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ABSTRACT 

Balaenopterids use dynamic feeding lunges to capture prey, often performing roll manoeuvres which 
may demonstrate a side preference or laterality. In this study, we use aerial video footage of fin 
whales (Balaenoptera physalus) feeding at Elephant Island, Antarctica, to investigate laterality in 
the Southern Hemisphere fin whale subspecies B. p. quoyi. Right‐biased lateralisation was observed 
in all 63 recorded side lunges, 57 of which displayed visible lunge directions, the majority being 
clockwise (98.3%). These results complement existing information on lateralised feeding behaviour 
in Northern Hemisphere fin whales, confirming a strong right‐sided bias across the different fin 
whale subspecies.  

KEYWORDS: FEEDING; ANTARTIC; SOUTHERN OCEAN; FEEDING GROUNDS; BALAENOPTERIDAE; 
BALAENOPTERA PHYSALUS.  

INTRODUCTION 
Laterality or ‘handedness’ describes the asymmetrical left‐ or rightward inclination in the actions of individuals, 
which result in lateralised biases at a population level (Rogers, 1989). The origin of these lateral biases has been 
linked to asymmetric functions of the brain hemispheres regarding various stimuli and may have evolved in early 
vertebrates before the evolution of limbs (MacNeilage, 2013). Lateralised biases relating to hemispheric 
specialisation have been documented in the actions of a number of vertebrate groups, including fish, amphibians, 
reptiles, birds and mammals (Vallortigara & Rogers, 2005; Canning et al., 2011). Among mammals, lateralised 
behaviours during daily routine actions may have evolved as a stable strategy for coordinating behaviours 
between asymmetrical individuals within larger social settings and has been documented in several studies 
(MacNeilage, 2013; Vallortigara & Rogers, 2005; Canning et al., 2011; Ware et al., 2014). A well‐known example 
of laterality at the population level is handedness in human beings, which is exhibited in 90% of the population 
possessing a right‐hand preference and only 10% having a more dominant left hand (Rogers, 1989; Canning  
et al., 2011). Marine mammal populations in the wild exhibit side‐biases during feeding‐related activities, social 
interactions and asymmetrical limb usage (MacNeilage, 2013; Woodward & Winn, 2006; Karenina et al., 2016; 
Parks et al., 2014). This laterality is especially evident in cetaceans, which show signs of lateralised visual biases 
(sensory lateralisation) in social settings, such as mother‐calf relations during nursing (Zoidis & Lomac‐MacNair, 
2017; Karenina et al., 2010), and also indicate ‘handedness’ (motor lateralisation) in their use of flippers 
(MacNeilage, 2013). The most pronounced lateral biases in cetaceans are exhibited during various foraging 
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activities. These have been shown through direct behavioural observations and DTAG (Digital Acoustic Recording 
Tag) measurements (Jaakkola et al., 2020; Woodward & Winn, 2006), but are also evident through indirect 
feeding‐related physical damage, such as jaw scuffing (Swingle et al., 1993) and baleen wear (Kasuya & Rice, 
1970). The observed foraging strategies which demonstrate a strong rightward lateralisation of around 90% range 
from beach feeding of Tursiops truncates (bottlenose dolphins; Silber & Fertl, 1995), feeding dives of Megaptera 
novaeangliae (humpback whales; Clapham et al., 1995; Canning et al., 2011) and Eschrichtius robustus (grey 
whales; Woodward & Winn, 2006) to surface lunge‐feeding of several rorqual species belonging to the genus 
Balaenoptera, including B. edeni (Eden’s whales; Chen et al., 2023), B. musculus (blue whales; Friedlaender  
et al., 2017; Friedlaender, 2022), B. borealis (sei whales; Tershy & Wiley, 1992), B. brydei (Bryde’s whales; Tershy 
& Wiley, 1992) and B. physalus (fin whales; Tershy & Wiley, 1992). There are three recognised subspecies of fin 
whale (Pérez‐Alvarez et al., 2021), two in the Northern Hemisphere (B. p. physalus and B. p. velifera) and one  
(B. p. quoyi) in the Southern Hemisphere, with a circumpolar distribution south of 20°S (Edwards et al., 2015). 
In the Northern Hemisphere, fin whales have been shown to display a strong right‐biased lateralisation of  
~90% during surface‐feeding lunges (Tershy & Wiley, 1992), while information on foraging lateralisation has yet 
to be documented for Southern Hemisphere fin whales (SHFW). SHFWs are known to congregate at Antarctic 
feeding grounds during austral summers to forage on Euphausiids (krill) (Santora et al., 2014; Herr et al., 2022a; 
Viquerat et al., 2022), often forming large feeding aggregations involving up to 300 individuals (Herr et al., 2022a; 
2022b). B. physalus possess an asymmetrically pigmented cephalic region, the left side being entirely dark  
slate and the right side being white on the ventral side and light grey in the dorsal cephalic area (Wursig et al., 
2017). Distinctive anatomical features, such as this asymmetrically pigmented cephalic region, have been 
hypothesised to impact prey responses by acting as a startling device during prey herding or providing counter 
shading during feeding lunges (Tershy & Wiley, 1992). Here, we used aerial video footage to examine surface 
feeding behaviours of SHFWs at Antarctic feeding grounds to investigate lateralisation and directional lunging 
during feeding events.  

