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ABSTRACT

The New Zealand-Australia Antarctic Ecosystems Voyage was a 42-day research expedition to the Ross Sea region
between the 29 January and 11 March 2015. The focus of the voyage was multidisciplinary ecological studies of
marine foodwebs of importance to top predators. This paper primarily describes the research related to the
Antarctic Blue Whale Project of the IWC-Southern Ocean Research Partnership. Two phases of blue whale
research occurred during the voyage (8-14 February and 24 February-2 March). During these periods the ship’s
position was guided by bearings to calling blue whales detected using DIFAR sonobuoys. Over the voyage 310
sonobuoys were deployed that detected over 40,000 individual blue whale calls over 520 hours of recordings.
These calls indentified 4,000 triangulated positions of calling blue whales. There was a marked increase in the
rate of blue whale calling after 8 February. Total visual sightings effort was 467 hours yielding a total of 480
sightings of approximately 1297 cetaceans, including 29 confirmed sightings of approximately 81 Antarctic blue
whales. Photo-identification data were collected from 58 blue whales. The acoustic and visual data suggest the
blue whales were very strongly aggregated in a region approximately centred around 69°S, 178°W.
Photogrammetry was used to describe the behaviour of the blue whales and active acoustic surveys, meso-
pelagic trawling and oceanographic data were collected to describe the prey field and habitat characteristics of
the blue whale aggregation. Preliminary analyses of the active acoustic surveys suggest the blue whale
aggregation was associated with an area populated by very dense but patchily distributed krill swarms at depths
less than 100 m.

Introduction

The New Zealand-Australia Antarctic Ecosystems Voyage aimed to undertake multidisciplinary
ecological studies of Ross Sea marine foodwebs of importance to top predators. The five main science
objectives for the voyage were: 1) determine factors influencing the abundance and distribution of
humpback whales around the Balleny Islands; 2) habitat characterisation of blue whale foraging
‘hotspots’; 3) a demersal trawl survey of the Ross Sea slope to estimate abundance, and collect
biological data for stock assessment of the demersal fish species, particularly grenadiers Macrourus
spp-; 4) deployment of a moored echosounder to study Antarctic silverfish (Pleuragramma
antarctica) spawning in Terra Nova Bay; 5) undertake oceanographic and atmospheric observations
of the Southern Ocean to contribute to validating global ocean and atmosphere models. The voyage
was funded through a collaboration of New Zealand’s National Institute of Water and Atmospheric
Research Limited (NIWA), Antarctica New Zealand (ANZ) and the Australian Antarctic Division
(AAD).

The principal focus for the AAD contingent on the voyage was blue whale research (Objective 2) that
could contribute to the IWC-Southern Ocean Research Partnership’s (IWC-SORP) Antarctic Blue



Whale Project. This paper principally describes the activities directly related to this objective. For
further details on all activities associated with this voyage see O'Driscoll & Double (2015).

From the late 19" through to the mid 20" century over one third of a million blue whales
(Balaenoptera musculus), principally Antarctic blue whales (B. m. intermedia), were killed in the
Southern Hemisphere (Clapham & Baker, 2002), first by shore-based operations and then by the
pelagic catcher and factory ships. Close to extinction, in 1964 the International Whaling Commission
banned the hunting of blue whales although they were still caught by illegal Soviet whaling operations
until 1973 (Branch et al., 2004). Today, the blue whale is classified as critically endangered by the
International Union for Conservation of Nature and is of global interest as one of the most at risk
baleen whale species in the Southern Ocean.

Our understanding of the impact of the whaling era on the Antarctic blue whale (Balaenoptera
musculus intermedia) is based predominantly on two sources of information: catch data derived from
the logbooks of whaling vessels and from circumpolar cetacean sightings surveys. Circumpolar
sighting surveys were initiated in 1978 as the International Decade of Cetacean Research (IDCR) and
later Southern Ocean Whale Ecosystem Research (SOWER) initiatives (Branch & Butterworth,
2001). The IDCR/SOWER surveys usually involved two ships conducting line-transect surveys from
the Antarctic ice-edge north to 600S. These vessels conducted three circumpolar surveys (CPI, CPIL
and CPIII) that were completed in 2004, although further regional surveys went on until 2010. While
the catch data can provide yearly catch distribution and magnitude as well as often detailed
information on the animals caught (including size, sex, pregnancy status, stomach contents etc.), the
data from sightings surveys can generate estimates of circumpolar abundance, trends and distribution.

The low sighting rates of Antarctic blue whales from the IDCR/SOWER surveys generated abundance
estimates with low precision which in turn hampered early efforts to assess population trend (Branch
& Butterworth, 2001; Gerrodette, 1995). Later, Branch et al. (2004) estimated trend using catch and
sightings data in a Bayesian modeling framework which estimated that the circumpolar Antarctic blue
whale population decreased from pre-exploitation abundance of 239 000 (95% Bayesian interval of
202,000 —311,000) to a low of around 360 individuals (95% Bayesian interval of 150 — 840) in the
early 1970s. This represents a population decline of greater than 99%. This study also determined that
from the lowest abundance the population had increased at a mean rate of 7.3% per year (95% CI 1.4-
11.6%) and the estimated abundance in 1996 was 1,700 individuals (CV =0.51, 95% CI 860 — 2,900).

