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Abstract
The Kerguelen Plateau in the south-eastern Indian Ocean is one of the most isolated and understudied regions on earth. As 
part of the Kerguelen Plateau Drifts project, Marine Mammal Observer (MMO) data were collected during a seismic survey 
in the austral summer (January–February 2020). Relationships between observation effort, cetacean sightings, seismic opera-
tions, and oceanographic variables—including bathymetry (depth and slope), nutrient concentrations, and indices of primary 
productivity—were investigated using Generalized Additive Models (GAMs). In total, 354 h and 45 min of observation effort 
resulted in 191 cetaceans (178 adults and at least 13 juveniles) of nine species observed on 48 occasions, over 14 days along 
the transect line. Marine mammal sightings occurred in water depths of 624–4699 m, with a hotspot of sightings recorded 
along the northern flank of the Kerguelen Plateau, in proximity to shelf edges. There was one sighting of a mixed pod of 
Kerguelen Commerson’s dolphins (Cephalorhynchus commersonii kerguelenensis) and dusky dolphins (Lagenorhynchus 
obscurus), which to the best of our knowledge, is the first confirmed sighting of dusky dolphins in the Kerguelen Islands. Of 
the nine cetacean species observed, no niche separation was apparent, and all species were observed throughout the survey 
area. Dissolved oxygen and chlorophyll-a were the most significant predictors of cetacean occurrence. Systematic MMO data 
combined with synoptic satellite-derived/empirical oceanographic metadata have great potential to facilitate understanding 
of behaviour, geographical range, and population-status monitoring of cetaceans. This is especially important for cetacean 
stock assessment and minimising potential acoustic disturbance in Antarctic ecosystems.
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Introduction

The Kerguelen Plateau is the largest volcanic mesa in the 
southern Indian Ocean, rising more than 2000 m above the 
surrounding ocean basin, and covering an area of 1.25 mil-
lion  km2 (Bénard et al. 2010). The Plateau forms a natural 
barrier to the eastward-flowing Antarctic Circumpolar Cur-
rent (ACC), causing complex upwelling circulation within 
the waters surrounding the shelf region (Belkin et al. 1996; 
Deacon 1982; Roquet et al. 2009). A fracture in the Plateau 
between its northern and southern sections, creates a strong 

north-westerly flow generated by tidal-current-bottom inter-
actions in the opposite direction to the ACC (Roquet et al. 
2009). This oceanographic phenomenon causes upwelling 
of dissolved nutrients, including, inter alia, nitrate  (NO3), 
phosphate  (PO4), and iron (Fe), which are thought to origi-
nate from subsurface Antarctic-shelf sediments (Schal-
lenberg et al. 2018). These processes (and in particular the 
abundance of Fe at the Antarctic Convergence, where cold 
Antarctic water flowing north meets warmer Indian Ocean 
water) cause high phytoplankton concentrations in the south-
eastern region of the Plateau (Tagliabue et al. 2014). Such 
elevated rates of primary productivity render the Kerguelen 
Plateau one of the most biologically productive oceanic hab-
itats on earth (Bestley et al. 2020; Park et al. 2008b). This 
attracts various species of cetacean, which migrate annually 
from tropical and subtropical breeding/wintering grounds to 
the predictable, productive, and persistent Antarctic forag-
ing ground during the austral summer (Bestley et al. 2019; 
Robineau and Duhamel 2006).
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Compared to the northern hemisphere, Southern Ocean 
cetaceans remain relatively understudied because of the 
area’s remoteness and extreme weather conditions. Conse-
quently, there is still an incomplete picture of the role the 
region’s oceanographic features play in determining ceta-
cean-distribution patterns (Gasco et al. 2019; Tynan 1997). 
One of the first studies was performed by Tynan (1997), 
who reported higher cetacean densities alongside the south-
ern edge of the Plateau and northern flank of the Princess 
Elizabeth Trough—both locations of which coincide with 
presence of ACC fronts. Thiele et al. (2000) observed ceta-
ceans along the eastern flank of the Kerguelen Plateau, 
including in the area identified by Tynan (1997). Sperm 
whales (Physeter macrocephalus) tended to aggregate on 
the Antarctic continental slope and along the southern edge 
of the Kerguelen Plateau, in proximity of the mouth of the 
Ross Sea at depths of 3,000–4,000 m (Matsuoka et al. 2005; 
Robineau and Duhamel 2006; Tixier et al. 2019). Baleen, 
beaked, and pilot whales, as well as delphinids, have also 
been reported in this area (Bombosch et al. 2014; Fontaine 
et al. 2015; Gedamke et al. 2007; Robineau and Duhamel 
2006; Royer et al. 2015). More recently, Bestley et al. (2019) 
used humpback whale (Megaptera novaeangliae) satellite-
tracking data to discover a focal feeding area at the southern 
Kerguelen Plateau during austral spring and early summer, 
in a western boundary current, where a sharp northward turn 
and retroflection of ocean fronts occurs along the eastern 
Plateau edge. This area’s productivity and abundance of 
marine mammals have caused the region to be declared a 
Marine Mammal Protection Area (MMPA) by the IUCN 
MMPA Task Force (2021)