METHODS & MATERIALS 
The aerial video data of fin whale feeding events were recorded during the research expedition PS112 (Meyer & 
Wessels, 2018) of the German research ice breaker Polarstern (Alfred Wegener Institute, Helmholtz Centre for 
Polar and Marine Research, 2017) to the Antarctic Peninsula from 18 March to 5 May 2018. The aerial footage 
was recorded during ship‐based helicopter surveys (details in Herr et al., 2022a) using the on‐board helicopter 
(BO‐105), at an altitude of 600 ft (~183m), by a RED Helium 6K camera with Canon CN20 (50–1000mm) lens 
inside a GSS gyro‐stabilised system as well as by drones DJI Phantom 4 and Inspire II equipped with a Zenmuse 
X5S camera, flown at an altitude of 100m. In total, 460 video files of SHFWs with a total duration of 3h 54min 
were recorded across 12 survey days within a period of 30 days at different locations around Elephant Island. 
Due to the relatively short flight times of around 15 minutes, the drones had to be frequently launched and 
retrieved, which resulted in each recorded video file being shorter than 10 minutes. Fin whales were encountered 
feeding in groups of one to 70 individuals (Herr et al., 2022a). 

Feeding lunges were defined as the dynamic open‐mouth pursuit and subsequent engulfment of prey, with 
those occurring in the upper ocean layer being referred to as surface feeding lunges. Lunge‐feeding events were 
recorded as a single occurrence of a full‐feeding lunge sequence performed by a single individual. Lunges 
exhibiting body rolls of less than 45° along the longitudinal axis were defined as straight lunges (ventral‐side 
down). Feeding lunges displaying rolls of 45° or more to either side, occurring prior to the opening of the mouth 
and persisting in that position for the remainder of the active engulfment, were defined as side lunges (Canning 
et al., 2011; Woodward & Winn, 2006) and were classified in two categories, right‐side lunges (RL) and left‐side 
lunges (LL). Right‐side lunges (> +45°) displayed a downward orientation of the right pectoral fin and vice versa 
for left‐side lunges (< –45°). The assessment of body orientation during feeding lunges was performed by 
analysing the positioning of anatomical features, principally the buccal cavity and the appendages, as well as 
phenotypical characteristics, such as the white ventral region and the asymmetrically pigmented cephalic region 
(Wursig et al., 2017). 