The long-term aim of the IWC-SORP Antarctic Blue Whale Project (ABWP) is to deliver a new,
precise estimate of the abundance and trend for Antarctic blue whales; it also aims to describe their
distribution, migratory behaviour and population structure. Through an extensive examination of
possible survey methods based on the likely current abundance, recovery rate and future survey effort
(Kelly et al., 2011; Kelly et al., 2012; Kelly et al., 2013; Kelly et al., 2014) mark-recapture, involving
photographic and genetic identification of individuals assisted by passive acoustic tracking (Miller,
2012; Miller et al., 2013), was deemed to be most appropriate and efficient survey method (Peel et al.,
2014; Peel et al., in press).

Since the inception of this ABWP several voyages have contributed directly to the project (e.g.
Findlay et al., 2014; Reyes et al., 2014) and data have also been provided by ships of opportunity (for
summary see Bell, 2015). In 2013 an IWC-SORP voyage to east Antarctica tested the efficacy of
passive acoustic tracking methods (Double et al., 2013; Miller et al., 2015). The 52 groups of blue
whales ‘targeted’ by acoustic tracking yielded 33 encounters of approximately 84 individual blue
whales (Miller et al., 2015; Olson et al., 2013).



Initially only 10 of the 42 days of the New Zealand-Australia Antarctic Ecosystems Voyage were
allocated to blue whale research (O'Driscoll & Double, 2015). This timeframe was likely to limit the
opportunity to target many blue whale groups. However, the expertise and equipment on the RV
Tangaroa provided an opportunity to examine the oceanographic and prey-field characteristics of
areas in which blue whales feed; during planning this was designated the highest priority objective for
the blue whale component of the voyage.

Previous studies have reported a patchy distribution of Antarctic blue whales (Gedamke & Robinson,
2010; Peel et al., 2014) and the vocalisations detected on the 2013 voyage were similarly indicative of
blue whale ‘hotspots’ with no blue whales sighted independently of the acoustic aggregations (Miller
et al., 2015). Few studies have focused on the relationship between baleen whales and krill in the
Antarctic and most to date have focused on humpback whales, minke whales, and fin whales over a
variety of spatial scales (Friedlaender et al., 2014a; Friedlaender et al., 2014b; Nowacek et al., 2011;
Santora et al., 2010; Santora et al., 2014). Only a single recent study, near the Western Antarctic
Peninsula focused on the relationship between Antarctic blue whales and krill, (girovié & Hildebrand,
2011). Though no blue whales were visually encountered, this study found negative relationship
between the detection of blue whale song calls and the mean krill biomass from 0-100 m. Despite the
lack of empirical data, there have been several studies that have attempted to model the relationship
between blue whales and krill, and it is believed that this relationship plays an important role in the
Southern Ocean Ecosystem (e.g. Roman et al., 2014; Wiedenmann et al., 2011; Willis, 2014).

Methods

The methods employed on the voyage are presented in brief here; for further details refer to Double et
al. (2013) and O’Driscoll & Double (2015); see Miller at al. (2015; 2013; 2014¢) and Olson et al.
(2013; Olson et al., 2015) for further information on acoustic tracking and photo-identification
respectively.

The research was conducted from the RV Tangaroa, a purpose-built deep-water research vessel
operated by NIWA. This vessel is capable of stern trawling and has a 1C ice classification (can
operate in ice floes up to 0.4 metres thick). Due to the limited time allocated exclusively to blue whale
research (10 of the 42 days) and a limit of 10 berths to AAD personnel, small boat operations were
excluded early in the planning phase for this voyage.

The blue whale research was initially scheduled after the active acoustic and visual survey at the
Balleny Islands (67°S, 164°E) and before a demersal trawl survey on the Mawson and Iselin Banks in
the northern Ross Sea (71°S to 73°S, 173°E to 178°W; see Table 1). Therefore attempts to locate blue
whales were initially focused on an area between 164°E and 178°W but otherwise directed by
bearings to received calls.

During the voyage the whale research team operated under seven specific survey modes. All events

occurring during daylight operations such as sightings, biopsy attempts and sonobuoy deployments

were recorded in a customized data entry program Logger (Logger 2010, www.ifaw.org) along with
weather and effort data.

The active and passive acoustics teams typically operated 24 hours a day for the duration of the
voyage. The primary task of the passive acoustic team was to detect, track and target blue whales.
DIFAR sonobuoys were deployed at 30 nm intervals, or more frequently when needed for tracking
and targeting pods (Miller et al., 2015; Miller et al., 2014b; Miller et al., 2014c). All activities related



to passive acoustic operations were recorded using the DIFAR module in the PAMGuard software
(Calderan et al., 2015).

