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A B S T R A C T

Sperm whales are cosmopolitan in nature, but very little is known about their occurrence in the sub-Antarctic 
region. This study aimed to investigate the acoustic occurrence of sperm whales relative to environmental 
conditions and underwater noise around two sub-Antarctic Prince Edward Islands (PEIs) using passive acoustic 
monitoring data collected between early 2021 and early 2023. Sperm whale clicks were detected continuously 
throughout the study period with high presence of calls in February through August, highlighting the PEIs as an 
essential habitat with sufficient year-round prey for this species. Moreover, the February through August peak 
occurrence corresponds to the migration period of males from Antarctica to the low latitudes for mating. Diel 
vocalizing pattern revealed high nighttime vocalization that varied slightly between seasons. Wind speed was 
classified by the random forest model as the most important predictor of sperm whale acoustic occurrence, 
indicating possible masking and attenuation of whale signals by wind-induced noise and wind-induced air 
bubbles respectively. Generalized additive model showed that the probability of detecting sperm whale clicks 
decreased with increasing high frequency band (25001–48000 Hz) noise, reflecting a significant influence of the 
high frequency noise on this species’ ecology. This is the first study to document the acoustic presence of sperm 
whales around the sub-Antarctic PEIs, showcasing the capability of bioacoustics method to effectively study 
marine mammals that are rarely sighted. Sperm whales should be considered in the spatial management and 
conservation plans of the PEIs given their year-round presence in this region.

1. Introduction

Sperm whales (Physeter macrocephalus) are the largest of all toothed 
whales with a cosmopolitan distribution, and are generally found, but 
not exclusively, in waters deeper than 200 m (Best, 2007). Seasonal 
movement and migration of the species vary between sex and age 
composition of groups (Best, 1979, 2007). Adult female sperm whales 
(including calves and juveniles) move seasonally between low and 
mid-latitudes (i.e. between 40◦N and 40◦S) and rarely venture into polar 
regions (Matthews, 1938; Best, 1969, 1979, 2007). These females form 
matriarchal family groups termed clans or social units that practice 
alloparental care including babysitting (Best, 1979; Whitehead, 1996, 
2024). On the other hand, juvenile males form “bachelor herds” while 
older males are solitary and migrate between the low latitudes and polar 
regions for mating and feeding respectively (Matthews, 1938; Best, 
1969, 1979, 2007). Final destinations of males in the Southern Ocean 
are not fully known, with recent evidence indicating seasonal presence 
(Miller and Miller, 2018) while another study indicates year-round 

presence (Giorli and Pinkerton, 2023). Only one acoustic study on 
sperm whale presence exists in the sub-Antarctic region (Miller et al., 
2024), which found sperm whales from September through March. The 
current study reports on another location in the poorly studied 
sub-Antarctic region of the Southern Ocean, the Prince Edward Islands 
(PEIs).

The PEIs are located halfway between Antarctica and Africa (Fig. 1) 
and are part of the Southern Ocean in the southwestern Indian Ocean 
sector. Marion Island and Prince Edward Island collectively make up the 
PEIs archipelago. Due to the biological productivity around the PEIs, 
these islands are used by numerous seabirds, fishes, and marine mammal 
species as a breeding, foraging, overwintering, and year-round habitat 
(Reisinger et al., 2018; Shabangu et al., 2024a, 2024b; Shabangu et al., 
2025a). The PEIs are a multi-use zone marine protected area (MPA) 
declared in 2013, and this MPA consists of one sanctuary zone, four 
restricted zones, and controlled zones between restricted zones 
(Lombard et al., 2007). Only one fishery operates within the exclusive 
economic zone (EEZ) of the PEIs: the Patagonian toothfish (Dissostichus 

* Fisheries Management Branch, Department of Forestry, Fisheries and the Environment, Foreshore, Cape Town, South Africa.
E-mail address: fannie.shabangu@yahoo.com. 

