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In the 35 years that dusky dolphins (Lageno-
rhynchus obscurus) have been studied off
Kaikoura, New Zealand, there has been shore-,
boat-, and acoustic-based research on their move-
ments and behavioural ecology (Wiirsig et al.,
1997, 2007). While boat-based research has pro-
vided important insights into the overall fission-
fusion societies of dusky dolphins off Kaikoura
(Orbach et al., 2018, this issue) and nursery group
habitat use (Weir et al., 2008, 2010; Deutsch et al.,
2014), there have been limitations to individual
focal follows, particularly of mothers with calves
within large pods. Only 52% of dusky dolphins
are estimated to have distinguishable natural
markings on their dorsal fins (Kiigler & Orbach,
2014), limiting the number of individuals that can
be positively identified and followed from a boat-
based platform. As a result, we searched for new
and cost-effective ways to study dolphin behav-
iours, spacings, and interactions. Lightweight,
unmanned aerial vehicles (UAVs) are proving
to be the better research platforms for gathering
information on dusky dolphin behaviour, within-
group spacing, and inter-individual interactions
as compared with low vantage point observations
from a small vessel.

In the past decade, UAVs have revolution-
ized how wildlife can be observed and stud-
ied. Coastal applications of UAVs have proved
useful for counting seabirds (Perryman et al.,
2014; Hodgson et al., 2016) and sea turtles
(Rees et al., 2018). UAV operations are becom-
ing more common for marine mammal research
due to increasing affordability, longer in-air
times, larger ranges, and potentially less dis-
turbance than other research methods due to
associated noise compared to traditional aerial

research methods, including helicopters and fixed
wing aircrafts (Koski et al., 2015; Fiori et al.,
2017). Additionally, UAVs offer opportunities
to observe areas with limited access by foot or
vessel —for example, UAVs have enabled spot-
ted (Phoca largha) and ribbon (Histriophoca
fasciata) seal counts in the Bering Sea pack ice
(Moreland et al., 2015); gray seal (Halichoerus
grypus) counts within breeding colonies in east-
ern Canada (Seymour et al., 2017); gray and
harbor seal (Phoca vitulina) abundance esti-
mates, age classification, and individual identifi-
cation (Pomeroy et al., 2015); and Steller sea lion
(Eumetopias jubatus) individual identification in
Alaska (Sweeney et al., 2016). UAVs have also
been used to survey dugongs (Dugong dugon)
(Hodgson et al., 2013) and humpback whales
(Megaptera novaeangliae) in Australia (Hodgson
et al., 2017); collect identification-quality images
of bowhead whales (Balaena mysticetus) near
Igloolik, Nunavut (Koski et al., 2015); measure
the surface area of humpback whale females and
calves to compare body condition at a breeding
area in Australia (Christiansen et al., 2016b);
and measure body lengths of southern right
whales (Eubalaena australis) off New Zealand’s
Auckland Islands (Dawson et al., 2017).

Our objective was to determine if it was possi-
ble to ascertain behaviours of mothers and calves
within nursery groups and within large groups
using a UAV that provided vertical, low-altitude
video recordings. Specifically, we sought to deter-
mine swimming speed, inter-adult distance, and
respiration and suckling rates for dusky dolphin
mothers and calves. The results presented herein
provide examples of the types of information that
can be gathered using these new techniques.
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Kaikoura is located on the east coast of the South
Island of New Zealand (42.30° S, 173.32° E). Field
work occurred within the open-ocean embayment
(covering approximately 100 km’in area) between
the Kaikoura Peninsula and Haumuri Bluffs in
December 2017. The area is characterized by a
nearshore submarine canyon off Goose Bay and
reaches depths of over 1,400 m (Lewis & Barnes,
1999). Dolphin groups were located visually
and approached in a 6-m rigid-hull inflatable. In
adherence with New Zealand’s Marine Mammals
Protection Act of 1978 and Marine Mammals
Protection Regulations of 1992, we maintained
no wake or idle speeds when within 300 m of dol-
phins and never approached dolphin groups if there
were three or more vessels already operating within
300 m of the group.

All focal group follows were conducted using
Vertical Take-Off and Landing (VTOL) UAV
operations (UAV hereafter). Flights took place
only in Visual Meteorological Conditions (VMC)
—that is, 10 km sky line of sight, clear of clouds
at the maximum legal flight altitude (122 m), and
no rain—and 10 kts maximum wind speed (Civil
Aviation Authority of New Zealand, 2018). The
UAV was a Phantom 4TM (DJI Innovations,
Shenzhen, China), with a four-rotor helicopter
(1.38 kg; diameter: 35 cm engine-to-engine). The
built-in camera was fitted with a polarized filter.
DIJI Li-Po batteries (4 S, 5,870 mAh) ensured a
maximum flight time of 25 min, although actual
flight time tended to be slightly less than this
value. The UAV was launched and retrieved man-
ually with the bow oriented downwind and the
outboard motor disengaged. After launching the
UAV, the vessel was not required to be near the
dolphins, and so it generally kept at least 50 m
from mother—calf pairs and 20 m or higher Above
Sea Level (ASL) to eliminate vessel and UAV
proximity on behaviours.