Active acoustic data were collected using a multifrequency (18, 38, 70, 120, and 200 kHz) suite of
Simrad EK60 echosounders. A Simrad EK80 echosounder system was also installed on the RV
Tangaroa before the voyage and an experiment was carried out on 6-7 February where 70, 120, and
200 kHz transducers were swapped between EK60 and EK80 systems while running a repeated line
transect. This EK60/EK80 experiment was repeated on 23 February on a silverfish aggregation in the
Ross Sea during the transit from Terra Nova Bay north, and on 26 and 28 February on aggregations of
krill and myctophids (primarily Electrona spp.) during the second phase of the blue whale work (See
Table 1 and Figure 1). The EK60 and EK80 echosounders were calibrated during the Balleny survey
on 5 February 2015 using a 38.1 mm tungsten carbide sphere (for details see O'Driscoll & Double,
2015).

Trawls were carried out for acoustic target identification using the NIWA fine-mesh midwater trawl.
This trawl has a circular mouth opening of about 12 m diameter, a codend mesh of 10 mm, and is
rated to a maximum depth of 1200 m. It is similar to the IYGPT (International Young Gadoid Pelagic
Trawl), which was recommended by Census of Antarctic Marine Life (CAML) for sampling pelagic
fish layers. During tows for acoustic identification, the midwater trawl was targeted at the aggregation
of interest and towed for 20—30 minutes at 3—4 knots. The profile and performance of each tow was
monitored from net depth data obtained from a Furuno CN22 net monitor. Perliminary acoustic data
analyses techniques followed those endorsed for krill by the CCAMLR Subgroup on Acoustic Survey
and Analysis Methods (SG-ASAM). Acoustic data processing was undertaken using Echoview v6.1
(Myriax, Hobart, Australia) controlled using the R package EchoviewR (Harrison et al., 2015). Krill
were identified using the validated dB-difference technique (see Cox et al., 2011; Madureira et al.,
1993; Watkins & Brierley, 2002).

Visual surveys were conducted during daylight hours by observers on the open-air monkey island
(flying bridge) or in the enclosed bridge depending on weather conditions. Observers on the flying
bridge were stationed in one of two viewing boxes that provided seating, a wind break, and a small
shelf with a radial angle board that was used to determine the angle to whale sightings. Observers
alternated between searching with and without 7x binoculars. For each cetacean sighted the distance
and angle relative the ship’s course were estimated using reticle binoculars and angle boards mounted
on the viewing boxes or on the bridge.

Upon sighting suspected blue whales, the vessel was guided towards the whale for species
confirmation, focal follows, photo-identification and biopsy. The location, track and behaviour of
whales were described using a photogrammetric measurement system described by Leaper & Gordon
(2001). These positional data can also be used to assess source levels of calls and the calling
behaviour of individual blue whales. When possible both sides of each whale were photographed
using high resolution digital SLR cameras with image-stabilized zoom lenses. Photographs and
associated records were archived at the end of each day for later quality control and reconciliation
(Olson et al., 2013; Olson et al., 2015).

Biopsy collection from humpback and blue whales was attempted from the bow of the ship using
Larsen rifles (Larsen, 1998). Biopsy samples were split between All Protect (Qiagen), 70% ethanol,
and freezing at -20°C.



A suite of underway oceanographic and atmospheric measurements were made throughout the voyage
including CTD casts, tows of the continuous plankton recorder, water sampling, measures of nutrient
uptake by phytoplankton and rates of primary production. Twelve Argo floats and 10 surface drifters
were also deployed during the voyage (see O'Driscoll & Double, 2015).

Results and Discussion

The voyage timetable is presented in Table 1 and voyage route in Figure 1. The voyage departed from
Wellington, New Zealand on the 29 January and returned to the same port on 11 March 2013 (42
days). The total distance covered during the voyage was nearly 15,000 km and ultimately13.5 days
were fully or largely dedicated to blue whale research. The weather conditions during the voyage
were generally very good with wind speeds seldom greater than 30 knots (O'Driscoll & Double,
2015). Ice conditions frequently presented difficulties with no full clearing of the Ross Sea and
accumulation of wind-driven ice around the Balleny Island and the entrance to Terra Nova Bay. Many
of the acoustically targeted blue whales were located within non-navigable ice during the second
phase of the blue whale research (see Table 1).

A total of 310 sonobuoys were deployed over the entire voyage. During the dedicated blue whale
phases of the voyage (8-14 February; 24 February to 2 March) the course of the ship was diverted to
follow bearings to calling Antarctic blue whales. Over 520 hours of individual recordings were made
and more than 40,000 individual blue whale calls detected. The spatial distribution of calling locations
of Antarctic blue whales was highly concentrated into vocal aggregations that could be heard from
hundreds of kilometres away (Figures 2 & 3).

Of the 40,000 bearings to calls of Antarctic blue whales, 8,000 could be paired as calls that were
received simultaneously on two widely spaced sonobuoys. These were used to obtain 4,000
triangulated positions of calling whales. Within a vocal aggregation, passive acoustics was used both
to precisely locate calling individuals for close approach, as well as to design active acoustic transects
through areas where Antarctic blue whales were either seen or acoustically localised (Figures 3 & 4).