IWC  |  A.N. Rychwalski & H. Herr: Lunge‐feeding behaviour in Southern Hemisphere fin whales  |  24



Lunge directions during side lunges were defined as straight, exhibiting no change in swimming direction, or 
as arced, exhibiting turning manoeuvres. These turning manoeuvres were recorded as either clockwise (CW) or 
counterclockwise (CCW) (Tershy & Wiley, 1992). The assessment of lunge direction was determined through the 
position of the lower jaw due to it always being located on the outside of the turning radius when the whales 
engaged in arced lunge directions (Fig. 1).  

The proportion of arced lunge directions to either side, as well as lunges with no discernible change in 
direction, was expressed as a percentage of all lunging events. The degree of lateralisation during side lunges 
was calculated by dividing the difference of right‐ and leftward‐directed rolls (> 45°) by the number of all observed 
side lunging events.  

Lunge feeding events involving two or more whales performing simultaneous lunges (within a 10s timeframe), 
with a similar trajectory (same direction during lunge) and within close proximity to one another (one whale’s 
length) were recorded as synchronised feeding events (Fig. 2). 

The video footage was analysed with the programme QuickTime Player, using reduced playback speed of 0.5 
(50% real time) as well as frame‐by‐frame processing. An accurate identification of distinctive features of 
individual fin whales using the video footage was not possible, therefore no examination of lateralisation on  
the individual level was performed. Instead, we used the observational count data from all side lunge events 
that were performed by fin whales feeding near the surface and visually analysed them for the proportion of 
side‐rolling biases in order to investigate side preferences (Tershy & Wiley, 1992; Kot et al., 2014). Due to the 
lack of individual identification, we cannot confidently rule out that the same individuals were documented 
multiple times. However, due to the fact that filming took place over a duration of four weeks at multiple locations 
around Elephant Island and given the large number of whales present in feeding aggregations and captured in 
each drone recording, we assume our observations to be based on a diverse sample from a large population.  

RESULTS & DISCUSSION 
We identified 81 distinct surface lunging events, 63 (78%) of which were side lunges and 18 (22%) were straight 
lunging events. All observed side‐lunge occurrences exhibited right‐biased (RL) lateralisation (100%, n = 63). 
Lunge directions could be identified during 57 (70%) side lunging events, 56 of which (98.3%) exhibited arced, 
clockwise lunging (CW) and one (1.7%) displayed no directional lunging. We did not sample for prey, but 
echosounder records, as well as visual observations, indicated that Euphausia superba (Antarctic krill) was present 
in the study area (Meyer & Wessels, 2018). The presence of other krill predators, such as Arctocephalus gazella 
(Antarctic fur seals) and multiple species of birds, further indicated the availability of prey in the upper water 
column (Herr et al., 2022). 

Our study found only right‐biased lateralisation exhibited in the side lunges of fin whales during surface 
feeding events in the Antarctic. These results represent the first information on lateralisation in SHFWs and are 
analogous to findings from studies of the Northern Hemisphere subspecies, in which a strong lateralisation  
(> 90%) was documented during surface feeding lunges (Tershy & Wiley, 1992; Kot et al., 2014). Our analysis may 
therefore serve as a complementary commentary to Tershy & Wiley (1992), providing new information on 
lateralisation for the previously unstudied Southern Hemisphere subspecies, enabling a more comprehensive 
review of laterality in fin whales and the potential factors influencing it. 