Based on the Antarctic Treaty System, seismic survey 
activities in the Southern Ocean are confined to open access 
academic research in the austral summer under the auspices 
of the Scientific Committee of Antarctic Research (Breitzke 
2006). All scientific or commercial surveys that introduce 
anthropogenic noise into the marine environment are sub-
ject to their respective Government’s regulatory permit 
applications based on specific guidelines or law. For this 
study, these were presided by the Australian Government 
(Australian Government 2008, 2019; LGL 2019). Cetaceans 
are protected in Australian waters under the Environmen-
tal Protection and Biodiversity Conservation (EPBC) Act 
1999, and, in particular, the EPBC Act Policy Statement 
2.1 Interaction between offshore seismic exploration and 
whales which states that ‘[Industry guidelines must] make 
provision to reduce injury and disturbance to cetacean spe-
cies that may be more sensitive to underwater noise in the 
low-frequency range of seismic airguns, i.e., baleen whales 
and larger toothed whales’. To effect such guidelines, the 
majority of cetacean-detection studies, regardless of their 
commercial or scientific nature, rely on use of trained, 
qualified, and experienced scientific observers (e.g., Gasco 

et al. 2019) called Marine Mammal Observers (MMOs), 
and sometimes also Passive Acoustic Monitoring Opera-
tors (PAMOs) and Marine Mammal and Seabird Observers 
(MMSOs)—see Todd et al. (2015) for a detailed description 
of these roles. Unfortunately, most observers are contracted 
only to perform monitoring during short periods before acti-
vation of the sound source, which means that effort data over 
the entire duration of a survey can be as little as a few hours, 
and is often not recorded, rendering data unsuitable for sci-
entific research. Watches outside these mandatory monitor-
ing periods are contingent on enthusiasm of observers, or 
the nature of their employer (e.g., University/commercial 
entity). Moreover, mitigative sighting or acoustic-detection 
data are often proprietary, i.e., subject to Non-Disclosure 
Agreements (NDAs), and are thus confined to commer-
cially sensitive cruise reports. Consequently, publication of 
these data is reliant on highly motivated MMOs requesting 
release from NDA to publish findings in their own time, 
which means that only a handful of commercial-survey data 
see ‘the light of day’ (e.g., de Boer 2010; de Boer 2015; 
Ruffert et al. 2020; Todd et al. 2020; Todd et al. 2013; Todd 
et al. 2009; Todd et al. 2016; Weir 2007, 2008a, b, 2010, 
2011). Nonetheless, if surveys are performed in a scientifi-
cally robust manner, MMO data (especially when combined 
with synoptic satellite-derived or empirical oceanographic 
metadata) have great potential to facilitate understanding of 
behaviour and geographical range of cetaceans, especially 
in remote locations. To achieve this, we analysed MMO, 
and incidental seabird sightings data obtained during a sci-
entific geophysical research survey in the Kerguelen waters, 
and investigated relationships between cetacean-distribution 
patterns and oceanographic/environmental features specific 
to the area.

Materials and methods

Timing and location

The scientific geophysical survey ‘SO272’ was conducted in 
the vicinity of the Kerguelen Plateau, southern Indian Ocean 
(Fig. 1), between 15 Jan 2020 and 03 Mar 2020. SO272’s 
primary geological aim was to investigate sedimentary struc-
tures using high-resolution-reflection seismology combined 
with geological sampling (Uenzelmann-Neben 2020; Uen-
zelmann-Neben and Westerhold 2020). Data were collected 
from the 116-m Research Vessel (RV) Sonne. According to 
cetacean permit ‘2019–0007’ issued by the Department of 
Environment and Energy, Australia (Richardson 2019), the 
survey was permitted to deploy a seismic source comprising 
a maximum of four Generator-Injector (GI) airguns with a 
total combined volume of 600  in3 (ca. 9.6 l). The permit 
specified an allowable combined zero-to-peak Source Level 
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(SL) of 238 dB re 1 μPa2s @ 1 m, and peak-to-peak SL of 
241 dB re 1 μPa2s @ 1 m.

As part of survey SO272, marine mammal mitigation 
measures were enforced with MMOs and/or Passive Acous-
tic Monitoring (PAM) during seismic operations from 27 
Jan 2020 to 16 Feb 2020, in adherence with the cetacean 
permit (Richardson 2019); however, voluntary observations 
outside these periods were also performed (see MMO & 
seabird data). Due to very few detections, PAM data are not 
presented.

Visual-observation effort included a transect line from 
south of Port Louis, Mauritius from World Geodetic Sys-
tem (WGS’84) 22°5′ S, 55°37′ E, to the south-eastern 
flank of the Kerguelen Plateau (58°27′ S, 83°37′ E), as 
well as beginning of the return transit to Cape Town, 
South Africa (42°43′ S, 69°31′ E); however, this was 
halted due to poor weather.