Both tonal and frequency modulated calls of Antarctic blue whales were detected within and around
vocal aggregations and the 26 Hz tones were detected heard at great distances from the vocal
aggregations, while frequency modulated (FM) and Z calls are only detected much closer to and from
within vocal aggregations respectively (Figure 5).

There was a marked increase in the number of detections of both FM and tonal calls starting on 8
February (Figure 6). Since acoustic monitoring effort and conditions were largely comparable before
and after 8 February, a possible explanation for the observed increase in detections after 8 February is
a widespread change in the vocal behaviour of Antarctic blue whales commencing on this date.
Alternatively background noise may have varied through the voyage affecting our ability to detect
blue whale calls. Both explanations will be explored further using additional data from moored
acoustic loggers (Opzeeland et al., 2014).

Total visual sightings effort was 467 hours yielding a total of 480 sightings of approximately 1297
cetaceans (Table 2). Sightings of humpback whales were most common around the Balleny Islands
and close to the ice bridge in the northern Ross Sea (Figure 7). Sightings of Antarctic blue whales
were limited to two individuals near the Balleny Islands and a large, concentrated but mobile
aggregation of probably over 80 blue whales (~48 photo-identified) close to the 180° meridian and at
the northern edge of the Ross Sea ice bridge (Figures 2 & 3). On 13 February a formal line transect



survey was conducted to estimate the total number of blue whales within this aggregation. Although
ice restricted the spatial extent of the survey, a total of 24 sightings of approximately 58 blue, like
blue or large baleen whales were observed and were clearly aggregated even at a relatively small
spatial scale (Figure 7b).

More than 80 confirmed Antarctic blue whales were sighted during the voyage; of these photographs
of sufficient quality for individual identification were obtained from 58 Antarctic blue whales (Table
3, Olson et al., 2015). Photo-identification data collected on this voyage will be contributed to the
circumpolar Antarctic Blue Whale Catalogue managed by Paula Olson (NOAA) while subsamples of
biopsies will be submitted to the IWC-recognised genetic repository for Antarctic blue whale at
NOAA Southwest Fisheries, La Jolla. Further examination of the photographs will determine the total
number of photo-identified individual blue whales, the number of individuals re-sighted within the
voyage and the number of new and known individuals contributed to the Antarctic Blue Whale
Catalogue (Olson et al., 2015). Photo-identification data was also collected from a single pygmy
(Tasman-Pacific) blue whale late in the voyage (Table 3, Miller et al., 2014a; Olson et al., in press).
During the voyage photo-identification data were also collected for 22 humpback whales and on 18
February, a group of killer whales was sighted and approached, resulting in nine individual photo-
identifications (for further details see O'Driscoll & Double, 2015). One blue whale (Table 3) and ten
humpback whales were biopsied successfully during the voyage. Biopsying blue whales from the bow
of the RV Tangaroa proved challenging due to the ship’s manoeuvrability and the limited capacity to
change speed rapidly.

Approximately 15 hours of focal follow data were recorded on video of which 8 hours were classified
as good quality of a single animal or in one case a pair of animals that stayed close together. Focal
follows were aborted when it was no longer possible to follow the focal animal due to ice or when the
presence of other animals meant it was no longer possible to be sure which was the focal animal. This
resulted in seven tracks of longer than 45 minutes with the longest around 2 hours. These data will be
analyses further to characterise the behaviour of tracked whales (Figure 8).

Eleven acoustic grid surveys were conducted in close association with blue whale sightings and
acoustic triangulations (e.g. Figure 4). During the first phase of blue whale research the acoustic
surveys within the blue whale aggregation revealed very dense, but very patchy swarms of Antarctic
krill at depths less than 100 m (e.g. Figure 9). More substantial krill marks were observed during the
second phase of blue whale research from the 26 February to 2 March (Figure 3b) and consisted of
surface swarms and layers at depths of about 50 m. There were also layers of myctophid fish (mainly
Electrona spp.) at a depth of 250 m, below the krill. These surveys were less closely linked to
foraging blue whales as sightings were few and acoustic triangulations indicted that most whales were
located within the surrounding pack ice but inaccessible to the RV Tangaroa (Figure 3b).

Nine midwater trawls were carried out to verify composition of acoustic feed layers and to provide
samples length frequency distribution data for estimates of krill density and total biomass. Preliminary
estimates, based on school dimensions and estimated density suggest that the krill swarms associated
with the blue whale aggregations contained in excess of 100 tonnes of krill. Further preliminary
analyses of the active acoustic data are presented in Cox ef al. (2015) together with a short
commentary on the challenges of analysing and interpreting these acoustic data in the context of
describing whale habitat, distribution and behaviour.

This voyage again highlighted the utility of passive acoustics for detecting and tracking Antarctic blue
whales (Miller et al., 2015). This technique is clearly reliable and efficient and will facilitate future
studies of Antarctic blue whales. Even though relatively few days were allocated specifically to blue



whale research on this voyage we were able to locate large numbers of blue whales and to collect
novel data on their distribution, behaviour, habitat and prey field. These passive acoustic techniques
will become more widely available as the techniques are disseminated and the associated software is
refined (Calderan et al., 2015). This in turn will provide greater capacity for research vessels, tourist
ships and other ships of opportunity to contribute valuable data to the Antarctic Blue Whale Project of
IWC’s Southern Ocean Research Partnership.