Rorquals exhibit remarkable levels of foraging efficiency that are approximately three to 10 times higher than 
those of some terrestrial carnivores and are needed to build up the large fat reserves needed for long migration 
and breeding periods (Potvin et al., 2021). Behavioural feeding strategies may therefore play an important role 
in regard to overall foraging efficiency as they offer a wide range of kinematic manoeuvres to react to dynamic 
prey fields and maximise engulfment (Goldbogen et al., 2015; Segre et al., 2019; Segre et al., 2022; Shadwick  
et al., 2019, Potvin et al., 2021). Prey density is considered a primary factor for behavioural adaptations during 
foraging and although complex lunge feeding manoeuvres (e.g., side rolls) require more energy to perform than 
straight lunges, they were found to be more frequently applied at less dense krill patches (Shadwick et al., 2019; 
Goldbogen et al., 2015; Cade et al., 2016). Krill have been shown to detect and avoid objects moving towards 
them by cohesively splitting up. This evasion strategy was successful for objects (nets, submersibles) travelling 
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at about 1.0m/s but failed to be effective for speeds above 1.2m/s (Potvin et al., 2021). However, due to their 
enormous size, large rorquals are likely to be detected at greater distances, which would trigger the escape 
response of the prey earlier and afford them more time to disperse. Therefore, especially in larger individuals, 
higher lunge speeds and early detection avoidance (e.g., through manoeuvring or attacking from below) may be 
required to minimise krill dispersion and enhance engulfment success (Goldbogen et al., 2012; Potvin et al., 
2021; Torres et al., 2020). Moreover, fin whales possess an asymmetrically pigmented cephalic region which has 
been hypothesised to function as a startling device during prey herding. This prey herding hypothesis suggests 
that whales predominantly employed clockwise or rightward swimming during lunge feeding to expose the white 
anterior region of their right side towards their prey to corral it into higher densities (Tershy & Wiley, 1992). Our 
observations of lunge directions exhibited an arced, clockwise direction during the majority of side lunges near 
the surface (98.3%), suggesting that SHFWs, particularly within the large feeding aggregations, may engage in 
prey herding to potentially reduce dispersion effects and improve foraging efficiency. This interpretation may be 
further substantiated by the large numbers of individuals (n = 35) which, aside from exhibiting signs of prey 
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Fig. 1: Aerial photographs of an arced right‐side lunge‐feeding sequence performed by an individual fin whale: (a) lunge approach in 
upright position (ventral‐side down); (b) initiating the side‐roll manoeuvre along the longitudinal axis; (c) immediately before the start of 
the engulfment sequence, the side‐roll position of approximately 90° to the right (right pectoral fin pointing down) is reached and the 
fluke is flexed upward (dorsally); (d) the engulfment sequence is initiated with the opening of the buccal cavity and the downward thrust 
of the fluke generating forward propulsion; (e) visible inflation of the ventral groove blubber (VGB) as the fluke is in the process of thrusting 
downward; (f) the end of the engulfment sequence, displayed by the closing of the buccal cavity while the VGB is inflated, as well as 
beginning to roll to an upright position while purging and filtering the engulfed water. Screengrabs obtained from video footage collected 
during RV Polarstern expedition PS112. ©BBC. 



herding, displayed synchronous feeding lunges involving multiple whales exclusively employing right side (RL) 
and straight lunges (SL) in close proximity to one another. Synchronised feeding of two to four whales (Fig. 2) 
occurred during approximately 40% of all recorded lunge feeding events and could be indicative of cooperative 
feeding behaviour, as described by Chen et al. (2023), in which the whales coordinated their approach and 
combined their engulfment capacities during feeding lunges. However, due to the small sample size of our 
observations this interpretation remains speculative and will require additional data collection and analysis.  

In conclusion, SHFWs exhibited a strong degree of right‐biased lateralisation during side lunge feeding, with 
predominantly right‐biased roll manoeuvres and rightward (clockwise) lunge directions, which may be indicative 
of prey herding. These findings deviate from observations of Tershy & Wiley (1992), which, though displaying 
similarly high proportions of right‐biased side lunges (97.4% in the Gulf of California and 81.1% in the Atlantic), 
only indicated a 52% side preference in lunge directions during feeding sequences, i.e., no prey herding. To 
further investigate if SHFWs engage in cooperative feeding strategies according to Chen et al. (2023), future 
research should investigate characteristics of synchronous and repetitive lunging behaviours involving multiple 
whales occurring within and outside the large feeding aggregations.  
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Fig. 2: Aerial photographs of a synchronised lunge‐feeding sequence performed by two fin whales: (a) lunge approach in upright position 
(ventral‐side down); (b) initiation of side‐roll manoeuvres along the longitudinal axis; (c) active engulfment with a side‐roll position of 
approximately 90° to the right (right pectoral fin pointing down); (d) the end of the engulfment sequence displayed by the closing of the 
buccal cavity and the inflation of the VGB. Screengrabs obtained from video footage collected during RV Polarstern expedition PS112. 
©BBC. 



