Dec)
1000 A
e o/‘: N\
800 | Te gy o %00 02
600 o
LN —e— Female
400 ’\.\. —e— Male
200 S,
0 S0-0-0-0-0-0-0-0
35 40 45 50 55 60 65
4000
LN Late summer
Y o N (Jan to Apr)
3000 VRN
o ./ \.
— @— o P \
2000 |/ N A\
%
o® A\
/‘ @
1000 o A\
P\S
AN
.\ N,
0 .\.E.;._'_.
35 40 45 (0] 55 60 65
6000
Overwinter
5000 s N (May to Sep)
4000 / N
— /. .‘.\ \
3000 &~ i b
o/./ X
2000 J e
./o/"'/ AN
1000 ‘ *e_
N\ .\
o O
0 ~0-0-0-0-0-0-0-0-0
35 40 45 50 55 60 65

Total body length (mm)



Sex-ratio of larger individuals was highly skewed
towards males during overwinter
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Is differential degrowth between sexes the only explanation?



Is immigration or emigration a factor?
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No sex-biased migration from one region to the next



Proportion of males

Is there a sex-bias in seasonal mortality?
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Overall sex-ratio is the same between seasons —
even in favour of females during overwinter



Different trajectories of growth between males and females
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Different trajectories of growth between males and females
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Different trajectories of growth between males and females
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Different trajectories of growth between males and females
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Different trajectories of growth between males and females
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Krill ovaries are large and regress over winter

Ov - ovary
>40% of wet body mass during summer

The seasonal regression of the ovary in females may result in a shrinkage of body-length



Conclusions

1. Krill shrink in body length in the natural environment
2. Shrinkage occurs in females but not males during overwinter

3. Shrinkage is more likely to be a function of the life-cycle
than a response to starvation

4. Different growth trajectories of male and female krill
must be factored into fishery-production and -management
models
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