Fig. 1  Sighting locations of cetaceans (n = 48) along transect line (middle) with enlarged map of seismic survey (right) and map of Indian Ocean 
inset (left) for localisation. Arrows indicate direction of vessel travel. Coordinates in WGS’84
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Marine mammal observer and seabird data

Marine mammal visual-sightings data were collected from 
RV Sonne during daylight periods (dawn till dusk) during 
both seismic and no seismic (e.g., transit) activity, and 
in all weather conditions. There were extended hours of 
daylight during the austral summer (approximately 22:30 
to 15:00 Universal Time Coordinated, UTC), so dedicated 
MMOs were augmented by an additional four scientists 
from the vessel. These ‘assistants’ were trained in obser-
vation techniques by the dedicated MMOs, to ensure 
presence of two observers on constant watch, apart from 
designated breaks, with at least one observer being one 
of the experienced dedicated MMOs. Additional watches 
were conducted by the two MMOs during transit outside 
of Australian waters.

MMOs surveyed for presence of all marine mammals 
using both naked eye and reticle (7 × 50) binocular searches. 
Observations were conducted predominantly from the exter-
nal observation deck 22 m Above Mean Sea Level (AMSL). 
During bad weather, observations were also performed from 
the bridge at 20 m AMSL. Marine mammals were identified 
to lowest taxonomic rank using various identification guides 
(e.g., Carwardine 2006; Folkens et al. 2011; Jefferson et al. 
2015; Reeves et al. 2008; Shirihai and Jarrett 2006), and 
reticles were used to estimate distance.

Dedicated seabird surveys were not performed, but since 
birds are often associated with cetacean presence (Evans 
1982; Veit and Harrison 2017), sightings were categorised as 
‘frequent’ (multiple individuals sighted nearly daily, major-
ity of photos), ‘common’ (sighted often, multiple photos), 
or ‘rare’ (sighted only a few times). Birds were identified to 
lowest taxonomic rank using various guides (e.g., Drew et al. 
2015; Gasco et al. 2015; Howell and Zufelt 2019).

Photographs of both marine mammals and seabirds were 
taken when possible, using Digital Single Lens Reflex 
(DSLR) cameras (Nikon D5300 and Canon 700D), as well 
as a Panasonic DMC-FZ1000.

Visual-observation and survey-effort data were recorded 
during active marine mammal observation, in daylight hours, 
on pre-printed forms of the Cetacean Sighting Application 
(CSA) and later transferred into the digital application. 
Data, including date, time, type of effort, survey line, lati-
tude and longitude (WGS’84), seismic-source activity, ves-
sel speed and heading, as well as depth were recorded from 
the onboard system ‘DShip’ a minimum of once every hour 
or upon any change in seismic activity, sighting, or signifi-
cant environmental change (e.g., visibility changes through 
fog, rain, glare). Environmental conditions, including wind 
direction, wind speed, Beaufort sea state, swell, visibility, 
glare, and precipitation were also recorded, as prevailing sea 
and environmental conditions affect ability to detect marine 
mammals (Buckland et al. 2001).

Each marine mammal sighting was recorded on individ-
ual CSA sighting forms, noting survey information (e.g., 
survey line, vessel and source activity, mitigative measures), 
as well as identification information in line with Stone et al. 
(2019), including sighting cue, initial observation method, 
species category, and animal count (adults and juveniles), 
combined with confidence level of identification, and count 
certainty. Sightings data also included latitude and longi-
tude, distance and bearing, general behaviour of the animal, 
as well as environmental data at the time of the sighting. 
Animal behaviour was defined as ‘swimming’ when ani-
mals were observed travelling with consistent directional-
ity, ‘milling’ when travel speed was low and directionality 
variable, and ‘spy hopping’ when individuals were rising 
head-first out of the water in a vertical orientation.

Australian Government (2008) standard mitigation pro-
cedures were followed. Whales—defined on the permit as 
‘baleen whales, and larger toothed whales, such as, sperm 
whales, killer whales, false killer whales, pilot whales 
and beaked whales’—entering the observation zone were 
tracked; however, no mitigative action was taken until the 
animal approached the 2000-m low-power zone, defined 
by the Australian Government (2008) as ‘2 km horizontal 
radius from the acoustic source and required for all received 
acoustic signals exceeding 160 dB re 1 µPa2 s for 95% of the 
time at 1,000-m distance from the acoustic source’. When 
an animal of interest entered the low-power zone, the seis-
mic source was reduced to minimum, i.e., powered down 
to a single active airgun. This occurred even in instances 
where airguns were firing at full power. When an animal 
entered the 500-m shut-down zone, the seismic source was 
shut down completely. A soft-start (ramp-up) of the acous-
tic source was authorised once the animal had left the low-
power zone, or after 30 min had elapsed since last sighting 
within this zone, to allow the animal to depart the area. On 
occasions when the seismic source had been powered down 
or shut down already (e.g., in the case of a line change), 
the soft-start was delayed until the animal had left the low-
power zone or after 30 min had elapsed since last sighting 
within this zone (as described above).

Oceanographic data

Environmental data were extracted from the onboard 
‘DShip’ archive server system to complement observation 
records, including relative wind speed. Summaries of envi-
ronmental data were calculated using Excel (Microsoft 365 
Business v.2006).