thanks go to the cruise leader, Bettina Meyer, for supporting our work on board. This work was supported by 
the Deutsche Forschungsgemeinschaft (DFG) in the framework of the priority programme SPP1158 ‘Antarctic 
research with comparative investigations in Arctic ice areas’ by the following grant: HE 5696/3‐1. Additional 
funding was provided by the Southern Ocean Research Partnership (IWC‐SORP) and the Antarctic Wildlife 
Research Fund. Aerial surveys were conducted under permit No. II. 2.8 – 94003‐3/408 of the German 
Environmental Agency in accordance with the Act Implementing the Protocol of Environmental Protection to the 
Antarctic Treaty (AIEP). Filming was conducted under Permit No. 40/2017 under Section 3 of the Antarctic Act 
1994, granted by Polar Regions Department of the Foreign & Commonwealth Office, UK. 

REFERENCES 
Cade, D., Friedlaender, A., Calambokidis, J., Goldbogen, J. (2016). Kinematic diversity in rorqual whale feeding mechanisms. Curr. Biol. 

26(19): 2617–2624. [Available at: https://doi.org/10.1016/j.cub.2016.07.037]  
Canning, C., Crain, D., Eaton, T.S., Nuessly, K., Friedlaender, A., Hurst, T., Parks, S., Ware, C., Wiley, D., Weinrich, M. (2011). Population‐

level lateralised feeding behaviour in North Atlantic humpback whales (Megaptera novaeangliae). Anim. Behav. 82(4): [Available at: 
https://doi.org/10.1016/j.anbehav.2011.07.031] 

Chen, B., Wu, C., Balance, L., Fertl, D., Jiang, H., Qiao, Y., Du, Z., Zhang, Y., Yang, F., Yang, G., Pitman, R. (2023). Cooperative feeding and 
foraging lateralization by Eden’s whales off southern China. Mar. Mammal Sci. 39: 200–219. [Available at: https://doi.org/10.1111/ 
mms.12974]  

Clapham, P.J., Leimkuhler, E., Gray, B.K., Mattila, D.K. (1995). Do humpback whales exhibit lateralized behaviour? Anim. Behav. 50: 73–82. 
[Available at: https://doi.org/10.1006/anbe.1995.0222]  

Edwards, E.F., Hall, C., Moore, T.J., Sheredy, C., Redfern, J.V. (2015). Post‐whaling era fin whale distribution. Mammal Rev. 45: 197–214. 
[Available at: https://doi.org/10.1111/mam.12048] 

Friedlaender, A.S., Herbert‐Read, J., Hazen, E., Cade, D., Calambokidis, J., Southall, B., Stimpert, A., Goldbogen, J. (2017). Context‐dependent 
lateralised feeding strategies in blue whales. Curr. Biol. 27: R1206–1208. [Available at: https://doi.org/10.1016/j.cub.2017.10.023]  

Friedlaender, A.S. (2022). Feeding strategies of baleen whales through a behavioural ecology and evolutionary lens. In: C.W. Clark, E. 
Garland (eds.), Ethology and Behavioural Ecology of Mysticetes (pp.105–123). Springer. 

Goldbogen, J.A., Calambokidis, J., Croll, D.A., McKenna, M.F., Oleson, E., Potvin, J., Pyenson, N.D., Schorr, G., Shadwick, R.E., Tershy, B.R. 
(2012). Scaling of lunge feeding performance in rorqual whales: Mass‐specific energy expenditure increases with body size and 
progressively limits diving capacity. Funct. Ecol. 26(1): 216–226. [Available at: https://doi.org/10.1111/j.1365‐2435.2011.01905.x] 