Contents lists available at ScienceDirect

Marine Environmental Research

journal homepage: www.elsevier.com/locate/marenvrev

https://doi.org/10.1016/j.marenvres.2025.107805
Received 16 October 2025; Received in revised form 14 December 2025; Accepted 16 December 2025  

Marine Environmental Research 215 (2026) 107805 

Available online 17 December 2025 
0141-1136/© 2025 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license ( http://creativecommons.org/licenses/by- 
nc/4.0/ ). 

https://orcid.org/0000-0002-3668-3566
https://orcid.org/0000-0002-3668-3566
mailto:fannie.shabangu@yahoo.com
www.sciencedirect.com/science/journal/01411136
https://www.elsevier.com/locate/marenvrev
https://doi.org/10.1016/j.marenvres.2025.107805
https://doi.org/10.1016/j.marenvres.2025.107805
http://crossmark.crossref.org/dialog/?doi=10.1016/j.marenvres.2025.107805&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


eleginoides) longline fishery, which is managed by the South African 
Department of Forestry, Fisheries and the Environment using the 
Operational Management Procedure (Brandão and Butterworth, 2021). 
This PEIs’ Patagonian toothfish fishery management also considers 
conservation measures of the Commission for the Conservation of Ant
arctic Marine Living Resources (CCAMLR). Interactions and relation
ships between the Patagonian toothfish fishery and sperm whales in the 
PEIs have, to date, been studied only through visual sighting cues (Tixier 
et al., 2020). As such, there is a big knowledge about the acoustic 
ecology of sperm whales in this part of the Southern Ocean.

Sperm whales produce a variety of broadband (10 Hz–30 kHz; André 
et al., 2017) clicks (usual, slow, creaks/buzzes, and codas) that are used 
for communication and echolocation (e.g. Watkins and Schevill, 1977; 
Jaquet et al., 2001; Madsen et al., 2002; Oliveira et al., 2016; Sharma 
et al., 2024). Characteristics of communication-geared clicks, codas, 
that are emitted by both sexes, differ between allopatric sperm whale 
social groups, creating what is called vocal clans (e.g. Rendell and 
Whitehead, 2003; Whitehead, 2024). Codas contain important pertinent 
information specific to sperm whale social structure and behaviour 
(Whitehead and Rendell, 2004; Sharma et al., 2024; Whitehead, 2024). 
Slow clicks are specifically used by males for communication (Madsen 
et al., 2002; Oliveira et al., 2016). Echolocation clicks such as creaks and 
usual clicks (used by whales to zone in and capture prey) can be used by 
researchers to estimate the size or demography of vocalizing whales 
based on interpulse interval (e.g. Giorli and Goetz, 2020; Miller et al., 
2024; Westell et al., 2024). Additionally, both echolocation and 
communication clicks can be used to study the occurrence, movement, 
and habitat use of sperm whales in relation to environmental conditions 
and underwater noise (Whitehead and Rendell, 2004; Miller and Miller, 
2018; Shabangu and Andrew, 2020; Shabangu et al., 2022; Giorli and 
Pinkerton, 2023; Miller et al., 2024; Pöyhönen et al., 2024; Westell et al., 

2024).
Through this study, I aim to 1) estimate the acoustic occurrence of 

sperm whales, 2) determine the diel vocalizing pattern of sperm whales, 
3) determine the influence of environmental conditions on sperm whale 
acoustic occurrence, and 4) investigate the relationship between sperm 
whale acoustic occurrence and underwater noise around the sub- 
Antarctic PEIs.

2. Materials and materials

2.1. Acoustic data collection and processing

Passive acoustic monitoring data were collected halfway between 
Marion Island and Prince Edward Island, the Prince Edward Islands 
(Fig. 1), using a SoundTrap ST500 STD acoustic recorder (Ocean In
struments, New Zealand) that was deployed on an oceanographic 
mooring to study baleen whales (Shabangu et al., 2024b). The oceano
graphic mooring (setup of the mooring is described in Shabangu et al. 
(2024a)) was deployed at a water depth of ~167 m, and the acoustic 
recorder was positioned 5 m from the seafloor (Table 1). The acoustic 
recorder was set to record on a 28 % duty cycle and a sample rate of 96 
kHz over the two years (Table 1). The collected passive acoustic data 
were decimated from 96 to 9.6 kHz to improve the frequency resolution 
and the discrete Fourier transform (DFT) length of sounds when ana
lysing baleen whale calls (Shabangu et al., 2024b). These passive 
acoustic data were decimated using ‘PAMmisc’ package (Sakai, 2024) in 
R (version 4.4.1; R Core Team, 2024).

