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Abstract

Northern fur seals (Callorhinus ursinus) continue 
to dive and forage during foraging trips in cold 
water. Although their dense fur may prevent a 
decrease in body temperature, they must spend 
considerable time grooming to maintain a layer 
of trapped air in their fur. This study examined 
grooming and shaking behaviours, which are 
high-energy cost movements, using an accelera-
tion data logger to accurately estimate the energy 
budget of these aquatic mammals. The authors 
examined the consistency between the behav-
ioural records obtained using an animal-borne 
acceleration data logger and video observations 
of a captive northern fur seal. Grooming behav-
iour was defined as rubbing the body with its flip-
pers with rolling that was occasionally associated 
with shaking. Grooming behaviour was detected 
by low-frequency components of lateral and dor-
soventral acceleration resulting from rolling and 
high-frequency components of lateral accelera-
tion resulting from rubbing and shaking. These 
observations show that the grooming and shaking 
behaviours of northern fur seals can be accurately 
detected using an acceleration data logger. We 
suggest that the energy budgets of free-ranging 
northern fur seals can be more accurately esti-
mated using an index of energy costs and benefits 
captured using an acceleration data logger.
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Introduction

Fur is advantageous for insulation and buoyancy 
in aquatic mammals (Fish et al., 2002). However, 
fur is easily fouled and can be compressed in water 
(Costa & Kooyman, 1982; Kruuk & Balharry, 
1990). Grooming behaviour restores the air layer 
in the fur and is necessary to ensure insulation in 
furred mammals living in aquatic environments. 
This has been confirmed and studied by direct 
observation in aquatic mammals such as pinni-
peds and sea otters (Liwanag, 2010). These ani-
mals rub the fur with their hands or pectoral flip-
pers during grooming while rolling on the surface 
of the water and sometimes shaking their bodies 
to remove water contained in the fur to prevent it 
from compressing and fouling (Fish et al., 2002).

Northern fur seals (Callorhinus ursinus) are a 
top predator in the North Pacific Ocean (Gentry & 
Kooyman, 1986). Northern fur seals have one of 
the thickest fur coats of any mammal, following 
the aquatic and semi-aquatic mustelids such as the 
sea otter (Enhydra lutris) and the North American 
river otter (Lontra canadensis) (Scheffer, 1964; 
Liwanag et al., 2012). The skin temperature of 
adult fur seals is maintained higher than that of 
ambient water or air, indicating that the fur of 
these animals serves an important insulation 
function (Irving et al., 1962). Therefore, groom-
ing during a foraging trip is essential. Previous 
studies of captive northern fur seals using open-
flow respirometry have shown that the grooming 
behaviour resulted in significant increases in met-
abolic rate relative to rest (Liwanag, 2010). Other 
studies have reported that 16% of each day is 
spent grooming in the captive Guadalupe fur seal 
(Arctocephalus townsendi) (Feldman & Parrott, 
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1996), and 9% of the day is spent grooming in 
free-ranging sea otters (Yeates et al., 2007). 

The proportion of time spent on grooming was 
considered high in these studies. Detecting and 
monitoring grooming behaviour are important 
to estimate the energy budgets of free-ranging 
northern fur seals. When direct observations are 
impossible, animal-borne data loggers have been 
used to assess the behaviour of aquatic mam-
mals (Le Boeuf et al., 1988). Although many 
studies have investigated the diving behaviour 
of free-ranging northern fur seals (Goebel et al., 
1991; Ponganis et al., 1992; Sterling & Ream, 
2004; Kuhn et al., 2010), there is little informa-
tion about grooming in these seals in the ocean. 
For example, Insley et al. (2007) used acoustic 
data loggers to measure the behavioural activity 
budget during a foraging trip and showed active 
surface time defined as irregular non-dive-related 
movements while the northern fur seal was at the 
surface, evidenced by multiple noisy events such 
as rhythmic rubbing-like sounds and broadband 
signals in the acoustic record; however, grooming 
behaviour was not identified. Thus, a new tech-
nique is required to examine the detailed move-
ments of animals under natural conditions. The 
acceleration data logger has been used to measure 
propulsion stroke, porpoising, and pitch angle of 
diving marine animals (Yoda et al., 2001; Sato 
et al., 2003; Watanabe et al., 2004, 2012). In this 
study, we examined consistency between behav-
ioural records obtained from an animal-borne 
acceleration data logger and video observations 

of a captive northern fur seal to detect grooming 
behaviour. 