Goldbogen, J., Hazen, E., Friedlaender, A., Calambokidis, J., DeRuiter, S., Stimpert, A., Southall, B. (2015). Prey density and distribution 
drive the three‐dimensional foraging strategies of the largest filter feeder. Funct. Ecol. 29: 951–961. [Available at: https://doi.org/ 
10.1111/1365‐2435.12395]  

Herr, H., Viquerat, S., Devas, F., Lees, A., Wells, L., Gregory, B., Giffords, T., Beecham, D., Meyer, B. (2022a). Return of large fin whale 
feeding aggregations to historical whaling grounds in the Southern Ocean. Sci. Rep. 12: 9458. [Available at: https://doi.org/10.1038/ 
s41598‐022‐13798‐7] 

Herr, H., Hickmott, L., Viquerat, S., Panigada, S. (2022b). First evidence for fin whale migration into the Pacific from Antarctic feeding 
grounds at Elephant Island. R. Soc. Open Sci. 9(9): 220721. [Available at: https://doi.org/10.1098/rsos.220721]  

Jaakkola, K., Loyer, C., Guarino, E., Donegan, K., McMullen, C. (2020). Do dolphins really have a rightward lateralisation for action? The 
importance of behaviour‐specific and orientation‐neutral coding. Behav. Brain Res. 401: 113083. [Available at: https://doi.org/10.1016/ 
j.bbr.2020.113083]  

Karenina, K., Giljov, A., Baranov, V., Osipova, L., Krasnova, V., Malashichev, Y. (2010). Visual laterality of calf‐mother interactions in wild 
whales. PLoS One 5(11): e13787. [Available at: https://doi.org/10.1371/journal.pone.0013787]  

Karenina, K., Giljov, A., Ivkovich, T., Malashichev, Y. (2016). Evidence for the perceptual origin of right‐sided feeding biases in 
cetaceans. Anim. Cogn. 19: 239–243. [Available at: https://doi.org/10.1007/s10071‐015‐0899‐4] 

Kasuya, T., Rice, D.W. (1970). Notes on baleen plates and on arrangement of parasitic barnacles of gray whale. Sci. Rep. Whales Res. Inst. 
22. 

Kot, B., Sears, R., Zbiden, D., Borda, E., Gordon, M. (2014). Rorqual whale (Balaenopteridae) surface lunge‐feeding behaviours: Standardized 
classification, repertoire diversity and evolutionary analyses. Mar. Mammal Sci. 30. [Available at: https://doi.org/10.1111/mms.12115]  

MacNeilage, P.F. (2013). Vertebrate whole‐body‐action asymmetries and the evolution of right handedness: A comparison between 
humans and marine mammals. Dev. Psychobiol. 55: 577–587. [Available at: https://doi.org/10.1002/dev.21114] 

Meyer, B., Wessels, W. (2018). The Expedition PS112 of the research vessel Polarstern to the Antarctic Peninsula region in 2018. Alfred 
Wegener Institute for Polar and Marine Research. [Available at: https://doi.org/10.2312/BzPM_0722_2018] 

Parks, S., Cusano, D., Stimpert, A., Weinrich, M.T., Friedlaender, A.S., Wiley, D. (2014). Evidence for acoustic communication among bottom 
foraging humpback whales. Sci. Rep. 4: 7508. [Available at: https://doi.org/10.1038/srep07508] 

Pérez‐Alvarez, M., Kraft, S., Segovia, N.I., Olavarría, C., Nigenda‐Morales, S., Urbán, R.J., Viloria‐Gómora, L., Archer, F., Moraga, R., 
Sepúlveda, M., Santos‐Carvallo, M., Pavez, G., Poulin, E. (2021). Contrasting phylogeographic patterns among Northern and Southern 
Hemisphere fin whale populations with new data from the Southern Pacific. Front. Mar. Sci. 8. [Available at: https://doi.org/10.3389/ 
fmars.2021.630233]  

Potvin, J., Cade, D.E., Werth, A.J., Shadwick, R.E., Goldbogen, J.A. (2021). Rorqual lunge‐feeding energetics near and away from the 
Kinematic Threshold of Optimal Efficiency. IOB 3(1): obab005. [Available at: https://doi.org/10.1093/iob/obab005] 

Rogers, L.J. (1989). Laterality in animals. Int. J. Comp. Psychol. 3(1): 5–25. 