Passive acoustic data were analysed in Raven Pro (K. Lisa Yang 
Center for Conservation Bioacoustics, 2025) through visual review of 
spectrograms (Fig. 2) using a Hann window with a frame size of 0.487 s, 
90 % overlap, and DFT size of 8192 samples. Sounds of interest were 

Fig. 1. Position of the oceanographic mooring with the acoustic recorder (yellow circle) deployed between Marion Island and Prince Edward Island (PEI), comprising 
the Prince Edward Islands (PEIs). Inset map shows the PEIs (red rectangle) relative to South Africa (green shading on the African continent) and Antarctica. General 
Bathymetric Chart of the Oceans (GEBCO) bathymetry data were used (GEBCO Compilation Group, 2025). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.)
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reviewed aurally using Sony WH-CH700N wireless noise cancelling 
headphones. Decimated acoustic data were analysed up to 4.8 kHz to 
detect sperm whale clicks (Fig. 2) while allowing for sperm whale clicks 
to be differentiated from clicks of killer whales (Orcinus orca) that have 
peaks above 10–100 kHz (e.g. Au et al., 2004) and are sometimes pro
duced with social calls (Shabangu et al., 2024a). Specifically, the pres
ence of codas with 4 s interclick interval (Sharma et al., 2024) assisted 
with the attribution of clicks to sperm whales. Sperm whale clicks were 
not classified to types, but their presence was noted for acoustic 
occurrence determination. Southern right whale (Eubalaena australis) 
gunshot-like sounds (e.g. Shabangu et al., 2021, 2025b) were also found 
on this data set but could not be attributed to this species since these 
were detected as singlets and very seldom to confidently attribute them 
to a species and will not be reported on further in this study.

The acoustic occurrence of sperm whales was defined as the presence 
of clicks within a sampling session (i.e. 14 min per hour), which was 
used to represent the presence of whales during that hour. In turn, the 
presence of clicks per hour described the diel acoustic occurrence of 
whales. Information on the daylight regime at the PEIs were determined 
from the mooring location using the ‘suncalc’ package (Thieurmel and 
Elmarhraoui, 2022) in R. The same definitions of daytime, nautical 
twilight (dawn and dusk), and nighttime from Shabangu et al. (2024b)
are applied in this study. The data in this study were parsed using austral 
seasons where December through February represented summer, March 
through May represented autumn, June through August represented 
winter, and September through October represented spring.

2.2. Linking calls to the environment and noise

To establish relationships and interactions between the acoustic 
occurrence of sperm whales around the PEIs and the environment, 
including oceanographic conditions and ambient noise (i.e. acoustic 

ecology), a random forest (RF) model and generalized linear model 
(GLM) were applied.

2.2.1. Environmental conditions around the PEIs
The ecology, ocean circulation and nutrient cycling around the PEIs 

are driven by the variability of sub-Antarctic and Antarctic Fronts as 
these islands are located within the Southern Ocean Polar Frontal Zone 
(Rintoul, 2011). The island mass effect also contributes to the produc
tivity of the area around the PEIs (Lamont and Toolsee, 2022). 
Satellite-derived and reanalysis oceanographic data on sea surface 
temperature (SST; ◦C), sea surface height (SSH; m), chlorophyll-a (mg 
m− 3), and wind speed (m s− 1) from Shabangu et al. (2024b) for the same 
period as this study were used to define the environmental conditions 
around the PEIs. Shabangu et al. (2024b) used a 2◦ × 2◦ (222 × 156 km) 
quadrant centred over the mooring location to extract these data based 
on previous research that found a good correlation between 
satellite-derived and in situ data. Shabangu et al. (2021) estimated sperm 
whale clicks off the west coast of South Africa to have a maximum 
detection of 83 km, which falls within the 2◦ × 2◦ quadrant. Giorli and 
Pinkerton (2023) considered 30 km (with a maximum of 80 km) to be a 
more realistic range for their study site in the Ross Sea, which is also 
within the above quadrant. SST was applied in this study as a proxy for 
physical processes that influence primary biological productivity, SSH as 
an indication of ocean circulation, chlorophyll-a as an index of primary 
productivity and phytoplankton biomass, and wind speed as an indica
tion of ocean state.

