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Table S1: Environmental predictors preparation 

 

A) List of all initial variables and their derived predictors, unit, original temporal and spatial resolution, and data 
source. 

Variable (#) Derived predictor Unit Temporal 
resolution 

Spatial 
resolution 

Source 

Bathymetry (6)  Depth 
 Slope 
 Aspect 
 Distance to coast 
 Distance to 500m isobath 
 Distance to 1000m isobath 

m / ° --- 30 arc-
seconds 

GEBCO (The General 
Bathymetric Chart of the 
Oceans; Weatherall et al., 
2015) 

Chlorophyll-a (2)  Summer mean 
 Summer standard deviation 

mg m-³ 8-day composite 
2002 – 2017 

4 km Sathyendranath et al. (2018) 

Sea surface height 
(SSH) (2) 

 Overall mean 
 Overall standard deviation 

m Daily 
1993 – 2017  

¼ degree  Copernicus 
(https://www.copernicus.eu) 

Speed (2)  Overall mean 
 Overall standard deviation 

m s-1 Daily 
1993 – 2017  

¼ degree  Copernicus 
(https://www.copernicus.eu) 

Temperature (25)  Climatological mean 
(seasonal & overall mean) 

 surface, 100, 200, 500, and 
1000m 

°C 1981 – 2010 ¼ degree  Locarnini et al. (2018) 

Salinity (25)  Climatological mean 
(seasonal & overall mean) 

 surface, 100, 200, 500, and 
1000m 

--- 1981 – 2010 ¼ degree  Zweng et al. (2018) 

Sea Ice 
Concentration 
(12) 

 Four custom seasons 
 mean & standard deviation 
 distance to the ice edge 

 
% 
m 

Daily 
2003–2010 and 
2013–2017 

6.25 km Spreen et al. (2008) 

 

 

B) List of 32 initially selected predictors based on data visualization and personal experience before excluding 
highly correlated predictors. The final list of predictors used to run the models is shown in Table 1 of the main 
text.  

Variable (#) Derived predictor 
Bathymetry (5)  Depth  Slope  Distance to coast 

 Distance to 500m isobath  Distance to 1000m isobath  
chlorophyll-a (2)  Summer mean  Summer SD  
sea surface height (SSH) (2)  Overall mean  Overall SD  
Speed (2)  Overall mean  Overall SD  
Temperature (6)  Surface – Summer 

 Surface – Winter 
 100m – Fall 
 100m – Spring 

 200m – Annual 
 500m – Annual 

Annual mean salinity (3)  Surface  100m  200m 
Sea Ice Concentration (12)  Mean SIC – S1 

 Mean SIC – S2 
 Mean SIC – S3 
 Mean SIC – S4 

 SD SIC – S1 
 SD SIC – S2 
 SD SIC – S3 
 SD SIC – S4 

 Distance to ice edge – S1 
 Distance to ice edge – S2 
 Distance to ice edge – S3 
 Distance to ice edge – S4 

 

  

https://www.copernicus.eu)
https://www.copernicus.eu)
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Table S2: The results of the cross-validated Maxent models. 

ModelAll represents models run using all occurrences, while ModelUnique represents models run after removing 
duplicated occurrences within each 10×10 km cell. Model parameters and testing AUC columns show the best 
combination of feature classes (where ‘L’ linear, ‘Q’ quadratic, ‘H’ hinge, and ‘P’ product transformation) and 
regularization multiplier as well as the mean ± standard deviation of the testing AUC on spatial-block cross-
validation. Block size represents the width of species- and model-specific spatial blocks. The number of occupied 
pixels represents the number of pixels (10×10 km) in the Southern Ocean with at least one sighting of each 
species. 

Species 
 ModelAll ModelUnique # 

occupied 
pixels model 

parameters 
Testing 
AUC 

block size 
(km) 

model 
parameters 

Testing 
AUC 

block size 
(km) 

Antarctic 
minke whale 

LQHP  0.5 0.85 ± 0.07 659.7 H  4 0.83 ± 0.06 640.4 11,798 

Antarctic 
blue whale 

LQHP  2 0.86 ± 0.13 1128.1 LQHP  1.5 0.84 ± 0.15 912.4 297 

Fin whale LQHP  1 0.8 ± 0.17 560.3 LQHP  0.5 0.79 ± 0.16 584.7 807 

Humpback 
whale 

LQHP  0.5 0.89 ± 0.07 472.5 LQHP  1 0.86 ± 0.05 390.2 2,812 
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Table S3: Summary of the comparison between this study’s results and like studies on Antarctic blue, fin, and humpback whales in the SO. 
Important predictors, as identified by this study, are shaded dark grey in the column header (> 5% permutation importance for the full models, 
in descending order). Cell colours represent the agreement between our study results and other studies: green, high agreement; orange, some 
disagreement; red, high disagreement. Empty cells represent situations when the given predictor was not tested. Results for Antarctic minke 
whale are shown in Table 2. 

Abbreviations used: SIC = sea ice concentration; SIE = sea ice edge; SSH = sea surface height; Chl-a = chlorophyll-a concentration; ✓ = 
similar results; ⊕ = positive relationship; ⊖ = negative relationship; imp. = importance; Dist. = distance; SD = standard deviation; Temp. = 
water temperature. 

 

Antarctic blue whale 

This study 
 
 

Other studies 

High importance (>5%) Low importance (<5%) 
SIC SD 
(34.7%) 

SIC mean 
(13.3%) 

Dist. to 
isobath 
(10.8%) 

Temp. 200m 
(7.5%) 

Depth 
(7.4%) 

Dist. to SIE 
(6.2%) 

Dist. to coast 
(5.6%) 

Chl-a 
(3.4%) 

SSH 
(2.9%) 

 ⊖ ⊖ ⊕ high at ~5000m high near SIE unclear ⊕ ⊕ 
Kasamatsu et al., 2000b    ⊖, high 

encounter rate 
at lower 

temperatures 

 high encounter 
rate near SIE 

   

Branch et al., 2007 
Kasamatsu, 1988 
Kasamatsu et al., 2000b 
Rankin et al., 2005 

     ✓    

Murase 2014     abundance peak at depth 
~4000m, with an 

additional peak near 0m 

    

Thomisch et al., 2016  ✓        
Shabangu et al., 2017  

 
  high suitability 

at ~0°C SST 
least suitability at around 

5000m 
 high imp. / peak 

suitability close to 
coast, then sharply 

declined until 
~1000 km 

high imp. / 
high suitability 

at low chl-a 

high imp. / ⊕, 
low suitability 

at SSH around –
1.5 m and high 

elsewhere 
Širović and Hildebrand 2011    ⊕ more suitable at high 

depths 
  non-significant 

relationship 
 

Širović et al., 2004  ✓    ✓    
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Fin whale 