IWC  |  A.N. Rychwalski & H. Herr: Lunge‐feeding behaviour in Southern Hemisphere fin whales  |  28

https://doi.org/10.1016/j.cub.2016.07.037
https://doi.org/10.1016/j.anbehav.2011.07.031
https://doi.org/10.1111/mms.12974
https://doi.org/10.1111/mms.12974
https://doi.org/10.1111/mms.12974
https://doi.org/10.1006/anbe.1995.0222
https://doi.org/10.1111/mam.12048
https://doi.org/10.1016/j.cub.2017.10.023
https://doi.org/10.1111/j.1365-2435.2011.01905.x
https://doi.org/10.1111/1365-2435.12395
https://doi.org/10.1111/1365-2435.12395
https://doi.org/10.1111/1365-2435.12395
https://doi.org/10.1038/s41598-022-13798-7
https://doi.org/10.1038/s41598-022-13798-7
https://doi.org/10.1038/s41598-022-13798-7
https://doi.org/10.1098/rsos.220721
https://doi.org/10.1016/j.bbr.2020.113083
https://doi.org/10.1016/j.bbr.2020.113083
https://doi.org/10.1016/j.bbr.2020.113083
https://doi.org/10.1371/journal.pone.0013787
https://doi.org/10.1007/s10071-015-0899-4
https://doi.org/10.1111/mms.12115
https://doi.org/10.1002/dev.21114
https://doi.org/10.2312/BzPM_0722_2018
https://doi.org/10.1038/srep07508
https://doi.org/10.3389/fmars.2021.630233
https://doi.org/10.3389/fmars.2021.630233
https://doi.org/10.3389/fmars.2021.630233
https://doi.org/10.1093/iob/obab005


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. Mar. Biol. 161: 2293–2305. [Available at: https://doi.org/10.1007/s00227‐014‐2506‐7] 

Segre, P.S., Cade, D.E., Calambokidis, J., Fish, F.E., Friedlaender, A.S., Potvin, J., Goldbogen, J.A. (2019). Body flexibility enhances 
maneuverability in the world’s largest predator. Integr. Comp. Biol. 59(1): 48–60. [Available at: https://doi.org/10.1093/icb/icy121] 

Segre, P.S., Gough, W.T., Roualdes, E.A., Cade, D.E., Czapanskiy, M.F., Fahlbusch, J., Kahane‐Rapport, S.R., Oestreich, W.K., Bejder, L., Bierlich, 
K.C., Burrows, J.A., Calambokidis, J., Chenoweth, E.M., Clemente, J., Durban, J.W., Fearnbach, H., Fish, F.E., Friedlaender, A.S., Hegelund, 
P., Johnston, D.W., Nowacek, D.P., Oudejans, M.G., Penry, G.S., Potvin, J., Simon, M., Stanworth, A., Straley, J.M., Szabo, A., Videsen, 
S.K.A., Visser, F., Weir, C.R., Wiley, D.N., Goldbogen, J.A. (2022). Scaling of manoeuvring performance in baleen whales: Larger whales 
outperform expectations. J. Exp. Biol. 225(5): jeb243224. [Available at: https://doi.org/10.1242/jeb.243224]  

Shadwick, R., Potvin, J., Goldbogen, J. (2019). Lunge Feeding in Rorqual Whales. Am. J. Physiol. 34(6): 409–418. [Available at: https://doi.org/ 
10.1152/physiol.00010.2019]  

Silber, G., Fertl, D. (1995). Intentional beaching by bottlenose dolphins (Tursiops truncatus) in the Colorado River Delta, Mexico. Aquat. 
Mamm. 21: 183–186. 