Bathymetry data of the study area were downloaded as 
GeoTIFF format from the General Bathymetric Chart of the 
Oceans download application (GEBCO 2020), and depth 
of each location monitored and recorded by MMOs on the 
CSA forms was extracted. Slope (0 to 90°) was calculated 
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from bathymetry using the Spatial Analysis tool function in 
QGIS (Desktop v3.12.0).

Modelled oceanographic data were obtained from 
Copernicus Marine Service (Copernicus 2020). The data-
set GLOBAL_ANALYSIS_FORECAST_PHYS_001_024 
(NEMO version v3.6_STABLE) was downloaded in 
NetCDF format at daily frequency for the study period and 
included concentrations of environmental parameters in 
seawater: chlorophyll-a (mg  m−3, Chl-a), phytoplankton 
(mmol carbon  m−3, PHYC), dissolved oxygen (mmol  m−3, 
 O2), nitrate (mmol  m−3,  NO3), phosphate (mmol  m−3,  PO4), 
silicate (mmol  m−3,  SiO4

4−), dissolved iron (mmol  m−3, 
Fe), net primary productivity (PP) of biomass (mg carbon 
 m−3  day−1), surface partial pressure of carbon dioxide (Pa, 
 SPCO2), and sea water pH reported on the Total Scale (pH). 
Data included 50 levels of vertical coverage from – 5500 
to 0 m; however, only surface data were used for statistical 
analysis.

Data analysis

All environmental and oceanographic data were combined 
with effort and sighting records. Statistical analysis using 
Generalized Additive Models (GAMs) with package mgcv 
(Wood 2011) was performed in R version 3.5.1. (R Core 
Team 2018) to investigate patterns in marine mammal occur-
rence. Presence (1) and absence (0) were the response vari-
ables. Limited numbers of sightings were recorded for each 
species; therefore, all species were grouped together for the 
purpose of analysis. Explanatory variables included depth 
(m), slope (°), Chl-a, PHYC,  O2,  NO3,  PO4,  SiO4

4−, Fe, PP, 
 SPCO2, and pH. Correlation between environmental vari-
ables was investigated, with parameters exceeding 0.7 corre-
lation (included) being excluded from analysis. All possible 
uncorrelated combinations of variables were tested, and the 
best, i.e., model with lowest Akaike Information Criterion 
(AIC), was selected (Akaike 1973). A binomial distribution 
and maximum likelihood were used. Thin plate regression 
splines were used for all variables and the number of knots 
was left unspecified. Auto-correlation function (ACF) plots 
were used to investigate autocorrelation, which was not 
detected; therefore, mixed models were not used.

The best model was used to predict marine mammal 
presence across the entire area on a 0.25° × 0.25° grid using 
mean environmental conditions for the study period in each 
cell. To avoid prediction over areas with unsampled habitats 
(extrapolation; e.g., modelling over deeper/shallower regions 
than surveyed), histograms of environmental data from sam-
pled regions were generated and used to constrain the envi-
ronmental data used for prediction (Bedia et al. 2013; Bell 
and Schlaepfer 2016; Perrin 1904; Williamson et al. 2016), 
an approach which resulted in predictions covering solely 
depths between 500 and 6000 m. Spatial prediction maps of 

cetacean presence were created in QGIS (QGIS Develop-
ment Team 2020).

Results

Survey effort and environmental conditions

A total of 354 h 45 min of visual marine mammal moni-
toring were recorded along the transit route and within the 
zone of seismic activity over 35 days from 18 Jan 2020 to 
21 Feb 2020, covering the area between north and southeast 
of the Kerguelen Islands (Fig. 1). On average, 11 h 32 min 
of visual observation were recorded per day. In total, 18 
seismic lines, including 12-line changes, were monitored 
by both MMOs. The seismic source was at full power for 
371 h 34 min, powered down to minimum pressure for 09 h 
12 min, and at soft-start for 08 h 39 min (some periods were 
during night or low visibility when visual observations were 
not possible and PAM was used).

During the 10-day transit period (i.e., outside the seis-
mic survey area), opportunistic MMO watches occurred in 
‘good’ weather conditions with Beaufort sea states ≤ 4. Vis-
ibility was predominantly good (> 5 km) with no precipita-
tion, and swell medium (< 2 m), amounting, on average, to 
05 h 20 min effort per day.

During the 21-day seismic survey period, 47% of dedi-
cated MMO watches occurred in sub-optimal weather con-
ditions with a Beaufort wind force 6–7 (10.29–15.43 m/s). 
Visibility was predominantly good (> 5 km, 63%), with 
no precipitation for 82% and swell medium (2–4 m, 68%). 
Observations were hindered 32% of the time by a combina-
tion of environmental factors, including poor visibility, high 
sea state, high wind, and glare.