This study 
 
 
 

Other studies 

High importance (>5%) Low importance (<5%) 
Dist. to SIE  

(20%) 
SIC SD  
(18.8%) 

mean SIC  
(15.5%) 

Dist. to coast  
(14.8%) 

SSH SD   
(8.8%) 

Water temp.  
(6%) 

chl-a 
(1.7%) 

Depth 
(1%) 

Slope 
(0.6%) 

moderate close 
or far from SIE 

unclear low at low 
SIC 

close or far from 
the coast 

⊖ ⊖, highest 
<1.5° 

unclear small peaks at ~ 
4500 and near 0m 

⊕ 

Kasamatsu 1988 
Kasamatsu et al., 2000b 

⊕; high encounter 
rate far from SIE 

    ⊕ with 
encounter rate 

   

Murase 2014       ⊕ with 
abundance 

three abundance 
peaks at depths of 

4500, 2200, and 0m 

 

Santora et al., 2014      ⊕ between SST 
and abundance 

  high at complex 
bathymetry 

Scheidat et al., 2011 ✓         
Širović et al. 2004 rarely reported 

near the SIE 
        

Williams et al., 2006    ⊕, with minimum 
intensity close to it 

   low intensity in 
depths <1000m 
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Humpback whale 

This study 
 
 
 

Other studies 

High importance (>5%) Low importance (<5%) 
SIC SD 
(24.3%) 

Dist. to SIE 
(24.1%) 

SIC mean 
(12%) 

Dist. to 
coast 

(9.9%) 

Dist. to 
isobath 
(7%) 

SSH SD 
(6%) 

SSH 
mean 

(4.8%) 

Temp. 
(3.6%) 

Speed 
(3%) 

Depth 
(2.3%) 

Chl-a 
(1.6%) 

slope 
(0.8%) 

salinity 
(0.3%) 

⊕ or 
unclear 

high close or 
far north of 

SIE 

⊖ very 
close or 
too far 

⊖ ⊕ ⊖ unclear weak ⊖ ⊖ unclear unclear unclear 

Andrews-Goff et al., 2018 high. Imp., 
lagged 

effect (2 
month) 

high. Imp. high. Imp., 
lagged effect 

(1 month) 

          

Bombosch et al., 2014  ice-free areas 
and follows 

sea ice retreat 

           

Dalla Rosa et al., 2008    ✓          
Friedlaender et al., 2011  highest 

suitability 
close to SIE 

       imp. 
predictor 

 imp. 
predictor, 

prefers 
rugged 

topography 

 

Kasamatsu et al., 2000b        no 
relationship 
with SST 

     

Murase 2014       two 
peaks at 
moderate 
and high 

SSH 

  ⊖, but 
with 

small dip 
around 
4,200m 

⊖  ⊖ 

Nowacek et al., 2011    ✓          
Owen et al. 2019   ✓      ⊕, imp. 

predictor 
  ⊖, imp. 

predictor 
imp. 

predictor 
 

Riekkola et al., 2019  Lagged effect 
(1 month) 

    ✓  low imp.     

Schall et al. 2020   weak 
correlation 

          

Thiele et al., 2004  highest 
suitability 

close to SIE 

 ✓          

Van Opzeeland et al., 2013   acoustic 
presences at 

high SIC 
(>90%) 

✓          
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Results of the Antarctic minke whale (Figures S1-5) 

 
Figure S1: Mean and coefficient of variation of the predicted habitat suitability of the Antarctic minke whale on cross-validation. The top left map 
shows occurrences used to train the models. The coefficient of variation was calculated as the ratio between standard deviation and mean cross-validated 
habitat suitability. 



7 
 

 
Figure S2: Temporal distribution of available occurrences for the Antarctic minke whale. The histogram shows the number of occurrences within each 
ten-year bin. The red vertical line differentiates occurrences excluded (before 1980) or included (after 1980) in the analysis. The right plot shows the 
number of occurrences after 1980 on each calendar day. The majority of occurrences was collected during summer months (particularly in January and 
February). 
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Figure S3: Results for Maxent’s jackknifing test for ModelAll (left) and ModelUnique (right) for the Antarctic minke whale. Red bars represent the cross-
validated mean regularized training gain (a measure of goodness-of-fit) for sub-models calibrated using all predictors except the respective predictor. In 
contrast, blue bars represent complementary results for models calibrated only with the respective predictor. Error bars represent the standard deviation 
of the regularized training gain on cross-validation. Grey points show results for the full model, calibrated with no cross-validation. For more information 
on predictor abbreviations, see Table 1.  
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Figure S4: Marginal response curves for the Antarctic minke whale models. Response curves describe the cloglog prediction changes as each 
environmental predictor changes, with keeping all other predictors at their average value at training presences. As these response curves are sensitive to 
the fixed value of other predictors, we also provide the predicted values in the environmental space of the most important three predictors (see Figure 
S5). Solid blue lines and dashed area represent the mean and standard deviation of the cross-validated response curve of ModelAll, while the red line and 
dashed area represents ModelUnique. PI represents the permutation importance of the predictor, with predictors with more than 5% permutation importance 
shown in a larger font. To make it easy to understand, transformed predictors (distance to 1000m isobath, slope, mean summer chlorophyll, annual 
variability of sea surface height, and annual mean speed) were also back-transformed for visualization. The top green rug shows values at species 
occurrences; similarly, the bottom rung shows values south of the Polar Front.  
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Figure S5: Mean habitat suitability of the Antarctic minke whale in the environmental space of the three most important environmental predictors. The 
first row shows combinations at species occurrences, while the second and third rows show predictions from ModelAll and ModelUnique, respectively. In 
each plot in the second and third row, mean habitat suitability at each respective combination was averaged over all available combinations of other 
predictors. White areas represent no available environmental combinations in the data. Colours range from blue (low prediction) to red (high prediction). 
For more information on the predictors acronyms used, see Table 1.  
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Results of the Antarctic blue whale (Figures S6-10) 