2.2.2. Underwater noise level
Underwater noise level data at the acoustic recorder location from 

Shabangu et al. (2025c) is used in this study for the period April 2021 to 
December 2022, and data from January to April 2023 was unusable due 
to internal electrical noise from the acoustic recorder. However, this 

Table 1 
Specifics and settings of the SoundTrap (ST) autonomous acoustic recorder used to collect the passive acoustic data. Factory calibration sensitivity value of the HTI-96- 
MIN (High Tech Inc.) hydrophone is provided.

Latitude 
(◦S)

Longitude 
(◦E)

Water 
depth (m)

ST depth 
(m)

Sample rate 
(kHz)

Sampling 
protocol (min 
h− 1)

Duty 
cycle (%)

Hydrophone sensitivity 
(dB re 1 V/μPa)

Start recording date 
(dd/mm/yyyy)

End recording date 
(dd/mm/yyyy)

46.77 37.91 167 162 96 14 23 − 165 April 26, 2021 May 06, 2022
46.77 37.91 165 160 96 14 23 − 165 May 09, 2022 April 26, 2023

Fig. 2. Sperm whale clicks (eight-click coda and echolocation clicks) detected around the Prince Edward Islands (PEIs). Spectrogram parameters: 90 % overlap, Hann 
window, discrete Fourier transform (DFT) size of 2048 samples and window frame size of 0.145 s.
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noise did not impair the detection of the loud sperm whale clicks be
tween January and April 2023. Shabangu et al. (2025c) estimated noise 
levels within the low (20–120 and 121–800 Hz), medium (801–25000 
Hz) and high (25001–48000 Hz) frequency bands. Given the high cor
relation observed between frequency bands (Shabangu et al., 2022), the 
lowest (20–120 Hz) and highest (25001–48000 Hz) frequency bands 
were used to alleviate the correlation. Underwater noise levels were 
measured as equivalent continuous sound pressure level (dB re 1 μPa), 
which represented the average sound level over 14 min of each hour. 
Equivalent continuous sound pressure level is used here to represent the 
average unweighted sound pressure of a continuous time-varying signal 
from various sources (Shabangu et al., 2025c).

2.2.3. Fitting statistical models
The RF model (Breiman, 2001) was applied to investigate the rela

tionship between sperm whale acoustic occurrence and predictor vari
ables (month, hour, chlorophyll-a, SSH, SST and wind speed) over two 
years (April 2021 through April 2023). Shabangu et al. (2017, 2019)
found RF models to perform better than generalized boosted regression 
models and generalized additive models at investigating the acoustic 
occurrence of whales. As a result, the RF modelling approach was 
preferred and used in this study. Shabangu et al. (2024b) found no or 
low multicollinearity between the above predictor variables, and, as a 
result, all predictor variables were used in this study without reserva
tion. Following the big imbalance between the presence and absence of 
sperm whale clicks, four sample balancing methods were tested and 
compared with each other using the receiver operating characteristic 
area under the curve (ROC AUC) as a measure of model performance. 
The four sample balancing methods compared were 1) ADAptive SYN
thetic (ADASYN; He et al., 2008), 2) downsampling (Nallamuthu, 2020), 
3) Synthetic Minority Over-sampling TEchnique (SMOTE; Chawla et al., 
2002), and 4) upsampling (Nallamuthu, 2020). The ROC AUC scores 
indicated that upsampling method had better performance than other 
methods (Table 2), and this method was used hereon. 70 % and 30 % of 
the balanced data was used to respectively test and train the RF model as 
detailed in Shabangu et al. (2024a, b). The R package ‘randomForest’ 
(Liaw and Wiener, 2002) was utilized to fit the RF model. Altmann et al. 
(2010) permutation method was applied to determine statistically sig
nificant important variables. Significantly important predictors were 
informative whereas non-significant predictors were non-informative 
predictors although these are still important ecologically.