Species sightings

MMOs surveyed for all marine mammals; however, only 
cetaceans were detected. A total of 191 cetaceans (178 
adults and at least 13 juveniles) were observed on 48 occa-
sions, over 14 days along the transect line (Fig. 1, Table 1). 
In total, 25 sightings amounted to nine species, and one to 
genus level (Globicephala sp., pilot whale). Of these spe-
cies, fin whale (Balaenoptera physalus) was identified most 
frequently with seven sightings, followed by hourglass dol-
phin (Lagenorhynchus cruciger) with five sightings. Figure 2 
presents a sample of pictures of cetaceans sighted during 
the project.

Sightings were recorded in water depths of 624–4699 m 
and to a maximum distance of 4.6 km from the vessel, 
although, most positive identifications were within 2 km 
of the vessel. Total sighting duration amounted to 09 h 
21 min, with an average duration of 12 min per sighting. 
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The longest sighting (fin whale) lasted 02 h 52 min. Animal 
behaviour was most often defined as ‘swimming’ (71%), 
followed by ‘milling’ (21%). On one occasion, pilot whales 
were observed ‘spy hopping’. One sighting comprised a 
mixed pod of dusky (Lagenorhynchus obscurus; Fig. 2b) 

and Kerguelen Commerson’s dolphin, Cephalorhynchus 
commersonii kerguelenensis.

Twelve sightings warranted active mitigation, with the 
acoustic source requiring shut down on four occasions, pow-
ering down to minimum five times, and soft-start delay three 
times.

A total of 17 species of seabirds were identified (Table 2; 
Fig. 3). Species observed most frequently were the wander-
ing albatross (Diomedea exulans), black-browed albatross 
(Thalassarche melanophris), white-chinned petrel (Procel-
laria aequinoctialis), and brown skua (Stercorarius antarcti-
cus). Photography was possible for all species apart from the 
yellow-nosed (Thalassarche carteri) and shy albatross (Tha-
lassarche cauta), which were only identified on-site using 
binoculars. Wandering (Fig. 3g) and black-browed albatross 
(Fig. 3h) were observed regularly in proximity to surfacing 
baleen whales.

Marine mammal distributions

The best model (lowest AIC) for presence/absence of 
cetaceans in the study area contained  O2 and Chl-a 

Table 1  Overview of cetacean sightings ordered alphabetically by common name, including International Union for the Conservation of Nature 
(IUCN) Red List classification

Superscript letters (a–l) refer to photos in Fig. 2

Common name Species name Sightings (n) Total sight-
ing duration 
(hh:min)

Juveniles (n) Total 
individu-
als (n)

Water depth range 
(m)

IUCN Red List 
classification

Antarctic minke 
 whalea

Balaenoptera bonae-
rensis

3 00:04 – 4 2175–3065 Near threatened

Dusky  dolphinb Lagenorhynchus 
obscurus

1 00:01 – 7 4100

Fin  whalec Balaenoptera 
physalus

7 03:33 1 11 624–4655 Vulnerable

Hourglass  dolphind Lagenorhynchus 
cruciger

5 00:08 – 37 624–3464 Least concern

Humpback  whalee Megaptera novaean-
gliae

1 00:01 – 1 3419 Least concern

Kerguelen Commer-
son’s dolphin

Cephalorhynchus 
commersonii ker-
guelenensis

1 00:01 – 2 4100 Unknown

Long-finned pilot 
 whalef (southern 
subspecies)

Globicephala melas 
edwardii

3 01:16 10 89 1667–4696 Least concern

Pilot  whaleg Globicephala sp. 1 00:01 – 9 3586 N/A
Sei  whaleh Balaenoptera 

borealis
2 00:10 – 2 3031–3779 Endangered

Southern bottlenose 
 whalei

Hyperoodon plani-
frons

1 00:38 – 3 2606 Least concern

Unidentified baleen 
whale

Mysticeti 22 03:28 – 33 1581–4699 N/A

Unidentified dolphin Cetacea 1 00:01 2 2 1192 N/A
Total 48 09:21 13 191 624–4699

Fig. 2  Examples of marine mammal sightings recorded on survey 
SO272 ordered alphabetically (not taxonomically) by common name
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concentrations, and power-source-activation mode (Fig. 4). 
The power mode ‘soft-start’ had to be removed due to lack 
of data. Whilst sightings were higher when the seismic 
source was off, the area of highest cetacean density was out-
side the study area, and was only traversed when the source 
was off, which potentially biased this result. The best model 
explained 28.1% of variation. Maximum sightings for con-
centrations of Chl-a were recorded at 0.4–0.5 mg  m−3 and 

for  O2 at 300–320 mmol  m−3 or 9.60–10.24 g  m−3, resulting 
in a horizontal band of higher expected presence at ca. 50° 
S (Fig. 5).

Discussion

Relationships between 48 sightings of 191 individuals com-
prising nine species, and a suite of oceanographic variables 
revealed that high concentrations of Chl-a and dissolved  O2 
accounted for increased presence of cetaceans in the waters 
surrounding the Kerguelen Plateau, with a hotspot on the 
northern shelf of the plateau. The study also found the first 
known reported incident of a Kerguelen Commerson’s dol-
phin travelling with dusky dolphins. This was also, the first 
confirmed report of dusky dolphins in the Kerguelen Islands 
(Würsig et al. 2010).