 
Figure S6: Mean and coefficient of variation of the predicted habitat suitability of the Antarctic blue whale on cross-validation. The top left map shows 
occurrences used to train the models. The coefficient of variation was calculated as the ratio between standard deviation and mean cross-validated habitat 
suitability.  
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Figure S7: The temporal distribution of available occurrences for the Antarctic blue whale. The histogram shows the number of occurrences within 
each ten-year bin. The red vertical line differentiates occurrences excluded (before 1980) or included (after 1980) in the analysis. The right plot shows 
the number of occurrences after 1980 on each calendar day. The majority of occurrences was collected during summer months (particularly in January 
and February).  
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Figure S8: Results for Maxent’s jackknifing test for ModelAll (left) and ModelUnique (right) for the Antarctic blue whale. Red bars represent the cross-
validated mean regularized training gain (a measure of goodness-of-fit) for sub-models calibrated using all predictors except the respective predictor. In 
contrast, blue bars represent complementary results for models calibrated only with the respective predictor. Error bars represent the standard deviation 
of the regularized training gain on cross-validation. Grey points show results for the full model, calibrated with no cross-validation. For more information 
on predictor abbreviations, see Table 1.  
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Figure S9: Marginal response curves for the Antarctic blue whale models. Response curves describe the cloglog prediction changes as each 
environmental predictor changes, with keeping all other predictors at their average value at training presences. As these response curves are sensitive to 
the fixed value of other predictors, we also provide the predicted values in the environmental space of the most important three predictors (see Figure 
S10). Solid blue lines and dashed area represent the mean and standard deviation of the cross-validated response curve of ModelAll, while the red line 
and dashed area represents ModelUnique. PI represents the permutation importance of the predictor, with predictors with more than 5% permutation 
importance shown in a larger font. For better understanding, transformed predictors (distance to 1000m isobath, slope, mean summer chlorophyll, annual 
variability of sea surface height, and annual mean speed) were also back-transformed for visualization. The top green rug shows values at species 
occurrences; similarly, the bottom rung shows values south of the Polar Front.  
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Figure S10: Mean habitat suitability of the Antarctic blue whale in the environmental space of the three most important environmental predictors. The 
first row shows combinations at species occurrences, while the second and third rows show predictions from ModelAll and ModelUnique, respectively. In 
each plot in the second and third row, mean habitat suitability at each respective combination was averaged over all available combinations of other 
predictors. White areas represent no available environmental combinations in the data. Colours range from blue (low prediction) to red (high prediction). 
For more information on the predictors acronyms used, see Table 1.  
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Results of the fin whale (Figures S11-15) 

 

Figure S11: Mean and coefficient of variation of the predicted habitat suitability of the fin whale on cross-validation. The top left map shows occurrences 
used to train the models. The coefficient of variation was calculated as the ratio between standard deviation and mean cross-validated habitat suitability. 
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Figure S12: The temporal distribution of available occurrences for the fin whale. The histogram shows the number of occurrences within each ten-year 
bin. The red vertical line differentiates occurrences excluded (before 1980) or included (after 1980) in the analysis. The right plot shows the number of 
occurrences after 1980 on each calendar day. The majority of occurrences was collected during summer months (particularly in January and February). 



18 
 

 
Figure S13: Results for Maxent’s jackknifing test for ModelAll (left) and ModelUnique (right) for the fin whale. Red bars represent the cross-validated 
mean regularized training gain (a measure of goodness-of-fit) for sub-models calibrated using all predictors except the respective predictor. In contrast, 
blue bars represent complementary results for models calibrated only with the respective predictor. Error bars represent the standard deviation of the 
regularized training gain on cross-validation. Grey points show results for the full model, calibrated with no cross-validation. For more information on 
predictor abbreviations, see Table 1.  
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Figure S14: Marginal response curves for the fin whale models. Response curves describe the cloglog prediction changes as each environmental 
predictor changes, with keeping all other predictors at their average value at training presences. As these response curves are sensitive to the fixed value 
of other predictors, we also provide the predicted values in the environmental space of the most important three predictors (see Figure S15). Solid blue 
lines and dashed area represent the mean and standard deviation of the cross-validated response curve of ModelAll, while the red line and dashed area 
represents ModelUnique. PI represents the permutation importance of the predictor, with predictors with more than 5% permutation importance shown in 
a larger font. For better understanding, transformed predictors (distance to 1000m isobath, slope, mean summer chlorophyll, annual variability of sea 
surface height, and annual mean speed) were also back-transformed for visualization. The top green rug shows values at species occurrences; similarly, 
the bottom rung shows values south of the Polar Front. 
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Figure S15: Mean habitat suitability of the fin whale in the environmental space of the three most important environmental predictors. The first row 
shows combinations at species occurrences, while the second and third rows show predictions from ModelAll and ModelUnique, respectively. In each plot 
in the second and third row, mean habitat suitability at each respective combination was averaged over all available combinations of other predictors. 
White areas represent no available environmental combinations in the data. Colours range from blue (low prediction) to red (high prediction). For more 
information on the predictors acronyms used, see Table 1.  
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Results of the humpback whale (Figures S16-20) 

 
Figure S16: Mean and coefficient of variation of the predicted habitat suitability of the humpback whale on cross-validation. The top left map shows 
occurrences used to train the models. The coefficient of variation was calculated as the ratio between standard deviation and mean cross-validated habitat 
suitability.  



22 
 

 
Figure S17: The temporal distribution of available occurrences for the humpback whale. The histogram shows the number of occurrences within each 
ten-year bin. The red vertical line differentiates occurrences excluded (before 1980) or included (after 1980) in the analysis. The right plot shows the 
number of occurrences after 1980 on each calendar day. The majority of occurrences were collected during summer months (particularly in January and 
February).  
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Figure S18: Results for Maxent’s jackknifing test for ModelAll (left) and ModelUnique (right) for the humpback whale. Red bars represent the cross-
validated mean regularized training gain (a measure of goodness-of-fit) for sub-models calibrated using all predictors except the respective predictor. In 
contrast, blue bars represent complementary results for models calibrated only with the respective predictor. Error bars represent the standard deviation 
of the regularized training gain on cross-validation. Grey points show results for the full model, calibrated with no cross-validation. For more information 
on predictor abbreviations, see Table 1.  
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Figure S19: Marginal response curves for the humpback whale models. Response curves describe the cloglog prediction changes as each environmental 
predictor changes, with keeping all other predictors at their average value at training presences. As these response curves are sensitive to the fixed value 
of other predictors, we also provide the predicted values in the environmental space of the most important three predictors (see Figure S20). Solid blue 
lines and dashed area represent the mean and standard deviation of the cross-validated response curve of ModelAll, while the red line and dashed area 
represents ModelUnique. PI represents the permutation importance of the predictor, with predictors with more than 5% permutation importance shown in 
a larger font. For better understanding, transformed predictors (distance to 1000m isobath, slope, mean summer chlorophyll, annual variability of sea 
surface height, and annual mean speed) were also back-transformed for visualization. The top green rug shows values at species occurrences; similarly, 
the bottom rung shows values south of the Polar Front.  
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Figure S20: Mean habitat suitability of the humpback whale in the environmental space of the three most important environmental predictors. The first 
row shows combinations at species occurrences, while the second and third rows show predictions from ModelAll and ModelUnique, respectively. In each 
plot in the second and third row, mean habitat suitability at each respective combination was averaged over all available combinations of other predictors. 
White areas represent no available environmental combinations in the data. Colours range from blue (low prediction) to red (high prediction). For more 
information on the predictors acronyms used, see Table 1.  
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Figure S21: Maps of the 15 environmental predictors used to run the models. For more information on predictor abbreviations, see Table 1. 