Acknowledgements

This research is a contribution to Australian Antarctic Science Projects 4104, 4101 and 4102 and
NIWA project number VES15303. The voyage was funded under by New Zealand’s National Institute
of Water & Atmospheric Research (NIWA), Antarctica New Zealand, New Zealand Ministry for
Business, Innovation and Employment, and the Australian Antarctic Division. We thank the ever-
impressive and highly professional officers and crew of the RV Tangaroa. The blue whale research on
this voyage would not have been possible without the support of the staff at the Australian Antarctic
Division. Participation of Paula Olson was made possible by NOAA Southwest Fisheries Science
Center. We thank Yoann Ladroit, Pablo Escobar-Flores, Sarah Bury, Darren Stevens, Owen Anderson
for collecting underway oceanographic and acoustic data and processing trawl samples. The
formative guidance of the International Whaling Commission’s Scientific Committee and Southern
Ocean Research Partnership throughout the development of the Antarctic Blue Whale Project
contributed significantly to the planning and implementation of this voyage. MJC is funded by
Australian Research Council grant FS11020005.

References

Bell, E 2015 Annual Report of the Southern Ocean Research Partnership (IWC-SORP) 2014/15.
Paper submitted for consideration by the IWC Scientific Committee. SC/66a/SH.

Branch, TA and Butterworth, DS 2001. Estimates of abundance south of 60°S for cetacean species
sighted frequently on the 1978/79 to 1997/98 IWC/IDCR-SOWER sighting surveys. . Journal of

Cetacean Research and Management Special Issue, 3: 251-270.

Branch, TA, Matsuoka, K and Miyashita, T 2004. Evidence for increase in Antarctic blue whales
based on Bayesian modelling. Marine Mammal Science, 20: 726-754.

Calderan, S, Miller, BS, Gillespie, D, Weatherup, G and Double, MC 2015 Software for the
localisation of baleen whale calls using DIFAR sonobuoys: an update on real-time use of PAMGuard

DIFAR software. Paper submitted for consideration by the IWC Scientific Committee.
SC/66a/SHXX.

Clapham, PJ and Baker, CS 2002 Modern Whaling. In: Encyclopedia of Marine Mammals (eds. W. F.
Perrin, B. Wiirsig, J. G. M. Thewissen), pp. 1328-1332. Academic Press, San Diego, CA.

Cox, MJ, Watkins, JL, Reid, K and Brierley, AS 2011. Spatial and temporal variability in the structure
of aggregations of Antarctic krill (Euphausia superba) around South Georgia, 1997-1999. ICES
Journal of Marine Science, 68: 489-498.



Cox, MJ, Miller, BS and Double, MC 2015 A preliminary investigation of the distribution of krill in
the vicinity of Antarctic blue whales. Paper submitted for consideration by the IWC Scientific
Committee. SC/66a/EM.

Double, MC, Barlow, J, Miller, BS, Olson, P, Andrews-Goff, V, Leaper, R, Ensor, P, Kelly, N,
Lindsay, M, Peel, D, Calderan, S, Collins, K, Davidson, M, Deacon, C, Donnelly, D, Olavarria, C,
Owen, K, Rekdahl, M, Schmitt, N, Wadley, V and Gales, N 2013 Cruise report of the 2013 Antarctic
blue whale voyage of the Southern Ocean Research Partnership. Paper submitted for consideration by
the IWC Scientific Committee. SC/65a/SH21.

Findlay, K, Thornton, M, Shabangu, F, Venter, K, Thompson, I and Fabriciussen, O 2014 Report of
the 2013/14 South African Antarctic blue whale survey, 000° - 020°E. Paper submitted for
consideration by the IWC Scientific Committee. SC/65b/SHO1.

Friedlaender, A, Tyson, R, Stimpert and Nowacek, D 2014a. Extreme diel variation in the feeding
behavior of humpback whales along the Western Antarctic Peninsula in autumn. Marine Ecology
Progress Series 494: 281-289.

Friedlaender, AS, Goldbogen, JA, Nowacek, DP, Read, AJ, Johnston, D and Gales, N 2014b. Feeding
rates and under-ice foraging strategies of the smallest lunge filter feeder, the Antarctic minke whale
(Balaenoptera bonaerensis). Journal of Experimental Biology, 217: 2851-2854.

Gedamke, J and Robinson, SM 2010. Acoustic survey for marine mammal occurrence and
distribution off East Antarctica (30-80 degrees E) in January-February 2006. Deep-Sea Research Part
1I-Topical Studies in Oceanography 57(9-10 Special Issue, 57: 968-981.

Gerrodette, T 1995 The ability of IDCR cruises to detect changes in blue whale population size.
International Whaling Commission. 271-272.