Species sightings

Of the 18 individual sightings of four species of baleen 
whale (Antarctic minke, Balaenoptera bonaerensis; fin; 
humpback; and sei, B. borealis), the fin was sighted most. 
This is expected for this cosmopolitan species, which occurs 
in tropical to polar regions in all major oceans (Aguilar and 
García-Vernet 2018). Fin whales tend to inhabit pelagic 
rather than the continental shelf/slope areas, and have been 
recorded in the deep, cold waters of the southern Indian 
Ocean, including the Kerguelen Plateau (Gedamke et al. 
2007; Leroy et  al. 2018; Royer et  al. 2015), generally 
from the austral autumn (March–May) to spring (Septem-
ber–November), with a peak in detections during austral 
winter, i.e., June–August (Leroy et al. 2018). This study 
confirms the importance of the area for fin whales.

Antarctic minke whale are also common in the Southern 
Ocean (Bombosch et al. 2014; Perrin et al. 2018; Tamura 
and Konishi 2009), including the Kerguelen Plateau (Rob-
ineau and Duhamel 2006). A more neritic species than fin 
whales, they also extend beyond the continental slope into 
deeper waters (Perrin et al. 2018). Tynan (1997) recorded 
the majority (ca. 74%) of sightings near the southern edge 
of the Kerguelen Plateau, presumably capitalising on prey 
abundance associated with productive upwelling phenom-
ena. In the southern hemisphere, this species is recorded 
primarily in the austral summer, i.e., December–February 
(Perrin et al. 2018).

Like fin, the sei whale is a widely distributed species 
inhabiting oceanic, offshore waters of all major oceans 
(Horwood 2009); however, in the southern hemisphere, their 
distribution extends rarely as far south as that of fin and 
Antarctic minke, preferring areas between the sub-tropical 
and Antarctic convergences, though as in this study, this 

Table 2  Overview of seabird species recorded during SO272 Ker-
guelen expedition in the Southern Ocean

Superscript letters (a–o) refer to photos in Fig. 3

Common name Scientific name Sighting frequency

Adélie  penguina Pygoscelis adeliae Common
Black-browed 

 albatrossb
Thalassarche melano-

phris
Frequent

Brown  skuac Stercorarius antarcti-
cus

Common

Cape  petreld Daption capense Common
Grey-headed  albatrosse Thalassarche chrys-

ostoma
Rare

Light-mantled 
 albatrossf

Phoebetria palpebrata Common

Macaroni  penguing Eudyptes chrysolophus Rare
Northern giant  petrelh Macronectes halli Frequent
Prioni Pachyptila sp. Frequent
Shy albatross Thalassarche cauta Rare, no photos
Soft-plumaged  petrelj Pterodroma mollis Common
Sooty  albatrossk Phoebetria fusca Rare
Southern giant  petrell Macronectes giganteus Common
Wandering  albatrossm Diomedea exulans Frequent
White-chinned  petreln Procellaria aequinoc-

tialis
Frequent

Wilson's storm  petrelo Oceanites oceanicus Common
Yellow-nosed albatross Thalassarche carteri Rare, no photos

Fig. 3  Examples of seabird sightings recorded on survey SO272 
ordered alphabetically (not taxonomically) by common name
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species has also been documented in Kerguelen Plateau 
waters (Robineau and Duhamel 2006).

The southern edge of the Kerguelen Plateau has been 
identified as a foraging ground for humpback whales, which 
take advantage of oceanic fronts occurring along the edge of 
the plateau (Bestley et al. 2019). Indeed, the Western Aus-
tralian (WA) humpback whale population migrates from 
calving/wintering grounds in WA, towards the prey-rich 
foraging waters along the southern edge of the Kerguelen 
Plateau during the austral summer (Bestley et al. 2019).

Hourglass dolphin was the most commonly seen odon-
tocete in this study, spotted on five occasions, in groups of 
2–7 individuals, with one larger group of 15 individuals in 
similar group sizes to those reported by Santora (2012). 
This species is the sole small delphinid present regularly 
at latitudes below the Antarctic Polar Front (Brownell and 
Donahue, 1999, cited in Santora 2012). Despite its wide-
spread occurrence in Antarctic and sub-Antarctic waters, 
its behavioural ecology is understudied. Santora (2012) 
investigated patterns in hourglass dolphin occurrence and 
distribution collected over eight years (2003–2011) aboard 

vessels travelling to the South Shetland Islands. A peak in 
detections was recorded during the same period as this study 
(February austral summer), and all sighting locations were 
associated with the ACC southern boundary.

The second most common odontocete to be sighted 
off the Kerguelen Plateau was the southern subspecies of 
long-finned pilot whale (Globicephala melas edwardi). Ten 
juveniles were recorded, representing the highest number 
of juveniles of any species during the survey. There was 
one sighting of nine individuals classified a Globicephala 
sp., which were likely to be the southern sub-species, due 
to its geographical location; however, 100% identification 
was not possible. This species is highly sociable, exhibiting 
a range of behaviours such as lobtailing, spy hopping (as 
observed in this study), and interacting with a variety of 
other delphinid species in the Southern Ocean (Van Waer-
ebeek et al. 2010). Since 2010, sightings of this species have 
increased along the western edge of the Kerguelen Plateau 
(Gasco et al. 2019).