27 
 

 
Figure S22: Pearson correlation coefficient between each pair of environmental predictors used to run the models. Highly correlated predictors were 
excluded in advance using variance inflation factor (see main text). The maximum value of the correlation coefficient is 0.71. Colours range from red 
(high negative correlation) to blue (high positive correlation). For more information on predictor abbreviations, see Table 1.
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Figure S23: Boxplots comparing values of each environmental predictor south of the Polar Front with corresponding values at species-specific sightings. 
For more information on predictor abbreviations, see Table 1.
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Antarctic minke whale 
ModelAll ModelUnique 

 
659.7 km 640.4 km 

  

Antarctic blue whale 
ModelAll ModelUnique 

 
1128.1 km 912.4 km 
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Fin whale 
ModelAll ModelUnique 

 
560.3 km 584.7 km 

 

Humpback whale 
ModelAll ModelUnique 

 
472.5 km 390.2 km 

Figure S24: The spatial allocation of blocks into species- and model-specific five-fold cross-validation. 
Block colour indicates how blocks were distributed into cross-validation folds. ModelAll represents 
models run using all occurrences, while ModelUnique represents models calibrated after removing 
duplicated occurrences within each 10×10 km cell. The number below each map represents the size of 
each block in kilometre. Points represent species presence-only sightings used in this study 
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Figure S25: Spatiotemporal biases in species observation data. The map to the left shows the number of sightings used in this study (log-scale) per 
100×100 km grid. Note the existence of high sampling bias towards the Antarctic Peninsula area and the absence of sightings from the majority of the 
Weddell Sea (dashed polygon). The plot to the right shows the number of sightings used in this study at each calendar day. There is an inevitable 
temporal bias in the visual observations data towards the summer months, particularly from the end of December to mid-April. 
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Figure S26: The seasonal distribution of daily sea ice edge from 2002 to 2019. Here, seasons were 
determined as three-month intervals from January. 
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Figure S27: Monthly distribution of daily sea ice edge from 2002 to 2019. 
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(A) Antarctic minke whale 

 

 
(B) Antarctic blue whale 
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(C) Fin whale 

 

 
(D) Humpback whale 

 

Figure S28: Comparison between distance to sea ice edge (SIE, left plots) or sea ice concentration (SIC, 
right plots) at species sightings, either spatiotemporally matched with their respective daily distance to 
SIE or SIC (x-axis) or spatially matched with the mean distance to summer SIE or SIC (y-axis, predictors 
used in this study). Horizontal and vertical grey lines in the left plots represent the location of SIE. The 
dashed grey line represents the identity (y=x relationship). It is clear that summarising highly dynamic 
environmental conditions (mean summer SIC or distance to summer SIE) has highly under- or over-
estimated the correct values of SIC and SIE. This can greatly impact the performance of the static models 
and their inferences in the highly dynamic environment of the SO.



39 
 

References of Supporting Information 
 
Ainley, D. G., Jongsomjit, D., Ballard, G., Thiele, D., Fraser, W. R., & Tynan, C. T. (2012). Modeling the 

relationship of Antarctic minke whales to major ocean boundaries. Polar Biology, 35(2), 281-290. 
Andrews-Goff, V., Bestley, S., Gales, N. J., Laverick, S. M., Paton, D., Polanowski, A. M., . . . Double, M. C. 

(2018). Humpback whale migrations to Antarctic summer foraging grounds through the 
southwest Pacific Ocean. Sci Rep, 8(1), 12333. doi:10.1038/s41598-018-30748-4. 

Beekmans, B. W. P. M., Forcada, J. F., Murphy, E. J., de Baar, H. J. W., Bathmann, U., & Fleming, A. H. 
(2010). Generalised additive models to investigate environmental drivers of Antarctic minke whale 
(Balaenoptera bonaerensis) spatial density in austral summer. Journal of Cetacean Research and 
Management, 11(2), 115-129. 

Bombosch, A., Zitterbart, D. P., Van Opzeeland, I., Frickenhaus, S., Burkhardt, E., Wisz, M. S., & Boebel, O. 
(2014). Predictive habitat modelling of humpback (Megaptera novaeangliae) and Antarctic minke 
(Balaenoptera bonaerensis) whales in the Southern Ocean as a planning tool for seismic surveys. 
Deep Sea Research Part I: Oceanographic Research Papers, 91, 101-114. 

Branch, T. A., Stafford, K. M., Palacios, D. M., Allison, C., Bannister, J. L., Burton, C. L. K., . . . Warneke, 
R. M. (2007). Past and present distribution, densities and movements of blue whales Balaenoptera 
musculus in the Southern Hemisphere and northern Indian Ocean. Mammal Review, 37(2), 116-
175. 

Dalla Rosa, L., Secchi, E. R., Maia, Y. G., Zerbini, A. N., & Heide-Jørgensen, M. P. (2008). Movements of 
satellite-monitored humpback whales on their feeding ground along the Antarctic Peninsula. Polar 
Biology, 31(7), 771-781. 

Elith, J., et al. (2010). The art of modelling range-shifting species. Methods in Ecology and Evolution 1(4): 
330-342. 

Filun, D., Thomisch, K., Boebel, O., Brey, T., Sirovic, A., Spiesecke, S., & Van Opzeeland, I. (2020). Frozen 
verses: Antarctic minke whales (Balaenoptera bonaerensis) call predominantly during austral 
winter. Royal Society Open Science, 7(10). 

Friedlaender, A. S., Johnston, D. W., Fraser, W. R., Burns, J., Patrick N, H., & Costa, D. P. (2011). Ecological 
niche modeling of sympatric krill predators around Marguerite Bay, Western Antarctic 
Peninsula. Deep Sea Research Part II: Topical Studies in Oceanography, 58(13-16), 1729-1740. 