Swingle, M., Barco, S., Pitchford, T., Mclellan, W., Pabst, D. (1993). Appearance of juvenile humpback whales feeding in the nearshore 
waters of Virginia. Mar. Mammal Sci. 9: 309–315. [Available at: https://doi.org/10.1111/j.1748‐7692.1993.tb00458.x] 

Tershy, B., Wiley, D. (1992). Asymmetrical pigmentation in the fin whale: A test of two feeding related hypotheses. Mar. Mammal Sci. 8: 
315–318. [Available at: https://doi.org/10.1111/j.1748‐7692.1992.tb00416.x] 

Torres, L.G., Barlow, D.R., Chandler, T.E., Burnett, J.D. (2020). Insight into the kinematics of blue whale surface foraging through drone 
observations and prey data. PeerJ. 8: e8906. [Available at: https://doi.org/10.7717/peerj.8906] 

Vallortigara, G., Rogers, L. (2005). Survival with an asymmetrical brain: Advantages and disadvantages of cerebral lateralisation. Behav. 
Brain Sci. 28(4): 575–589. [Available at: https://doi.org/10.1017/S0140525X05000105]  

Viquerat, S., Waluda, C.M., Kennedy, A.S., Jackson, J.A., Hevia, M., Carroll, E.L., Buss, D.L., Burkhardt, E., Thain, S., Smith, P., Secchi, E.R., 
Santora, J.A., Reiss, C., Lindstrøm, U., Krafft, B.A., Gittins, G., Dalla Rosa, L., Biuw, M., Herr, H. (2022). Identifying seasonal distribution 
patterns of fin whales across the Scotia Sea and the Antarctic Peninsula region using a novel approach combining habitat suitability 
models and ensemble learning methods. Front. Mar. Sci. 9: 1040512. [Available at: https://doi.org/10.3389/fmars.2022.1040512]  

Ware, C., Wiley, D.N., Friedlaender, A.S., Weinrich, M., Hazen, E.L., Bocconcelli, A., Parks, S.E., Stimpert, A.K., Thompson, M.A., Abernathy, 
K. (2014). Bottom side‐roll feeding by humpback whales (Megaptera novaeangliae) in the southern Gulf of Maine, USA. Mar. Mammal 
Sci. 30: 494–511. [Available at: https://doi.org/10.1111/mms.12053] 

Woodward, B., Winn, J. (2006). Apparent lateralised behaviour in gray whales feeding off the Central British Columbia coast. Mar. Mammal 
Sci. 22: 64–73. [Available at: https://doi.org/10.1111/j.1748‐7692.2006.00006.x] 

Wursig, B., Thewissen, J.G.M., Kovacs, K. (2017). Encyclopedia of Marine Mammals. Elsevier. 
Zoidis, A.M., Lomac‐MacNair, K.S. (2017). A note on suckling behaviour and laterality in nursing humpback whale calves from underwater 

observations. Animals 7(7): 51. [Available at: https://doi.org/10.3390/ani7070051]  

 
©Authors. This is an open access article distributed under the terms of a Creative Commons License CC‐BY‐NC 4.0. 
Figures 1 & 2 ©BBC. 

IWC  |  J. Cetacean Res. Manage. 25, 2024  |  29

https://doi.org/10.1007/s00227-014-2506-7
https://doi.org/10.1093/icb/icy121
https://doi.org/10.1242/jeb.243224
https://doi.org/10.1152/physiol.00010.2019
https://doi.org/10.1152/physiol.00010.2019
https://doi.org/10.1152/physiol.00010.2019
https://doi.org/10.1111/j.1748-7692.1993.tb00458.x
https://doi.org/10.1111/j.1748-7692.1992.tb00416.x
https://doi.org/10.7717/peerj.8906
https://doi.org/10.1017/S0140525X05000105
https://doi.org/10.3389/fmars.2022.1040512
https://doi.org/10.1111/mms.12053
https://doi.org/10.1111/j.1748-7692.2006.00006.x
https://doi.org/10.3390/ani7070051
https://creativecommons.org/licenses/by-nc/4.0/deed.en


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