There was one sighting of the Kerguelen Commerson’s 
dolphin, which is thought to be endemic to the waters of 

Fig. 4  Generalized Additive Model (GAM) splines for best model 
of presence/absence illustrating the relationship between cetacean 
presence and a dissolved oxygen, b chlorophyll-a concentrations 
in sea water, and c power-source-activation-mode (1 = full power, 
2 = reduced power, 3 = off). Shaded area indicates 95% confidence 

interval. First solid line in graph (c) indicates mean scaled to the first 
variable (in this case full power); subsequent lines are calculated from 
the first variable. Dotted lines in graph (c) indicate 95% confidence 
interval. Blocks above x-axis indicate large sample (solid block) and 
smaller sample (discontinuous block)



Polar Biology 

1 3

the Kerguelen Islands (Pichler et al. 2001; Robineau et al. 
2007). This species was observed in a mixed pod of dusky 
dolphin, which to the best of our knowledge, has not been 
observed before, although dusky dolphin are often observed 
associating with other species (e.g., Weir et al. 2018). In 
addition, dusky dolphins have been suspected to be present 
in Kerguelen waters (Würsig et al. 2010); however, this is 
the first confirmed sighting.

Of the nine cetacean species observed, no niche separa-
tion was apparent, and all species were observed throughout 
the survey area. This is an interesting finding, since mysti-
cetes such as humpback whales (Meynecke et al. 2021), and 
odontocetes (such as pilot and beaked whales) have differen-
tial life-history patterns and diets that may not all be so reli-
ant on environmental drivers, such as Chl-a. For example, 
pilot whales, which feed predominantly on mesopelagic fish 
and deepwater squids (Gannon et al. 1997), are known to 
forage close to shelf breaks and submarine canyons, poten-
tially using specialised foraging behaviours for targeting 
steep bathymetric gradients, meaning that their latitudinal 
distribution may be limited to regions where this foraging 
strategy is effective (Thorne et al. 2017). Similarly, beaked 
whales, also exhibit strong relationships between habitat uti-
lisation and topographic/oceanographic variables, such as 
aspect, gradient, depth, and deep-water currents (MacLeod 

et al. 2005). These findings strongly support the designation 
of the region as an Marine Mammal Protected Area (IUCN 
MMPA Task Force 2021; Thiele et al. 2000; Tynan 1997) 
and, as an Area of Ecological Significance (AES) by Hindell 
et al. (2020).

At least 17 species of seabird were observed incidentally 
in this study. Species spotted most frequently included black-
browed and wandering albatross, northern giant and white-
chinned petrel, and prions, all of which have been reported 
previously in the region (Péron et al. 2010; Weimerskirch 
et al. 1989). Several of these are central-place-forager spe-
cies, such as white-chinned petrels (Péron et al. 2010) and 
macaroni penguins (Bost et al. 2009a, 2009b) and breed on 
either the Kerguelen Islands or Heard and McDonald Island; 
however, other non-central-place-foragers with no confirmed 
breeding colony on the islands were also seen. For example 
(as the name implies), the highly mobile wandering alba-
tross is reported more frequently in the north-western area of 
the Kerguelen Island than anywhere else on the archipelago 
(Gasco et al. 2019). Wandering and black-browed albatross 
were observed regularly in proximity to surfacing baleen 
whales. Indeed, seabird presence is used often as an indica-
tor of cetacean occurrence, as the former may rely on for-
aging cetaceans to locate high-density prey patches (Evans 
1982; Veit et al. 2017). Association of seabird species and 

Fig. 5  Spatial prediction of cetacean presence (left) and standard error of presence model (right) along SO272 route in the Southern Ocean
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cetaceans, especially large whales, and odontocetes has been 
confirmed by a number of studies (e.g., Acevedo et al. 2017), 
notably in the Southern Ocean (Sakamoto et al. 2009).

Marine mammal distributions

Dissolved  O2, Chl-a concentrations, and power-source-
activation mode were the best predictors of cetacean pres-
ence/absence in the study area; however, confidence in 
the latter was discounted, because the survey traversed a 
high-density area of cetaceans when the seismic source 
was off, which potentially biased any conclusions about 
inferred ‘effects of airguns’ on cetaceans. Sightings of 
cetaceans in relation to indicators of primary productiv-
ity (Chl-a, and dissolved  O2) associated with upwelling, 
(as a proxy of prey availability), is well reported in the lit-
erature (Barlow et al. 2008; Embling et al. 2012; Kenney 
et al. 1997; Pauly et al. 1998; Rennie et al. 2009; Scott et al. 
2010). In this study, cetacean sightings occurred predomi-
nantly in waters with Chl-a concentrations in the range of 
0.4–0.5 mg  m−3 and dissolved  O2 concentrations in the range 
of 9.60–10.24 mg  m−3 (300–320 mmol  m−3), which is higher 
than the Chl-a levels reported typically for the Southern 
Ocean, ca. < 0.3–0.4 mg  m−3 (Moore et al. 2000), but not 
high enough (> 1.0 mg  m−3) to be classified as a phytoplank-
ton bloom (Moore et al. 2000). Nonetheless, Moore et al. 
(2000) established a close correlation of Southern Ocean 
Chl-a with upwelling phenomena, seasonal ice retreat (not 
applicable in Kerguelen shelf waters), and/or presence of 
major ocean fronts; therefore, since the Kerguelen Plateau 
is located in the vicinity of the ACC (and is characterised by 
both bathymetric and wind-induced upwelling phenomena), 
the waters of the Kerguelen Plateau are likely responsible 
for the region’s relatively elevated concentrations of Chl-a, 
compared to surrounding relatively lower Chl-a waters of 
the broader Southern Ocean (Gille et al. 2014; Schallenberg 
et al. 2018; Zhou et al. 2014).