Herr, H., Kelly, N., Dorschel, B., Huntemann, M., Kock, K. H., Lehnert, L. S., . . . Scheidat, M. (2019). Aerial 
surveys for Antarctic minke whales (Balaenoptera bonaerensis) reveal sea ice dependent 
distribution patterns. Ecol Evol, 9(10), 5664-5682. 

Kasamatsu, F., Ensor, P., Joyce, G. G., & Kimura, N. (2000a). Distribution of minke whales in the 
Bellingshausen and Amundsen Seas (60 degrees W-120 degrees W), with special reference to 
environmental/physiographic variables. Fisheries Oceanography, 9(3), 214-223. 

Kasamatsu, F., Matsuoka, K., & Hakamada, T. (2000b). Interspecific relationships in density among the 
whale community in the Antarctic. Polar Biology, 23(7), 466-473. 

Kasamatsu, F. (1988). Distribution of cetacean sightings in the Antarctic: results obtained from the 
IWC/IDCR minke whale assessment cruises, 1978/79 to 1983/84. International Whaling Commission. 
Report. 38. United Kingdom. P.449-473. Retrieved from  

Locarnini, R. A., Mishonov, A. V., Baranova, O. K., Boyer, T. P., Zweng, M. M., Garcia, H. E., . . . Smolyar, 
I. (2018). World Ocean Atlas 2018, Volume 1: Temperature. A. Mishonov Technical Ed.; NOAA 
Atlas NESDIS 81, 52 pp. Retrieved from https://www.nodc.noaa.gov/OC5/woa18/pubwoa18.html  

Murase, H. (2014). Estimation of circumpolar spatial distributions of baleen whales in the Antarctic in 
the period of the IWC IDCR/SOWER CPII and CPIII (1994 – 2004). Paper SC/65b/IA10 presented 
to the 65a IWC Scientific Committee, May 2014. 42 pp. Retrieved from https://iwc.int/. 

Murase, H., Kitakado, T., Hakamada, T., Matsuoka, K., Nishiwaki, S., & Naganobu, M. (2013). Spatial 
distribution of Antarctic minke whales (Balaenoptera bonaerensis) in relation to spatial 
distributions of krill in the Ross Sea, Antarctica. Fisheries Oceanography, 22(3), 154-173. 

Nowacek, D. P., Friedlaender, A. S., Halpin, P. N., Hazen, E. L., Johnston, D. W., Read, A. J., . . . Zhu, Y. 
(2011). Super-aggregations of krill and humpback whales in Wilhelmina Bay, Antarctic Peninsula. 
PLoS One, 6(4), e19173. 

https://www.nodc.noaa.gov/OC5/woa18/pubwoa18.html
https://iwc.int/.


40 
 

Owen, K., Jenner, K. C. S., Jenner, M. N. M., McCauley, R. D., & Andrews, R. D. (2019). Water temperature 
correlates with baleen whale foraging behaviour at multiple scales in the Antarctic. Marine and 
Freshwater Research, 70(1), 19-32. 

Rankin, S., ljungblad, D., Clark, C., & Kato, H. (2005). Vocalisations of Antarctic blue whales, 
Balaenoptera musculus intermedia, recorded during the 2001/2002 and 2002/2003 IWC/SOWER 
circumpolar cruises, Area V, Antarctica. Journal of Cetacean Research and Management, 7(1), 13-
20.  

Riekkola, L., Andrews-Goff, V., Friedlaender, A., Constantine, R., & Zerbini, A. N. (2019). Environmental 
drivers of humpback whale foraging behavior in the remote Southern Ocean. Journal of 
Experimental Marine Biology and Ecology, 517, 1-12. 

Santora, J. A., Schroeder, I. D., & Loeb, V. J. (2014). Spatial assessment of fin whale hotspots and their 
association with krill within an important Antarctic feeding and fishing ground. Marine Biology, 
161(10), 2293-2305. 

Sathyendranath, S., Grant, M., Brewin, R. J. W., Brockmann, C., Brotas, V., Chuprin, A., . . . Zibordi, G. 
(2018). ESA Ocean Colour Climate Change Initiative (Ocean_Colour_cci): Version 3.1 Data. 
Centre for Environmental Data Analysis, 04 July 2018. 

Schall, E., Thomisch, K., Boebel, O., Gerlach, G., Spiesecke, S., & Van Opzeeland, I. (2020). Large-scale 
spatial variabilities in the humpback whale acoustic presence in the Atlantic sector of the Southern 
Ocean. Royal Society Open Science, 7(12). doi:10.1098/rsos.201347 

Scheidat, M., Friedlaender, A., Kock, K. H., Lehnert, L., Boebel, O., Roberts, J., & Williams, R. (2011). 
Cetacean surveys in the Southern Ocean using icebreaker-supported helicopters. Polar Biology, 
34(10), 1513-1522. 

Shabangu, F. W., Yemane, D., Stafford, K. M., Ensor, P., & Findlay, K. P. (2017). Modelling the effects of 
environmental conditions on the acoustic occurrence and behaviour of Antarctic blue whales. 
PLoS One, 12(2), e0172705. 

Širović, A., & Hildebrand, J. A. (2011). Using passive acoustics to model blue whale habitat off the 
Western Antarctic Peninsula. Deep Sea Research Part II: Topical Studies in Oceanography, 58(13-
16), 1719-1728. 

Širović, A., Hildebrand, J. A., Wiggins, S. M., McDonald, M. A., Moore, S. E., & Thiele, D. (2004). 
Seasonality of blue and fin whale calls and the influence of sea ice in the Western Antarctic 
Peninsula. Deep Sea Research Part II: Topical Studies in Oceanography, 51(17-19), 2327-2344. 

Spreen, G., Kaleschke, L., & Heygster, G. (2008). Sea ice remote sensing using AMSR-E 89-GHz channels. 
Journal of Geophysical Research, 113(C2). 

Thiele, D., Chester, E. T., Moore, S. E., Širovic, A., Hildebrand, J. A., & Friedlaender, A. S. (2004). Seasonal 
variability in whale encounters in the Western Antarctic Peninsula. Deep Sea Research Part II: 
Topical Studies in Oceanography, 51(17-19), 2311-2325. 

Thomisch, K., Boebel, O., Clark, C. W., Hagen, W., Spiesecke, S., Zitterbart, D. P., & Van Opzeeland, I. 
(2016). Spatio-temporal patterns in acoustic presence and distribution of Antarctic blue whales 
Balaenoptera musculus intermedia in the Weddell Sea. Endangered Species Research, 30, 239-253. 