Harrison, LK, Cox, MJ, Skaret, G and Harcourt, R 2015. The R package EchoviewR for automated
processing of active acoustic data using Echoview. Frontiers in Marine Science, 2: 15.

Kelly, N, Double, MC, Peel, D, Bravington, M and Gales, N 2011 Strategies to obtain a new
abundance estimate for Antarctic blue whales: a feasibility study. Paper submitted for consideration
by the IWC Scientific Committee. SC/63/SH3.

Kelly, N, Miller, B, de la Mare, WK, Double, MC, Peel, D and Gales, N 2012 Strategies to obtain a
new circumpolar abundance estimate for Antarctic Blue Whales: survey design and sampling
protocols. Paper submitted for consideration by the IWC Scientific Committee. SC/64/SH10.

Kelly, N, Peel, D, Bravington, M and Double, MC 2013 A new circumpolar abundance estimate for
Antarctic blue whales: potential survey methods. Paper submitted for consideration by the IWC
Scientific Committee. SC/65a/ForInfo08.

Kelly, N, Bravington, MV and Peel, D 2014 Precision of a future Antarctic blue whales line transect
survey. Paper presented to the Scientific Committee of the International Whaling Commission.
SC/65b/SH13.

Larsen, F 1998 Development of a biopsy system primarily for use on large cetaceans. Paper submitted
for consideration by the IWC Scientific Committee. SC/50/015



Leaper, R and Gordon, J 2001. Application of photogrammetric methods for locating and tracking
cetacean movements at sea. Journal of Cetacean Research and Management, 3: 131-141.

Madureira, LSP, Everson, I and E.J., M 1993. Interpretation of acoustic data at two frequencies to
discriminate between Antarctic krill (Euphausia superba Dana) and other scatterers. Journal of
Plankton Research, 15: 787-802.

Miller, B, Barlow, J, Calderan, S, Collin, sK, Leaper, R, Olson, P, Ensor, P, Peel, D, Donnelly, D,
Andrews-Goff, V, Olavarria, C, Owen, K, Rekdahl, M, Schmitt, N, Wadley, V, Gedamke, J, Gales, N
and Double, M 2015. Validating the reliability of passive acoustic localisation: a novel method for
encountering rare and remote Antarctic blue whales. Endangered Species Research, 26: 257-2609.

Miller, BS 2012 Real-time tracking of blue whales using DIFAR sonobuoys. Paper submitted for
consideration by the IWC Scientific Committee. SC/64/SH12.

Miller, BS, Barlow, J, Calderan, S, Collins, K, Leaper, R, Kelly, N, Peel, D, Olson, P, Ensor, P and
Double, MC 2013 Long-range acoustic tracking of Antarctic blue whales. Paper submitted for
consideration by the IWC Scientific Committee. SC/65a/SH]1.

Miller, BS, Collins, K, Barlow, J, Calderan, S, Leaper, R, McDonald, M, Ensor, P, Olson, P,
Olavarria, C and Double, MC 2014a. Blue whale vocalizations recorded around New Zealand: 1964 -
2013. Journal of the Acoustical Society of America, 135: 1616-1623.

Miller, BS, Gedamke, J, Calderan, S, Collins, K, Johnson, C, Miller, E, Samaran, F, Smith, J and
Double, MC 2014b Accuracy and precision of DIFAR localisation systems: Calibrations and

comparative measurements from three SORP voyages. Paper submitted for consideration by the IWC
Scientific Committee. SC/65b/SH:14.

Miller, BS, Gillespie, D, Weatherup, G, Calderan, S and Double, MC 2014¢ Software for the
localisation of baleen whale calls using DIFAR sonobuoys: PAMGuard DIFAR. Paper submitted for
consideration by the IWC Scientific Committee. SC/65b/SH7.

Nowacek, DP, Friedlaender, AS, Halpin, PN, Hazen, EL, Johnston, DW, Read, AJ, Espinasse, B,
Zhou, M and Zhu, Y 2011. Super-aggregations of krill and humpback whales in Wilhelmina Bay,
Antarctic Peninsula. PLoS ONE, 6: €19173.

O™ Driscoll, R and Double, MC 2015 Voyage Report TAN1502 New Zealand-Australia Antarctic
Ecosystems Voyage. Prepared for Antarctica New Zealand, Ministry for Primary Industries, Ministry
for Foreign Affairs and Trade. WLG2015-21.

Olson, PA, Ensor, P, Schmitt, N, Olavarria, C and Double, MC 2013 Photo-identification of Antarctic
blue whales during the SORP Antarctic Blue Whale Voyage 2013. Paper submitted for consideration
by the IWC Scientific Committee. SC/65a/SH.

Olson, PA, Schmitt, N, Ensor, P, Collins, K, Donnelly, D, Leaper, R, Calderan, S, Miller, BS, Goetz,
K and Double, MC 2015 Photo-identification of Antarctic blue whales during the NZ-Australia
Antarctic Ecosystems Voyage 2015. Paper submitted for consideration by the IWC Scientific
Committee. SC/65a/SH.