This study identified a significantly higher clustering of 
sightings in the northern shelf of the Kerguelen Plateau, 
compared to all other areas of observation within the south-
ern Indian Ocean, including the seismic survey area south-
east of the shelf and the entire transit route south from the 
Maldives (Fig. 5). Consequently, in addition to the southern 
and eastern edges of the Plateau, identified previously as 
important foraging ground for cetaceans by Tynan (1997) 
and Thiele et al. (2000), this study has now additionally 
identified the northern Plateau as an important hotspot for 
cetaceans. Northern, eastern, and southern regions of the 
Plateau are all characterised by presence of ACC fronts, 
eddies, and/or strong meanders, generating conditions with 
high levels of biological productivity and cetacean-prey. In 
addition, the northern Kerguelen Plateau has been identified 
as an area of importance for pre-conditioning recurrence 

of annual phytoplankton blooms (Park et al. 2008c). This 
is because the area is characterised by ‘sluggish’ waters, 
with relatively weak geostrophic circulation (3–5 cm  s−1) 
and anticyclonic nature, and is surrounded by strong cur-
rent systems, thus presenting optimal conditions for phy-
toplankton blooms (Park et al. 2008a, 2008c). Moreover, 
the northern Kerguelen Plateau constitutes a potentially 
important site of water-mixing phenomena, with waters of 
Antarctic-coast origin, deriving from the western boundary 
current alongside the eastern flank of the southern Kerguelen 
Plateau, encountering Enderby Basin waters stemming 
from the Fawn Through Current (Park et al. 2008c). Whilst 
plankton productivity supports mysticetes directly, it also 
indirectly supports odontocetes by providing rich resources 
for their favoured prey, mesopelagic fishes, and squids. The 
productive nature of this region contributes to presence of 
top predators, and therefore to the importance of this region 
for conservation (Hindell et al. 2020).

This study has highlighted the importance of MMO 
survey data in furthering the knowledge of cetacean distri-
butions in the region, and further supports this area’s des-
ignation as a MMPA, as well as identification as an AES. 
Moreover, this study was obliged legally to be conducted 
during the months of austral summer (December–February), 
a season characterised, generally, by low survey efforts in 
the Kerguelen region. This is because most dedicated sur-
veys are conducted typically from fishing vessels targeting 
Patagonian toothfish (Dissostichus eleginoides) which oper-
ate from April–November, i.e., austral autumn, winter, and 
spring (Gasco et al. 2019; Tixier et al. 2019). During the 
austral summer, February in particular, fishing activities 
decline substantially due to closure of the Exclusive Eco-
nomic Zone (EEZ) around the Kerguelen Islands to fishery 
operations (CCAMLR 2013; Gasco et al. 2019).

This study was not able to ascertain reliably if there was 
any avoidance of the seismic source by cetaceans. This is 
because the survey transited the highly productive 44–50° S 
latitude zone (Aracena et al. 2011) during periods when the 
seismic source was turned off, thus biasing model outputs. 
Moreover, weather conditions during transit observations 
were generally more clement than during the seismic sur-
vey, which likely elevated cetacean sighting probability out-
side of the survey area. Indeed, 53% of total sightings were 
recorded within this 44–50° S latitude zone, causing likely 
overestimation of modelled avoidance behaviour, because of 
seismic-source activation.

Identification and accurate classification of a species’ 
habitat preference is critical for effective planning and 
management of offshore operations (e.g., Bombosch et al. 
2014), informing relevant statutory bodies with regards to 
temporo-spatial feasibility for offshore activities and con-
servation requirements for effective monitoring of popula-
tion status. This study has demonstrated the usefulness of 
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scientific MMO data combined with freely available empiri-
cal and synoptic satellite-derived oceanographic variables 
in the identification, occurrence, and prediction of cetacean 
presence in subantarctic waters, as a means to produce pre-
dictive planning tools for offshore seismic operations. The 
study identified the northern shelf of the Kerguelen plateau 
as a cetacean ‘hotspot’ in the austral summer, established an 
association of cetacean abundance with dissolved  O2, and 
Chl-a, and presented the first confirmed sighting of dusky 
dolphins around the Kerguelen Islands. Together, these find-
ings further support this area’s designation as an IMMA and 
AES.
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