Acoustic detectability of sperm whales at various noise levels in the 
low and high frequency bands from April 2021 to December 2022 were 
investigated using GLMs (Dobson, 1990). The acoustic detectability of 
whales is the probability of whale calls to be detected by the acoustic 
recorder under various noise levels, and this detectability is influenced 
by masking, changes in whale vocalizing behaviour and the distance of 
vocalizing whales to the acoustic recorder. GLMs were fitted using the 
‘tidymodels’ package (Kuhn and Wickham, 2020) in R. Probability of 
detecting sperm whales at the recording location was quantified at 
different noise levels with a reference point of 0.5 at which this species’ 
probability of detection would decrease or increase considerably. All 

sampling balancing methods were used for GLMs due to similar per
formances of these methods (Shabangu et al., 2022, 2025c).

3. Results

3.1. Acoustic occurrence and environmental variability

Sperm whale clicks were detected throughout the recording period 
(in 697 out of 729 recording days and in 917 out of 4024 recorded 
acoustic data hours) with increased occurrence in February through 
August, and there were minor peaks in the rest of the remaining months 
(Fig. 3a). Codas, slow clicks, and echolocation clicks (Fig. 2) were 
detected from this acoustic data set. Whale acoustic occurrence and 
environmental variability are presented consecutively in Fig. 3 for easier 
comparison. SSTs above 6 ◦C were observed between January and April 
(mid-summer through mid-autumn) (Fig. 3b). SSH fluctuated between 
months with higher values in September 2021/2022 and January 2022 
(Fig. 3b). High daily chlorophyll-a concentration was found between 
November and early January (late spring to mid-summer). There were 
plenty of daily wind speed fluctuations between months (Fig. 3c). Sperm 
whale diel acoustic occurrence was mostly low after sunrise but high 
from late afternoon to early morning (15:00 to 01:00), and this trend 
varied between months (Fig. 4).

3.2. Responses to environmental and noise variation

Chlorophyll-a between 0.49 and 0.6 mg m− 3, late afternoon through 
early morning (15:00–01:00), February through August, SSH between 
0 and 0.08 m, SST at 6 and 7.6 ◦C and low wind speed (<8 m s− 1) had the 
highest influence on the acoustic occurrence of sperm whales (Fig. 5a). 
Wind speed was the most important predictor of sperm whale acoustic 
occurrence (Fig. 5b). Hour, SSH, chlorophyll-a and SST were moderate 
important predictors while month was the least important predictor of 
sperm whale acoustic occurrence (Fig. 5b). All predictor variables were 
significantly important, indicating that they are all informative pre
dictors. The probability of detecting sperm whale acoustic occurrence 
decreased with the increase in the high frequency band (25001–48000 
Hz) noise level (Fig. 5c). There were small changes in sperm whale 
detection probability with noise changes in the low (20–120 Hz) fre
quency band (Fig. 5c). Most of the probability of detecting sperm whales 
were below the 0.5 (50 %) reference level.

4. Discussion

This study provides the first description of sperm whale acoustic 
occurrence around the PEIs in relation to environmental conditions and 
variations in underwater noise. Sperm whales were acoustically present 
year-round, highlighting this area as an important habitat for this spe
cies and the vulnerability of this species to interaction with the fishery 
on its prey, Patagonian toothfish, operating within the PEIs’ EEZ. 
Knowledge and understanding of this species’ acoustic ecology will 
assist with the protection and management of this species relative to 
growing threats and changes in the ocean.

4.1. Acoustic presence around PEIs

Sperm whale clicks were detected year-round around the sub- 
Antarctic PEIs, reflecting this region as an important and useful 
habitat of this species. Based on the sub-Antarctic interpulse interval 
results of Miller et al. (2024), sperm whales detected here are likely 
males. Additionally, Best (2007) identified the sub-Antarctic area, 
including the PEIs, as one of the “male concentration areas in summer” 
in the Southern Ocean. The year-round presence of this species in this 
region is likely supported by the availability of enough prey resources to 
sustain them. For example, the Patagonian toothfish longline fishery 
around the PEIs operates throughout the year (December–November) 

Table 2 
Performance metrics of random forest (RF) models with different 
sample balancing methods. ROC AUC is for Receiver Operating 
Characteristic Area Under the Curve. ROC AUC score closer to 1 
represents an excellent performing model and score closer to 0 rep
resents a poor performing model. Boldfaced ROC AUC value repre
sents the chosen method.