Van Opzeeland, I., Van Parijs, S., Kindermann, L., Burkhardt, E., & Boebel, O. (2013). Calling in the cold: 
pervasive acoustic presence of humpback whales (Megaptera novaeangliae) in Antarctic coastal 
waters. PLoS One, 8(9), e73007. 

Weatherall, P., Marks, K. M., Jakobsson, M., Schmitt, T., Tani, S., Arndt, J. E., . . . Wigley, R. (2015). A new 
digital bathymetric model of the world’s oceans. Earth and Space Science, 2(8), 331-345. 

Williams, R., Hedley, S. L., & Hammond, P. S. (2006). Modeling distribution and abundance of Antarctic 
baleen whales using ships of opportunity. Ecology and Society, 11(1).  

Williams, R., Kelly, N., Boebel, O., Friedlaender, A. S., Herr, H., Kock, K. H., . . . Brierley, A. S. (2014). 
Counting whales in a challenging, changing environment. Sci Rep, 4, 4170. 

Zweng, M. M., Reagan, J. R., Seidov, D., Boyer, T. P., Locarnini, R. A., Garcia, H. E., . . . Smolyar, I. (2018). 
World Ocean Atlas 2018, Volume 2: Salinity. A. Mishonov Technical Ed.; NOAA Atlas NESDIS 82, 
50 pp. Retrieved from https://www.nodc.noaa.gov/OC5/woa18/pubwoa18.html

https://www.nodc.noaa.gov/OC5/woa18/pubwoa18.html


41 
 

Appendix 1: Data sources accessed via GBIF (https://www.gbif.org/) on 31st July 2018 
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Appendix 2: Data sources accessed via iOBIS (https://obis.org/) on 26th July 2018 
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https://obis.org/dataset/b9a2fd8a-91a1-4285-8ea0-7c8991e811b8
https://obis.org/dataset/553e813b-993b-46f4-b42e-d3a5bf064572
https://obis.org/dataset/84cfefce-ded2-4a7f-bb46-
https://obis.org/dataset/a5edf42e-7768-4d1a-8df1-
https://obis.org/dataset/8a1ae661-e911-4967-bc06-1168fc5f2d89
https://obis.org/dataset/766fd9a5-2fec-4916-b8b0-
https://obis.org/dataset/5082de5d-7e3a-4c5f-9da6-b0d4952b7652
https://portal.obis.org/dataset/6af80242-edfd-4dd2-b957-8e715789e479
https://obis.org/dataset/5a804d4e-7393-
https://obis.org/dataset/4550423a-25fc-4028-ad91-e8f63ecbbc8b
https://obis.org/dataset/0b91d8f6-a50e-44e4-b313-
http://nzobisipt.niwa.co.nz/resource.do?r=naturewatchnz
https://obis.org/dataset/23c15f33-
http://nzobisipt.niwa.co.nz/resource.do?r=tan0602
https://obis.org/dataset/33b5f094-38b0-
https://obis.org/dataset/b3bdb08f-
http://arobis.cenpat-conicet.gob.ar:8081/resource?r=arobis-cenpat-cadic-mammalobs&v=1.2
https://obis.org/dataset/4c50edb9-a5ff-48e4-af3b-ce50c28cd304
http://arobis.cenpat-conicet.gob.ar:8081/resource?r=arobis-cetaceans&v=1.9
https://obis.org/dataset/72bb39c7-7bb4-435c-affc-1aa66a5b2a5b
https://obis.org/dataset/832a055e-49ee-40bd-b138-c29cc07606d7
https://obis.org/dataset/105b3c12-a0c1-497e-bc61-4d8a09c30a69
http://nzobisipt.niwa.co.nz/resource.do?r=discovery_reports
https://obis.org/dataset/364e5a12-8028-4329-be50-fc548c2d6ce4
http://nzobisipt.niwa.co.nz/resource.do?r=terranova
https://portal.obis.org/dataset/159421b6-
http://nzobisipt.niwa.co.nz/resource.do?r=mbis_nz
https://obis.org/dataset/b339f72f-eb69-40c5-b60c-1a37aaffdfb7
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Thiele, D. (2005) Cetacean Sightings Survey and Southern Ocean cetacean program. https://obis.org/dataset/7ca781bf-163f-
4202-86ea-cb9a243d878a 

Vishnyakova K (2016): Antractic whale observation on a platform of opportunity abroad krill fishing vessel "Dalmor II", April 
- July 2011.. v1.9. Ukrainian Scientific Centre of Ecology of the Sea (UkrSCES). Dataset/Occurrence. 
http://gp.sea.gov.ua:8082/ipt/resource?r=whale_observation_ccamlr_ukrsces&v=1.9  
https://portal.obis.org/dataset/e6513ed4-0c07-400c-8ec4-9b54b664cdb8 

Watts, D.J. (2006) Orca observations on Macquarie Island. https://obis.org/dataset/1b37891a-9d12-4f54-a4fc-6d5dd5dd92b3 
Webmaster O (2020): Tasmanian Museum and Art Gallery provider for OZCAM - marine records. v1.7. CSIRO Oceans and 

Atmosphere. Dataset/Occurrence. https://www.marine.csiro.au/ipt/resource?r=tmag_marine&v=1.7 
https://obis.org/dataset/8faf0e94-1c0e-479d-942c-7f21a4c0a5b4 

Woolmer, G. 2013. Historical distribution of whales shown by logbook records 1785-1913. https://obis.org/dataset/a9848680-
b804-455a-b6b5-2c5c1d0dbcde 

 
 
 
 
  

https://obis.org/dataset/7ca781bf-163f-
http://gp.sea.gov.ua:8082/ipt/resource?r=whale_observation_ccamlr_ukrsces&v=1.9
https://portal.obis.org/dataset/e6513ed4-0c07-400c-8ec4-9b54b664cdb8
https://obis.org/dataset/1b37891a-9d12-4f54-a4fc-6d5dd5dd92b3
https://www.marine.csiro.au/ipt/resource?r=tmag_marine&v=1.7
https://obis.org/dataset/8faf0e94-1c0e-479d-942c-7f21a4c0a5b4
https://obis.org/dataset/a9848680-
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Appendix 3: Data accessed via OBIS-SEAMAP (http://seamap.env.duke.edu/) on 22nd 
August 2018 
 
2011. MV Mammals. http://seamap.env.duke.edu/dataset/103150076 
2011. SAM Mammals. http://seamap.env.duke.edu/dataset/103150083 
Curtice, C., A. Friedlaender, P. Halpin, D. Johnston, H. Ducklow and N. Gales. 2015. LTER Antarctic satellite telemetry of 

humpback whales. http://seamap.env.duke.edu/dataset/1261 
Dabin, W. 2020. Observatoire Pelagis - Reseau National Echouage (French stranding network) strandings 1934-2018. 