Olson, PA, Ensor, P, Olavarria, C, Bott, N, Constantine, R, Weir, J, Childerhouse, S, Linde, Mvd,
Schmitt, N, Miller, BS and Double, MC in press. New Zealand blue whales: information on
residency, morphology, and feeding behavior of a little-known population Pacific Science

Opzeeland, IV, Samaran, F, Stafford, KM, Findlay, K, Gedamke, J, Harris, D and Miller, BS 2014.
Towards collective circum-antarctic passive acoustic monitoring : the southern ocean hydrophone
network (SOHN). Polarforschung: 47-61.

Peel, D, Miller, BS, Kelly, N, Dawson, S, Slooten, E and Double, MC 2014. A Simulation Study of
Acoustic-Assisted Tracking of Whales for Mark-Recapture Surveys. PLoS ONE, 9: €95602.

Peel, D, Bravington, M, Kelly, N and Double, M in press. Designing an effective mark-recapture
study of Antarctic blue whales. Ecological Applications.

Reyes, M, Trickey, J, Baumann-Pickering, S, Melcon, M, Hildebrand, J and Iiiguez, M 2014
Sightings and acoustic recordings of cetaceans during the SORP voyage 2014. Paper submitted for
consideration by the IWC Scientific Committee. SC/65b/SH16.

Roman, J, Estes, J, Morissette, L, Smith, C, Costa, D, McCarthy, J, Nation, J, Nicol, S, Pershing, A
and Smetacek, V 2014. Whales as marine ecosystem engineers. Frontiers in Ecology and the
Environment.

Santora, JA, Reiss, CS, Loeb, VJ and Veit, RR 2010. Spatial association between hotspots of baleen
whales and demographic patterns of Antarctic krill Euphausia superba suggests size-dependent
predation. Marine Ecology Progress Series, 405: 255-269.

Santora, JA, L.D., S and Loeb, VJ 2014. Spatial assessment of fin whale hotspots and their association
with krill within an important Antarctic feeding and fishing ground. Marine Biology 161: 2293-2305.

Sirovi¢, A and Hildebrand, JA 2011. Using passive acoustics to model blue whale habitat off the
Western Antarctic Peninsula. Deep Sea Research Part I1: Topical Studies in Oceanography, 58:
1719-1728.

Watkins, JL and Brierley, AS 2002. Verification of the acoustic techniques used to identify Antarctic
krill. ICES Journal of Marine Science, 59: 1326—-1336.

Wiedenmann, J, Cresswell, K, Goldbogen, JA, Potvin, J and Mangel, M 2011. Exploring the effects
of reductions in krill biomass in the Southern Ocean on blue whales using a state-dependent foraging
model. Ecological Modelling, 222: 3366-3379.

Willis, J 2014. Whales maintained a high abundance of krill; both are ecosystem engineers in the
Southern Ocean. Marine Ecology Progress Series, 513: 51-69.



Table 1.

Timetable of activities on the New Zealand-Australia Antarctic Ecosystems Voyage 2015.

Activity

Dates

Mobilisation & training:

22-28 January (7 days)

Depart Wellington:

29 January

Transit to Ross Sea:

29 January — 3 February (6 days)

Balleny Islands survey & acoustic calibration:

4-7 February (4 days)

Blue whale survey (part 1):

8-14 February (7 days)

Transit to shelf:

15 February (1 day)

Shelf demersal survey:

1620 February (4.5 days)

Transit to Terra Nova:

20-21 February (1.5 days)

Mooring deployment:

21-Feb

Transit from Terra Nova:

22-23 February (2 days)

Blue whale survey (part 2):

24 February —2 March (6.5 days)

Transit to Wellington:

2—10 March (8.5 days)

Arrive Wellington and demobilisation:

11-12 March (2 days)

Table 2.

Summary of cetacean sightings data on the New Zealand-Australia Antarctic Ecosystems Voyage 2015.
Species Sightings Individuals
Antarctic blue whale 29 81
Pygmy blue whale 1 1
Fin whale 4 11
Humpback whale 252 466
Antarctic minke whale 20 51
Sei whale 3 5
Pilot whale 2 45
Southern bottlenose whale 1
Sperm whale 3
Ziphiidae 3
Killer whale 2
Killer whale type A 1 10
Common dolphin 2 360
Like Antarctic blue 5 15
Like Antarctic minke 3 3
Like blue whale 6 14
Like fin whale 2 3
Like humpback whale 40 72
Like minke 8 8
Like sperm whale 4
Undetermined minke 32 57
Unid large baleen 40 54
Unid large whale 6 6
Unid small whale 3
Unid whale 8 9
Total 480 1297




Table 3. Summary of photo-identified and biopsied blue whales collected during the New Zealand-Australia

Antarctic Ecosystems Voyage 2015.