Sample balancing method ROC AUC score

ADASYN 0.904
Downsampling 0.663
SMOTE 0.904
Unbalanced 0.684
Upsampling 0.918
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given the availability and abundance of fish (Brandão and Butterworth, 
2021). This year-round presence also corroborates results from the Ross 
Sea in the Southern Ocean (Giorli and Pinkerton, 2023). Tixier et al. 
(2020) estimated from fishery reported marine mammal surfacing cues 
that killer whales were more responsible for depredating Patagonian 
toothfish longlines around the PEIs than sperm whales; however, the 
results of this study show more acoustic presence of sperm whales than 
killer whales from Shabangu et al. (2024a). If these two cetacean species 
are always echolocating while foraging, then these results might 
necessitate the revisitation of the amount of fish removed from the 
longline fishery by these marine mammals. Sperm whale clicks have a 
longer maximum detection range (~80 km) than killer whales (~10 
km), which would have increased their probability of detection. Given 
the long-term presence of sperm whales around the PEIs, the nutritional 
needs of this species should be considered in the fisheries management 
plans of this area and the whole Southern Ocean.

The highest detection of sperm whale clicks around the PEIs was in 
February through August, which might indicate the transition of whales 
through the PEIs from Antarctica to the low latitudes. For example, Best 
(1969) observed an increased presence of Antarctic diatom film on the 
skins of medium-sized and large males off the west coast of South Africa 
between February and July as a sign of whale arrival from Antarctica. 
Moreover, this increased sperm whale detection corresponds to the 
acoustic presence of other whales such as blue, fin and humpback 
whales (Shabangu et al., 2024b). Off the sub-Antarctic Heard Island, 
Miller et al. (2024) detected sperm whale clicks intermittently between 
September and January but more continuously in February and March, 
which also corroborates whale movement to the low latitudes. On the 
other hand, Shabangu et al. (2024c) detected sperm whale clicks in 
December through February in the Eastern Antarctic (0–180 ◦E). Sperm 

whales were detected year-round in the Ross Sea, Southern Ocean, with 
high click detections in October through April (Giorli and Pinkerton, 
2023). Off the west coast of South Africa, sperm whales were acousti
cally present year-round with two high occurrences in February and 
August through October (Shabangu and Andrew, 2020). The above 
regional difference in the occurrence of sperm whales might be due to 
the movement and migration of these whales and different habitat oc
cupancy. Detection of sperm whale clicks at the water depth of 
approximately 160 m might have been enabled by the long-range 
propagation (maximum of ~80 km) of sperm whale clicks relative to 
the wide varying bathymetry around the PEIs, or an indication that these 
whales can occupy or venture into water depths shallower than 200 m.

The high late afternoon and nighttime hours diel vocalizing pattern 
of sperm whales around the PEIs led to the strong influence of these 
hours on the RF model sperm whale acoustic occurrence with nighttime 
hours having the highest impact. This observed behaviour might be 
associated with the diel vertical migration of this species’ prey, mostly 
deep-sea cephalopods and fish. This dominant nighttime acoustic pres
ence is different to the more daytime vocalization observed by previous 
studies in the Southern Hemisphere (Miller and Miller, 2018; Shabangu 
and Andrew, 2020; Giorli and Pinkerton, 2023). The more nighttime 
acoustic vocalization might be to avoid detection by and competition 
with killer whales that vocalized more during the day around the PEIs 
(Shabangu et al., 2024a) as sperm whales have been found to respond 
negatively to sounds of predatory killer whales (Miller et al., 2022). The 
acoustic occurrence of sperm whales observed in this study is different 
from that of killer whales reported by Shabangu et al. (2024a), further 
validating the classification of these clicks to sperm whales. Eight-click 
codas detected here (Fig. 2) are similar to those detected from April 
through December in Mauritius, southwestern Indian Ocean (Huijser 