Methods

The experiments were conducted at the Izu Mito 
Sea Paradise in Shizuoka, Japan, in October 2008 
with a captive northern fur seal (length: 106 cm, 
body mass: 26 kg) that arrived at the aquarium 
1.5 y ago. The instrument was attached between 
the scapulae on the dorsal fur along the spine using 
quick-setting epoxy while the seal was physically 
restrained or sedated using a sedative (Horizon, 
Astellas, Tokyo, Japan) and anaesthetic (Zoletil100, 
Virbac Laboratories, Carros CEDEX, France). The 
seal was released into a pool (length: 6 to 10 m; 
width: 22 m; depth: 4 m; volume: 600 tons) after 
recovery from anaesthesia. The acceleration data 
logger (diameter × length: 26 × 174 mm; weight 
in air: 135 g; 3MPD3GT, Little Leonardo Ltd, 
Tokyo, Japan) recorded the diving depth, tempera-
ture, swimming speed, three axes of magnetic field 
intensity at 1 Hz, and three axes of acceleration 
(longitudinal, lateral, and dorsoventral) at 16 Hz 
(Figure 1). Swimming behaviour of the northern 
fur seal was recorded using three digital video 
cameras (SDR-S300, Panasonic, Osaka, Japan; 
IXY-DV-M5, Canon, Tokyo, Japan; HDR-HC3, 
Sony Corporation, Tokyo, Japan), while accelera-
tion data using the data logger was collected. The 
data logger was recovered after the experiments. 

The authors analysed the depth and acceleration 
data using IGOR Pro, Version 6.0 (WaveMetrics, 
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Figure 1. Schematic diagram showing the directions of surge (dotted arrow), sway (black arrow) and heave (grey arrow) axes of the data logger 
attached to the back of a northern fur seal. 
 

Figure 1. Schematic diagram showing the directions of surge (dotted arrow), sway (black arrow), and heave (grey arrow) 
axes of the data logger attached to the back of a northern fur seal
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Inc., Lake Oswego, OR) and Ethographer 
(Sakamoto et al., 2009), which is plug-in software 
in IGOR. Grooming was defined as both rolling on 
the surface of the water and rubbing the fur with 
the flippers following Liwanag (2010). If the depth 
was ≤ 0.5 m, it was classified as a surface behav-
iour. Using software IFDL (IGOR Filtering Design 
Laboratory [IFDL], WaveMetrics, Inc., USA), the 
three axes of acceleration data measured by the 
logger were broken into a static component related 
to the orientation of the animal with respect to grav-
ity and a dynamic component imposed by specific 
movements such as walking and swimming (Yoda 
et al., 2001; Sato et al., 2003; Watanabe et al., 
2012). For example, a static component of longi-
tudinal acceleration is used to distinguish a posture 
of a penguin such as standing (ca. 9.8 m/s2) and 
lying (ca. 0 m/s2). And standing on land and walk-
ing can be distinguished using a dynamic com-
ponent of accelerations because the large lateral 
swings of walking penguins affect the acceleration 
pattern recorded by loggers (Yoda et al., 2001).

Rolling was defined as the movement of the 
northern fur seal around its longitudinal axis. 
A rolling cycle lasted 1.5 to 10 s (Figure 2). 
Therefore, low-frequency (< 0.6 Hz), gravity-
based acceleration in the lateral and dorsoventral 
directions was used to detect rolling on the sur-
face. We used spectral analysis and k-mean clus-
tering in Ethographer (Sakamoto et al., 2009) to 
derive the long-period (1.5 to 10 s) oscillations 
resulting from rolling activity. If a long-period 
oscillation was detected from both lateral and dor-
soventral acceleration axes by the k-means cluster 
every second, the activity was categorised as roll-
ing. And if rolling was classified during surface, 
we called it surface rolling.

When rubbing, the northern fur seal rolled to 
its side and moved the upper pectoral flipper side 
to side to rub the fur 1 to 3 times/s. These pecto-
ral flipper movements were detected from high-
frequency components (≥ 0.6 Hz) of dorsoventral 
acceleration. After extracting the high-frequency 
components, the remaining peaks and troughs 
were considered to be the oscillating motion of 
pectoral flipper movement if the gap between the 
positive peak and neighbouring negative peak 
> 1.0 m/s2 was within a 0.5-s window (Figure 2). 
And when flipper movement was detected during 
surface rolling, we called it surface rolling-F. A 
northern fur seal uses its flipper to rub its fur; 
however, strokes during rolling without rubbing 
were also detected using this definition. Thus, 
rubbing could not be distinguished from stroking. 
To solve this problem, we used high-frequency 
components (> 3 Hz) of lateral acceleration. 
During rubbing, high-frequency components of 
lateral acceleration showed larger amplitudes 

(Figure 2b). If the maximum absolute amplitude 
of the high-frequency components of lateral accel-
eration in a 1-s window was > 1.5 m/s2, the activ-
ity was categorised as grooming-associated. A 
major source of these high-frequency components 
was from the northern fur seal scrubbing its fur 
and skin near where the data logger was attached. 
In contrast, the amplitude of high-frequency com-
ponents during rolling without rubbing was lower 
(Figure 2a). Grooming behaviours identified from 
the logger data during the depth data were classi-
fied as surface rolling with grooming-associated 
activities. 

Shaking activity could also be detected from 
high-frequency components, and the amplitude 
was much higher than that of rubbing. Shaking 
was defined as the peaks and troughs with abso-
lute values > 20 m/s2 occurring more than two 
times within 1 s using the high-frequency compo-
nents of the lateral acceleration data.