Species UTC Date Sighting Latitude Longitude No. Biopsy

No. (decimal) (decimal) photo-ID samples
Antarctic Blue 6-Feb 086 -67.16 163.98 2 -
Antarctic Blue 9-Feb 149 -69.16 178.22 3 -
Antarctic Blue 9-Feb 157 -69.34 179.07 1 -
Antarctic Blue 10-Feb 163 -69.02 179.69 1 -
Antarctic Blue 10-Feb 170 -69.15 -177.92 1 -
Antarctic Blue 11-Feb 172 -69.30 -178.08 2 -
Antarctic Blue 11-Feb 177 -69.28 -178.30 1 -
Antarctic Blue 11-Feb 181 -69.26 -178.08 5 -
Antarctic Blue 12-Feb 182 -69.28 -178.14 2 -
Antarctic Blue 12-Feb 183 -69.35 -178.10 2 -
Antarctic Blue 12-Feb 198 -69.30 -178.07 1 -
Antarctic Blue 13-Feb 208 -69.44 -177.79 2 -
Antarctic Blue 13-Feb 209 -69.36 -178.14 11 15BW008
Antarctic Blue 14-Feb 210 -69.09 -178.20 2 -
Antarctic Blue 14-Feb 211 -69.37 -178.13 3 -
Antarctic Blue 14-Feb 212 -69.38 -178.17 2 -
Antarctic Blue 14-Feb 217 -69.33 -177.96 8 -
Antarctic Blue 25-Feb 352 -69.71 -175.91 3 -
Antarctic Blue 26-Feb 361 -69.77 -175.75 4 -
Antarctic Blue 28-Feb 407 -70.00 -175.01 1 -
Antarctic Blue 1-Mar 420 -69.90 -174.65 1 -
Pygmy Blue 10-Mar 485 -41.87 174.43
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Figure 1. Voyage track of the New Zealand-Australia Antarctic Ecosystems Voyage 2015. Labeled points indicate
positions at 00:00 hours (UTC).
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Figure 2. Sonobuoy deployments and best bearings towards Antarctic blue whale locations. Most bearings (red
arrows) point towards the three areas where further research on blue whales was conducted. The dashed black box
shows the location of blue whale research from 9-10 Feb. The solid black box shows the location of blue whale
research from 11-14 Feb, and the bold dashed box shows the location of blue whale research from 25 Feb — 1 Mar.
Bathymetry contours are shown as grayscale from white to dark grey at depths of 0, 200, 1000, 3000, and 6000 m.
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Figure 3. Locations of Antarctic blue whales through direct sightings (blue circles) and passive acoustic triangulation
(red circles) during a) 29 January to 14 February, and b) 15 February to 10 March 2015. These temporal windows
reflect the two phases of blue whale research during the voyage (Table 1). Indicative ice distribution and
concentration is shown for a) 10 February and b) 28 February. Ice data were sourced from the National Snow and Ice
Data Center (http://www. nsidc.org/).
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Figure 4. Passive acoustic triangulation of Antarctic blue whale calls.Green circles show calls over a 24 hour period
starting at 0400 UTC on 26 February. The black line shows the ships track during active acoustic survey, mark

identification trawling, and close approach. The cluster of acoustic locations in the northwest of the map were not
accessible due to ice.
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Figure 5. Location of detected calls of Antarctic blue whales.Deployments of sonobuoys (black dots), 26 Hz tonal calls
from blue whales (blue dots), FM calls from blue whales (green triangles), and Z-calls from blue whales (red crosses).
Bathymetry contours are shown as grayscale from white to dark grey at depths of 0, 200, 1000, 3000, and 6000 m.
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Figure 6. Time-series of received level of detected Antarctic blue whale calls.Received levels are of the 26 Hz tonal
calls (blue dots) and frequency modulated calls (green dots). As in 2013, whales were typically within visual detection
range when received levels were above 110 dB re 1 uPa RMS. There was a marked increase in the number of
detections of both types of calls starting on 8 Feb.
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Figure 7. a) Location of visual sightings south of 60° S. Sightings of Antarctic blue, Antarctic minke, humpback, fin
and killer whales are shown separately. All other sightings including sightings where the species identification was
not determined are shown in grey. Symbol size indicates the number of individuals observed during each sighting
record. b) Location of blue whale sightings during line transect survey on 13 February. The ship’s track is shown as a
black line. When possible the ship left the predefined track line to confirm the identity of sighted whales. The ship
could not complete the full survey due to ice.
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Figure 8. a) An example of Antarctic blue whale tracked using photogrammetry on 10 February. Track is from
00:14:48 to 01:39:02 UTC. Blue crosses indicate surfacing locations of the whale joined by blue lines. Black line
indicates track of Tangaroa. Straight line swimming speeds measured between locations at least 120 s apart varied
between 0.7 and 2.9 ms™ (mean = 1.5 ms'l). b) Blow intervals for tracked Antarctic blue whale. Blow intervals
during the same period as Figure 22 showing 11 ‘long’ dives of mean 245 s duration (standard deviation = 72).
Between these ‘long’ dives there was a mean of 9.3 blows (standard deviation = 3.5).
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Figure 9. Acoustic echogram showing dense school of krill. Echogram recorded at 120 kHz during close approach of a
blue whale on 10 February. The whale itself is also visible twice during the recording.
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