Video was analyzed using a VLC media player
by an experienced observer. Every 30 s, the
observer paused the video and recorded the GPS
position of the UAV (from the UAV metadata on
the screen); the number of mothers (adults with a
calf, usually in echelon or infant position), calves
(less than two thirds the length of the adult), and
other individuals in the frame; and the distances
(number of mother body lengths, with a mother
body length considered as approximately 1.8 m
according to Cipriano [1992]) between each
mother in view and her nearest adult (similar
size to mother) neighbour. The observer sub-
sequently reviewed the same videos to follow
each mother—calf pair, reviewing several times if
multiple mother—calf pairs were captured in the
frame. Counts were recorded each time the focal
mother or calf took a breath and each time the calf

initiated a suckling position (infant rolls to one
side and directs rostrum under mother in location
of mammary slits). The focal follow ended when
the mother—calf pair left the frame of view or if
visibility deteriorated (due to glare or the height of
the UAV) and follows of mother—calf pairs were
no longer possible. The process was repeated until
all mother—calf pairs in the video had been tracked
and annotated.

Positional information and time were used to
calculate the dolphin swimming speed for each
30 s segment and for the entire video session.
Data for inter-adult spacing were pooled for each
group and divided by the number of minutes and
the number of mothers in view. For each video,
total number of breaths for mothers and calves
were pooled, respectively, and were scaled by the
total number of minutes that mothers and calves
were in view for all focal follows. Similarly, for
each video, the total number of suckling bouts
were pooled and divided by the total number of
minutes calves were in view for all focal follows.

From 2 to 11 December 2017, four nursery
groups and seven large groups with mother—calf
pairs were video-recorded (19 videos of approxi-
mately 20 min each) and analyzed. Mean swim-
ming speed for mothers and calves was 4.65 +
241 km/h" and mean inter-adult spacing was 1.66
+ 2.1 body lengths (see Figure 1a & b). Mean res-
piration rate for mothers and calves was 2.81 +
0.12 and 3.58 + 0.15 breaths/min’, respectively,
and suckling rate was 0.65 suckling attempts/min™'.

Through this study, we were able to determine
swimming speed, inter-adult spacing, and respira-
tion and suckling rates for dusky dolphin mothers
and calves. Respiration rates of adult female dusky
dolphins in our study (2.81 breaths/min’') were
similar to those of dusky dolphins along the coast
of Patagonia, Argentina (2.9 breaths/min"), that
were determined using radio tracking (Wiirsig,
1982). The swimming speeds reported herein
were also similar to those reported by Wiirsig &
Wiirsig (1980) using theodolite readings, and to
those reported by Srinivasan & Markowitz (2010)
from a boat-based platform. These similarities
suggest that the UAV operations described herein
can provide accurate measures of swimming
speeds and respiration rates for dusky dolphins. In
the present study, we were also able to determine
the respiration and suckling rates for dusky dol-
phin calves, something that has not been feasible
by other observation methods to date.

UAV operations allowed us to view dusky dol-
phin mothers and calves from a novel perspective.
Using the UAV likely caused little to no distur-
bance to the focal dolphins, whereas vessels have
been shown to affect the behaviours of mother—
calf pairs of bottlenose dolphins (Tursiops
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truncatus) (Guerra et al., 2014), as well as the shown that a UAV can reduce or eliminate visible
behaviours of large groups of dusky dolphins disturbance compared to traditionally used meth-
(Lundquist et al., 2012, 2013). Some studies have ods. For example, there were lower proportional

Figure 1. (A) Four mother—calf pairs and a fifth adult without calf travelling as a nursery group separate from the large group;
letters a and b represent one adult body length, and letters b and ¢ show a mother—-mother distance of 1.41 body lengths.
(B) Mothers and calves throughout a part of the large group; several mother—calf pairs are circled for ease of viewing.
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disturbance levels to spotted and ribbon seals
when a UAV was employed than when a helicop-
ter was used (Moreland et al., 2015). The behav-
ioural ecology of the animal under study must be
considered as some species are targeted by aerial
predators (Borelle & Fletcher, 2017). However, as
dolphins have no aerial predators, and UAV noise
is similar to ambient noise and usually outside the
hearing thresholds of odontocetes (Christiansen
et al., 2016a), disturbance is expected to be mini-
mal, if at all. Even though behavioural responses
to the UAV were not observed, we cannot rule out
the presence of physiological changes such as the
elevated heart rate exhibited by black bears (Ursus
americanus) in response to UAV flights despite no
observable behavioural responses (Ditmer et al.,
2015). Overall, the use of a UAV allowed us to
make observations that were not previously pos-
sible and revealed more details of the behaviours
of dusky dolphin mothers and calves.
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