Fig. 3. (a) Number of hours per day with sperm whale clicks and (b, c) daily trends of environmental conditions around the Prince Edward Islands (PEIs). Grey 
shaded areas signify periods without passive acoustic monitoring effort. Font colour of month denotes the season of each month where purple is for autumn, black is 
for winter, light blue is for spring, and red is for summer. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version 
of this article.)
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et al., 2020), which might indicate movement of animals between these 
locations and/or similar vocal social structure. A detailed acoustic 
research on the social structure and demography (through interpulse 
interval measurements) of whales around the PEIs is recommended in 
the future.

4.2. Acoustic ecology of sperm whales

Sperm whale acoustic occurrence was highly influenced by wind 
speed, indicating the strong influence of this variable on the physics of 
call propagation and the ecology of the species. Off the west coast of 
South Africa, diel and seasonal cycle changes were more important than 
environmental variation in predicting sperm whale vocal activity 
(Shabangu and Andrew, 2020). This difference in the key predictors of 
acoustic occurrence suggests that this species may exhibit 
region-specific acoustic adaptations. Killer whale acoustic occurrence 
around the PEIs was also highly predicted by wind speed (Shabangu 
et al., 2024a). In contrast, the occurrence of baleen whales was highly 

predicted by month and SST (Shabangu et al., 2024b). This wind speed 
influence on toothed cetaceans might be due to their high frequency 
calls being easily attenuated by wind-induced sea surface air bubbles 
and masked by wind-induced noise (Lurton, 2002; Shabangu et al., 
2014, 2022, 2025c). Future climate-driven changes in wind speed will 
definitely affect this species acoustic ecology. Productivity-related pre
dictor variables such as SSH, chlorophyll-a and SST had similar mod
erate variable importance on sperm whale occurrence, which further 
cements the dominance of wind speed in predicting this species’ acoustic 
occurrence. Seasonal cycle changes captured by month were the least 
important predictor of sperm whale occurrence since whale calls were 
present throughout the year and were least influenced by seasonality.

The probability of detecting sperm whales decreased with the in
crease in high frequency band noise level but showed little response to 
low frequency band noise change, which suggests that the high fre
quency noise predicted by iceberg volume (Shabangu et al., 2025c) 
affected the propagation of their calls. On the contrary, sperm whale 
acoustic detectability off the west coast of South Africa responded to 

Fig. 4. Diel acoustic occurrence of sperm whales over different months during the study period. White shaded areas represent periods without passive acoustic 
monitoring effort. Month font colours represent seasons: red = summer, purple = autumn, black = winter, and blue = spring. Universal Coordinated Time (UTC) is 
used. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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both low and high frequency bands in the presence of vessel traffic 
(Shabangu et al., 2022). As off the west coast of South Africa, most of the 
probability of detecting sperm whales at the PEIs was below 50 %, 
indicating the high influence of underwater noise on this species’ 
acoustic ecology.

5. Conclusion

Sperm whales were present acoustically for the whole study period 
with their presence mainly predicted by changes in wind speed. The 
peak in sperm whale acoustic occurrence corresponds to the northward 
migration of whales to the low latitudes, indicating that whales are 
transiting through this area. Acoustic detectability of whales was not 
influenced by low frequency band noise in the absence of vessel traffic 
but by high frequency band that corresponds to their vocalizing fre
quency and noise dominated by iceberg volume. Whales vocalized more 
from late afternoon to early morning with some minor seasonal varia
tions, and whales detected here are possibly males based on their dis
tribution. The detection of sperm whale echolocation clicks in this study 
suggests that these whales may be feeding around the PEIs and are 
involved in the depredation of Patagonian toothfish longline fishery 
catches. Sperm whales are the eighth cetacean species to be detected 
around the PEIs, which underscores and emphasises this region as a 
productive and high-diversity habitat for cetaceans in the Southern 
Ocean. Future management and conservation strategies of the PEIs 
should consider and include the ecological importance and needs of this 
species. Lastly, passive acoustic monitoring reveals the consistent pres
ence of another marine mammal species that is rarely sighted in the 
vicinity of the PEIs.
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