http://seamap.env.duke.edu/dataset/1406 
Danis, B. 2020. ANTXXIII-8 Birds and Mammals. http://seamap.env.duke.edu/dataset/103151600  --- 

https://obis.org/dataset/d815b624-43e6-4e3e-9136-094353e776f8 
Gorton, R and D. Thiele. 2020. Cetacean Sightings Survey and Southern Ocean cetacean program. 

http://seamap.env.duke.edu/dataset/103150150  --- https://obis.org/dataset/2ab04179-c3e5-4754-9df5-65d3b3e0dbcd 
Happywhale. 2020. Happywhale - Minke Whale in South Pacific Ocean. http://seamap.env.duke.edu/dataset/1744 
Happywhale. 2020. Happywhale - Southern Bottlenose Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1736 
Happywhale. 2021. Happywhale - Arnoux''s Beaked Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1731 
Happywhale. 2021. Happywhale - Blue Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1759 
Happywhale. 2021. Happywhale - Blue Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1760 
Happywhale. 2021. Happywhale - Fin Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1752 
Happywhale. 2021. Happywhale - Fin Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1753 
Happywhale. 2021. Happywhale - Humpback Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1766 
Happywhale. 2021. Happywhale - Humpback Whale in South Pacific Ocean. http://seamap.env.duke.edu/dataset/1768 
Happywhale. 2021. Happywhale - Humpback Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1767 
Happywhale. 2021. Happywhale - Killer Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1719 
Happywhale. 2021. Happywhale - Killer Whale in South Pacific Ocean. http://seamap.env.duke.edu/dataset/1721 
Happywhale. 2021. Happywhale - Killer Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1720 
Happywhale. 2021. Happywhale - Long-finned Pilot Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1781 
Happywhale. 2021. Happywhale - Long-finned Pilot Whale in South Pacific Ocean. http://seamap.env.duke.edu/dataset/1782  
Happywhale. 2021. Happywhale - Minke Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1743 
Happywhale. 2021. Happywhale - Sei Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1747 
Happywhale. 2021. Happywhale - Sei Whale in South Pacific Ocean. http://seamap.env.duke.edu/dataset/1748 
Happywhale. 2021. Happywhale - Southern Bottlenose Whale in South Atlantic Ocean. 

http://seamap.env.duke.edu/dataset/1735 
Happywhale. 2021. Happywhale - Southern Right Whale in South Atlantic Ocean. http://seamap.env.duke.edu/dataset/1783 
Happywhale. 2021. Happywhale - Southern Right Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1784 
Happywhale. 2021. Happywhale - Sperm Whale in Southern Ocean. http://seamap.env.duke.edu/dataset/1729 
Hyrenbach, D. 2007. SIO Marine Bird and Mammal Survey 2003. http://seamap.env.duke.edu/dataset/95 
Hyrenbach, D. 2007. SIO Marine Bird and Mammal Survey 2004. http://seamap.env.duke.edu/dataset/227 
Johnston TH. (2000) Whale and Seal Observations 1929-31 and 1930-31 Pp 30-65. in Shaughnessy, P.D. (ed.) 2000 Antarctic 

seals, whales and dolphins of the early twentieth century: Marine mammals of the Australasian Antarctic Expedition 
1911-14 (AAE) and the British, Australian and New Zealand Antarctic Research Expedition 1929-31 (BANZARE), 
ANARE Reports 142, 172pp. See Metadata record 
http://data.aad.gov.au/aadc/metadata/metadata_redirect.cfm?md=AMD/AU/ASAC_140. 

Maughan, B. and K. Arnold. 2010. UK Royal Navy Marine Mammal Observations. http://seamap.env.duke.edu/dataset/64 
Obis secretariat. 2020. Antarctic Pack Ice Seals 1994-1999, plus historical data from the 1980's. 

http://seamap.env.duke.edu/dataset/103150146  --- https://obis.org/dataset/de164752-b2a3-4857-b73b-04c00c0c801e 
Obis secretariat. 2020. National Whale and Dolphin Sightings and Strandings Database. 

http://seamap.env.duke.edu/dataset/103150567  --- https://obis.org/dataset/5d6e3670-3455-434b-b2fe-3d50f144b51a 
Reyes, L. 2011. Cetacean distribution in the South Atlantic and South Pacific Ocean (AR-OBIS). 

http://seamap.env.duke.edu/dataset/103150519. 
Robertson, H. 2020. iziko South African Museum - Marine Mammal Collection. 

http://seamap.env.duke.edu/dataset/103150130  --- https://obis.org/dataset/2e471257-d3af-40f7-ba72-fccdb460fc2b 
Van De Putte, A. 2011. Marine birds and mammals of the Southern Ocean (a census for the CAML). 

http://seamap.env.duke.edu/dataset/103151589. 
Van De Putte, A., W. Decock and A. Anunciante. 2011. South American Antarctic Marine Biodiversity Literature. 

http://seamap.env.duke.edu/dataset/103151611. 
Watts, D. (2009) Whale log - observations from ANARE voyages, Australian Antarctic Data Centre - CAASM Metadata 

(http://data.aad.gov.au/aadc/metadata/ 
Watts, D. 2020. Orca observations on Macquarie Island. http://seamap.env.duke.edu/dataset/103150149  --- 

https://obis.org/dataset/f54e9964-2d7f-4f6e-8977-de46d01c3cfd 
Watts, D. 2020. Whale catches in the Southern Ocean. http://seamap.env.duke.edu/dataset/103150022  --- 

https://obis.org/dataset/a4d4e3f2-7626-49bb-b85b-16ed83105909 
Woolmer, G. 2013. Historical distribution of whales shown by logbook records 1785-1913. 