Results

Surface rolling behaviours were observed during 
the video observations at 11 surface phases, and 
ten of them are associated with grooming. One 
surface rolling event without grooming occurred 
just after we added a live Japanese jack mack-
erel (Trachurus japonicus) to the tank to monitor 
foraging behaviour (Iwata et al., 2009), but the 
northern fur seal failed to catch the fish because 
it escaped under the slope. In the video, the seal 
rolled with its head down and looked for the fish 
on the surface after a chasing dive. 

From the logger data, surface rolling was found 
in 13 surface phases. All of the surface rolling 
included flipper movement; therefore, they were 
classified as surface rolling-F. Ten of these behav-
iours were the same as the surface phases, includ-
ing the grooming behaviour in the video obser-
vations. One case was a surface phase when the 
northern fur seal rolled without rubbing, which 
was described above. In the other two cases, sur-
face rolling-F behaviour was detected when the 
seal turned with its side down while stroking just 
before it submerged. 

Grooming behaviour from the logger data was 
detected from 11 surface phases. Ten of these were 
the same surface phase as the grooming behaviour 
observed during video observations. In one other 
case, only shaking with no rubbing was observed.

Shaking was recorded eight times, all of which 
were at exactly the same times as the video obser-
vations. Shaking duration, cycle, and frequency 
were 1.6 ± 0.3 s (0.8 to 1.8 s), 10.9 ± 2.1 cycles 
(6 to 13 cycles), and 7.1 ± 0.7 Hz (5.5 to 7.7 Hz), 
respectively.
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Discussion

The results of the current study show that groom-
ing behaviour can be detected from an accelera-
tion data logger placed on the back of a northern 
fur seal. Grooming behaviour was detected in the 
video observations by the depth data (≤ 0.5 m), 
the low-frequency (< 0.6 Hz) components of lat-
eral and dorsoventral acceleration, and the high-
frequency (> 3 Hz) components of lateral accel-
eration when grooming behaviour was defined as 
rubbing motions with a rolling movement. The 
high-frequency components of lateral acceleration 
data were considered because of the subtle motion 
of the skin during scrubbing. 

Shaking is very important because water is 
removed from the fur to dry the animal (Dickerson 
et al., 2012). Therefore, shaking the head may be 
effective to dry the neck and head fur above the 
sea surface. The frequency of acceleration during 
shaking was 7 Hz; therefore, recording accelera-
tions at 16 Hz may have been a lower limit in 
detecting this behaviour. The number of shaking 
bouts in the lateral acceleration data was exactly 
the same as that in the video observation data. In 
a previous study, the authors examined matches 
between the acceleration records obtained from an 

animal-borne data logger and video observations 
of prey captured by a captive northern fur seal 
(Iwata et al., 2009). However, some prey-capture 
events were not detected accurately because they 
can be very complex movements. In comparison, 
grooming and shaking behaviours were accu-
rately detected in this study because these two 
behaviours are simpler movements. When we 
observed free-ranging northern fur seals in the 
ocean, grooming and shaking behaviours were 
rarely different from those of a northern fur seal 
under captive conditions (Iwata & Mitani, unpub. 
data). Therefore, we suggest that the grooming 
behaviour study methods utilizing acceleration 
data of the northern fur seal used here, although 
it was only one animal, could be adapted to detect 
grooming behaviour and shaking in free-ranging 
northern fur seals.

Grooming behaviour in furred aquatic mammals 
could have two purposes: (1) restoring the effec-
tiveness of insulation and (2) serving to counteract 
heat loss in cold water by increased heat produc-
tion (Liwanag, 2010). Therefore, aquatic mammals 
must groom to prevent fouling and compression of 
the fur, although the energy cost of grooming is 
high for aquatic mammals (Williams, 1989; Yeates 
et al., 2007; Liwanag, 2010). Shaking is thought to 

Figure 3. An example of the results classification for the shaking behaviour (arrow) as observed on video. The vertical axes 
are in m/s2.
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be a movement to keep the fur clean. Some accel-
eration data logger studies have detected detailed 
movements such as stroking, high-frequency 
body movements (e.g., porpoising), and events 
associated with prey capture (e.g., sudden turns 
and lunge) in free-ranging aquatic animals (Yoda 
et al., 2001; Sato et al., 2003; Kokubun et al., 
2011; Iwata et al., 2012). These movements pro-
vide crucial information to quantitatively estimate 
animal energy budgets. In addition to these move-
ments, grooming behaviour must be detected to 
accurately estimate energy budgets in furred, free-
ranging aquatic animals because the energy cost 
of grooming is high. We detected shaking as an 
intense, high-frequency movement, which is con-
sidered to have a higher energy cost than groom-
ing because the shaking acceleration data were of 
a high amplitude compared with grooming accel-
eration data. Using our methods, the energy budg-
ets of the free-ranging northern fur seals could 
be more accurately estimated using an index of 
energy cost (grooming, shaking, and stroke) and 
benefit (prey-capture event). 
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