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Fig. 1 Antarctic Peninsula and Sea Ice study area

BS: Bransfield Strait; BSW: the western side of Bransfield
Strait; BSE: the easterh side of Bransfield Strait; BSS: the
southern side of Bransfield Strait; SACCF: South Antarctic
Circumpolar Current Front; SB: Southern Boundary of Antarctic
Circumpolar Current; PF: Polar Front; NB: Northern Boundary
of Antarctic Circumpolar Current; SAF: Subantarctic Front;
MinSIE is the minimum extent of sea-ice between 1979-2001;
MaxSIE is the maximum extent of sea-ice; red circle: locations

of sampling stations; the red box indicates the area used to
calculate sea ice area.
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Fig. 2 The modelling results of GAM on recruitment index of Euphausia superba

BS_1 winter, BS 0d, BS 30d, BS 60 d, and BS_ 90 d represent the sea ice area in the Bransfield Strait during the previous winter, at
the sampling day, 30, 60, and 90 days before the sampling, respectively; BSE 0 d represents the sea ice area on the eastern side of the
Bransfield Strait at the sampling day; BSW_0 d represents the sea ice area on the western side of the Bransfield Strait during the
sampling day; BSS_30 d, BSS_60 d, and BSS_90 d indicate the sea ice area on the southern side of the Bransfield Strait at 30, 60, and
90 days before the sampling day, respectively; SAM 0 d, SAM 30 d, SAM_60 d, SAM 90 d represent the SAM index on the
sampling day, 30 days, 60 days, and 90 days before sampling; depthl represents the depth of the seafloor; depth2 represents the
complexity of the seafloor.
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Fig. 3 The modelling results of GAM on average length of larval Euphausia superba

BS 1 winter, BS 0d, BS 30d, BS 60 d, and BS 90 d represent the sea ice area in the Bransfield Strait during the previous winter, at
the sampling day, 30, 60, and 90 days before the sampling, respectively; BSE 0 d represents the sea ice area on the eastern side of the
Bransfield Strait at the sampling day; BSW_0 d represents the sea ice area on the western side of the Bransfield Strait during the
sampling day; BSS 30 d, BSS 60 d, and BSS 90 d indicate the sea ice area on the southern side of the Bransfield Strait at 30, 60, and
90 days before the sampling day, respectively; SAM 0 d, SAM 30 d, SAM_60 d, SAM 90 d represent the SAM index on the

sampling day, 30 days, 60 days, and 90 days before sampling; depthl represents the depth of the seafloor; depth2 represents the
complexity of the seafloor.
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Fig.4 The modelling results of GAM on average length of male Euphausia superba

BS_1 winter, BS 0d, BS 30d, BS 60 d, and BS_ 90 d represent the sea ice area in the Bransfield Strait during the previous winter, at
the sampling day, 30, 60, and 90 days before the sampling, respectively; BSE 0 d represents the sea ice area on the eastern side of the
Bransfield Strait at the sampling day; BSW_0 d represents the sea ice area on the western side of the Bransfield Strait during the
sampling day; BSS 30 d, BSS_60 d, and BSS_90 d indicate the sea ice area on the southern side of the Bransfield Strait at 30, 60, and
90 days before the sampling day, respectively; SAM 0 d, SAM 30 d, SAM_60 d, SAM 90 d represent the SAM index on the
sampling day, 30 days, 60 days, and 90 days before sampling; depthl represents the depth of the seafloor; depth2 represents the
complexity of the seafloor.
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the sampling day, 30, 60, and 90 days before the sampling, respectively; BSE 0 d represents the sea ice area on the eastern side of the
Bransfield Strait at the sampling day; BSW_0 d represents the sea ice area on the western side of the Bransfield Strait during the
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sampling day, 30 days, 60 days, and 90 days before sampling; depthl represents the depth of the seafloor; depth2 represents the
complexity of the seafloor.
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the sampling day, 30, 60, and 90 days before the sampling, respectively; BSE 0 d represents the sea ice area on the eastern side of the
Bransfield Strait at the sampling day; BSW_0 d represents the sea ice area on the western side of the Bransfield Strait during the
sampling day; BSS_30 d, BSS_60 d, and BSS_90 d indicate the sea ice area on the southern side of the Bransfield Strait at 30, 60, and
90 days before the sampling day, respectively; SAM 0 d, SAM 30 d, SAM_60 d, SAM_90 d represent the SAM index on the
sampling day, 30 days, 60 days, and 90 days before sampling; depthl represents the depth of the seafloor; depth2 represents the
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Effects of sea ice and Southern Annular Mode on the length-based
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Abstract: Antarctic krill (Euphausia superba) is a keystone species in the Southern Ocean ecosystem, and its
physiological processes across all life history stages are closely related to sea ice dynamics. The rapid warming of
the Antarctic Peninsula and the southward shift in krill distribution range have garnered attention regarding the
response of Antarctic krill to sea ice dynamics. The population structure of the Antarctic krill affects the Southern
Ocean ecosystem at multiple trophic levels. Achieving a thorough understanding of the Antarctic krill population
structure necessitates additional understanding of the replenishment, growth, and reproduction of this species. In
this study, we used an open-access database to calculate five indices that reflect the population structure of
Antarctic krill in the Bransfield Strait, that is, recruitment index, average length of larval, female, and male
individuals in the population, and the ratio of females in the population, and developed a generalized additive
model to analyze the effects of sea ice area within the Bransfield Strait and the other three areas adjacent to the
Bransfield Strait, water depth, seafloor complexity, and daily index of the southern annular mode (SAM) on krill
population dynamics. Since changes in sea ice and SAM have delayed impacts on Antarctic krill, this study
proposes lag times of 0, 30, 60, and 90 d for both sea ice dynamics in the four areas and SAM. The results indicate
that the increased sea ice area in the Bransfield Strait in the winter of the previous year promoted an increase in the
recruitment index. Furthermore, aside from the sea ice area in the Strait, the Weddell Sea predominantly
influenced the average lengths of juvenile and male Antarctic krill in the Bransfield Strait. The impact of sea ice
area may be due to the fact that the Antarctic krill population in Bransfield Strait originates from the northwest
Weddell Sea. The average length of male krill and krill juveniles exhibited a significant negative correlation with
the sea ice area in the northwest Weddell Sea 60 d prior. This demonstrates the complexity of the influence of sea
ice on average Antarctic krill length. The correlation between the Antarctic krill recruitment index and SAM was
significantly positive on both the current day and 60 d prior. This finding contradicts previous studies that
suggested that the positive effect of SAM was detrimental to Antarctic krill juvenile survival and resulted in a
reduced density of Antarctic krill juveniles. This may be because positive SAM enhances upwelling and increases
productivity, providing more food for juvenile Antarctic krill, leading to an increase in the recruitment index.
Another possibility is that the effect of SAM on krill is regionally variable. As seafloor complexity increased, the
Antarctic krill recruitment index decreased significantly. This may be because complex water depths imply a
complex hydrological environment that is not conducive to the survival of Antarctic krill with poor swimming
abilities. The influence of sea ice and circulation in the northwest Weddell Sea on Antarctic krill in the Bransfield
Strait and the complex relationship between Antarctic krill and SAM require further study to better understand the
effects of sea ice changes on Antarctic krill in the local and surrounding waters of the Bransfield Strait and its
response to climate change.
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