http://seamap.env.duke.edu/dataset/885  

http://seamap.env.duke.edu/)
http://seamap.env.duke.edu/dataset/103150076
http://seamap.env.duke.edu/dataset/103150083
http://seamap.env.duke.edu/dataset/1261
http://seamap.env.duke.edu/dataset/1406
http://seamap.env.duke.edu/dataset/103151600
https://obis.org/dataset/d815b624-43e6-4e3e-9136-094353e776f8
http://seamap.env.duke.edu/dataset/103150150
https://obis.org/dataset/2ab04179-c3e5-4754-9df5-65d3b3e0dbcd
http://seamap.env.duke.edu/dataset/1744
http://seamap.env.duke.edu/dataset/1736
http://seamap.env.duke.edu/dataset/1731
http://seamap.env.duke.edu/dataset/1759
http://seamap.env.duke.edu/dataset/1760
http://seamap.env.duke.edu/dataset/1752
http://seamap.env.duke.edu/dataset/1753
http://seamap.env.duke.edu/dataset/1766
http://seamap.env.duke.edu/dataset/1768
http://seamap.env.duke.edu/dataset/1767
http://seamap.env.duke.edu/dataset/1719
http://seamap.env.duke.edu/dataset/1721
http://seamap.env.duke.edu/dataset/1720
http://seamap.env.duke.edu/dataset/1781
http://seamap.env.duke.edu/dataset/1782
http://seamap.env.duke.edu/dataset/1743
http://seamap.env.duke.edu/dataset/1747
http://seamap.env.duke.edu/dataset/1748
http://seamap.env.duke.edu/dataset/1735
http://seamap.env.duke.edu/dataset/1783
http://seamap.env.duke.edu/dataset/1784
http://seamap.env.duke.edu/dataset/1729
http://seamap.env.duke.edu/dataset/95
http://seamap.env.duke.edu/dataset/227
http://data.aad.gov.au/aadc/metadata/metadata_redirect.cfm?md=AMD/AU/ASAC_140.
http://seamap.env.duke.edu/dataset/64
http://seamap.env.duke.edu/dataset/103150146
https://obis.org/dataset/de164752-b2a3-4857-b73b-04c00c0c801e
http://seamap.env.duke.edu/dataset/103150567
https://obis.org/dataset/5d6e3670-3455-434b-b2fe-3d50f144b51a
http://seamap.env.duke.edu/dataset/103150519.
http://seamap.env.duke.edu/dataset/103150130
https://obis.org/dataset/2e471257-d3af-40f7-ba72-fccdb460fc2b
http://seamap.env.duke.edu/dataset/103151589.
http://seamap.env.duke.edu/dataset/103151611.
http://data.aad.gov.au/aadc/metadata/
http://seamap.env.duke.edu/dataset/103150149
https://obis.org/dataset/f54e9964-2d7f-4f6e-8977-de46d01c3cfd
http://seamap.env.duke.edu/dataset/103150022
https://obis.org/dataset/a4d4e3f2-7626-49bb-b85b-16ed83105909
http://seamap.env.duke.edu/dataset/885
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Appendix 4: Reference list of Polarstern data used  
 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXV/2. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.728270 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXII/3. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729027 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXII/4. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729028 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/2. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729030 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/3. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729031 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/4. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729032 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/5. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729033 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/6. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729034 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/7. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729035 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/8. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729036 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIII/9. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729037 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIV/2. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729040 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIV/3. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729041 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXIV/4. Alfred Wegener Institute, Helmholtz 

Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729042 
Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXV/3 (LOHAFEX. Alfred Wegener Institute, 

Helmholtz Centre for Polar and Marine Research, Bremerhaven, PANGAEA, 
https://doi.org/10.1594/PANGAEA.729044 

Burkhardt, E. (2009): Whale sightings during POLARSTERN cruise ANT-XXV/4. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.729045 

Burkhardt, E. (2011): Whale sightings during POLARSTERN cruise ANT-XXVI/1. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.760335 

Burkhardt, E. (2011): Whale sightings during POLARSTERN cruise ANT-XXVI/2. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.760336 

Burkhardt, E. (2011): Whale sightings during POLARSTERN cruise ANT-XXVI/3. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.760337 

Burkhardt, E. (2011): Whale sightings during POLARSTERN cruise ANT-XXVII/2. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.760340 

Burkhardt, E. (2012): Whale sightings during POLARSTERN cruise ANT-XXVII/3. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.783806 

Burkhardt, E. (2013): Whale sightings during POLARSTERN cruise ANT-XXVIII/2. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.819861 

Burkhardt, E. (2013): Whale sightings during POLARSTERN cruise ANT-XXVIII/3. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.819862 

Burkhardt, E. (2013): Whale sightings during POLARSTERN cruise ANT-XXVIII/4. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.819863 

Burkhardt, E. (2013): Whale sightings during POLARSTERN cruise ANT-XXVIII/5. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.819864 

Burkhardt, E. (2013): Whale sightings during POLARSTERN cruise ANT-XXIX/2. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.819866 

Burkhardt, E. (2014): Whale sightings during POLARSTERN cruise ANT-XXIX/3. Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.840382 

Burkhardt, E. (2018): Whale sightings during POLARSTERN cruise PS103. Alfred Wegener Institute, Helmholtz Centre for 
Polar and Marine Research, Bremerhaven, PANGAEA, https://doi.org/10.1594/PANGAEA.895984 

  

https://doi.org/10.1594/PANGAEA.728270
https://doi.org/10.1594/PANGAEA.729027
https://doi.org/10.1594/PANGAEA.729028
https://doi.org/10.1594/PANGAEA.729030
https://doi.org/10.1594/PANGAEA.729031
https://doi.org/10.1594/PANGAEA.729032
https://doi.org/10.1594/PANGAEA.729033
https://doi.org/10.1594/PANGAEA.729034
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https://doi.org/10.1594/PANGAEA.895984
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Appendix 5: Reference list of PANGAEA (https://www.pangaea.de/) data used  
 
Herr, H.; Lehnert, L. S.; Siebert, U. (2018): Aerial cetacean survey Southern Ocean 2010/2011. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894934 
Herr, H.; Lehnert, L. S.; Siebert, U. (2018): Ship based cetacean survey Southern Ocean 2010/2011. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894910 
Herr, H.; Lehnert, L. S.; Siebert, U. (2018): Ship based cetacean survey Southern Ocean 2011/2012. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894909 
Herr, H.; Siebert, U. (2018): Aerial cetacean survey Southern Ocean 2012/2013. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894914 
Herr, H.; Viquerat, S.; Siebert, U. (2018): Aerial cetacean survey Southern Ocean 2014/2015. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894938 
Herr, H.; Viquerat, S.; Siebert, U. (2018): Ship based cetacean survey Southern Ocean 2014/2015. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894873 
Herr, H.; Viquerat, S.; Siebert, U. (2018): Ship based cetacean survey Southern Ocean 2016. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894912 
Scheidat, M.; Herr, H. (2018): Aerial cetacean survey Southern Ocean 2006/2007. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894937 
Scheidat, M.; Herr, H.; Siebert, U. (2018): Aerial cetacean survey Southern Ocean 2008/2009. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894936 
Scheidat, M.; Herr, H.; Siebert, U. (2018): Ship based cetacean survey Southern Ocean 2008/2009. PANGAEA, 

https://doi.org/10.1594/PANGAEA.894911 
 

 

https://www.pangaea.de/)
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