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Abstract. Active acoustic emission from a mother to a calf after parturition is one strategy used to
enhance recognition of mothers by calves and develop, then maintain, a mother—calf bond from an
early stage. This study predicted that a high-calling postpartum period exists in a social delphinid, the
Pacific white-sided dolphin (Lagenorhynchus obliquidens). This species produces pulsed call sequences
for vocal exchange with conspecifics, and these sequences appear to be an important signal between
mothers and calves. Sounds were recorded from three pregnant females at the Niigata City Aquarium,
Marinepia Nihonkai, Japan, before and after each birth in 2019, 2020, and 2021 to investigate the rate
of their pulsed call sequences. Continuous data from prior to four days to five days following parturi-
tion, opportunistic data within the last pre-parturition month, and data from the postpartum period were
obtained from the females. The pulsed call sequence gradually increased during the last gestational
month. A high-rate sequence was repeated daily for four days pre-parturition and faded within several
hours postpartum, and few sequences were produced from the day after parturition. Contrary to our
prediction, the many pre-parturition sequences and fewer postpartum sequences suggest a low effi-

ciency of postpartum imprinting in this species.

Key words: birth, contact call, imprinting, mother—calf, parturition.

Changes in the call production of mothers related to par-
turition have been reported in some mammalian species
such as pinnipeds, ungulates, and toothed whales. The
calling activity of Galapagos fur seal (Arctocephalus
galapagoensis) and sea lion (Zalophus californianus
wollebaeki) mothers was high during the initial days of a
pup’s life (Trillmich 1981). Red deer (Cervus elaphus)
mothers produced postpartum calls more often than
pre-parturition (Vanikova and Malek 1997), and a higher
calling rate during the first two weeks after birth than
subsequent postpartum experimental periods was docu-
mented in the pampas deer (Ozotoceros bezoarticus)
(Olazébal et al. 2013). Domestic goats (Capra hircus)
produced frequent calls from the hour preceding partu-
rition to 4-6 h postpartum (Lickliter 1985). Similarly,
high-rate bleats were observed in sheep (Ovis aries)

during labor and the early postpartum period (Dwyer et
al. 1998; S¢be et al. 2007); mothers increased bleats in
the last 3 h before parturition, and a peak of bleats was
observed during the first 3 h following parturition, con-
sequently, the number decreased until 12 h postpartum,
and subsequently remained low (S¢be et al. 2007).

In odontocetes, the acoustic activity of mothers before
and after parturition has been investigated in common
bottlenose dolphins (7ursiops truncatus) and belugas
(Delphinapterus leucas). Common bottlenose dolphins
use individually distinct “signature whistles” (Caldwell
and Caldwell 1965; Caldwell et al. 1990) to maintain
contact with conspecifics (Janik and Slater 1998) in their
extensive social networks (Connor et al. 2000). Signature
whistles are also used to facilitate mother—calf reunions
after separation (Sayigh et al. 1990; Smolker et al. 1993;
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Tyack and Sayigh 1997; Mello and Amundin 2005; King
et al. 2013). Some studies have shown the use of signa-
ture whistles by mothers before and after parturition;
during a calf’s first week following birth, the occurrence
of signature whistles produced by a mother interacting
with her calf increased (Fripp and Tyack 2008; Ames et
al. 2019), and thereafter declined and remained low
(Ames et al. 2019). However, special cases of calf theft
(Fripp and Tyack 2008) and calf switching (King et al.
2016) may affect the duration of high-acoustic activity in
mothers. The signature whistle production of a mother
whose calf was stolen by another mother immediately
after birth and was returned to the sixth day increased for
two weeks postpartum (Fripp and Tyack 2008). The sig-
nature whistle rate of mothers who switched calves in
the third week after birth remained high at four weeks
postpartum (King et al. 2016).

Belugas produce various calls. One type of pulsed call
that sounds like a creaking door is thought to be used as
a contact call to maintain group cohesion in their fission—
fusion society (Michaud 2005; Colbeck et al. 2013;
O’Corry-Crowe et al. 2020) because it is commonly pro-
duced in the context of separation (Mishima et al. 2015),
is used in vocal exchanges (Morisaka et al. 2013; Mishima
et al. 2018), and contains individuality (Morisaka et al.
2013; Mishima et al. 2015, 2018; Vergara and Mikus
2019). Like common bottlenose dolphins, beluga mother—
calf pairs use contact calls to maintain their bond (Vergara
and Barrett-Lennard 2008; Vergara et al. 2010; Ames
and Vergara 2020). The highest rate of contact calls pro-
duced by mothers occurred during a recording period of
2 h following birth, compared to other recording sessions,
such as separation, re-introduction, and normal behavior
(Vergara et al. 2010). A mother was silent during the last
five days prior to parturition, while one of her three call
subtypes was more frequently produced during the 2 h
following birth, and another subtype comprised most of
her sounds from day three post-birth to three months later
(Vergara and Barrett-Lennard 2008; Vergara et al. 2010).
Alternatively, another mother, who had two subtypes of
her individually distinctive call type, produced both sub-
types regularly for two months pre-parturition. She used
one subtype for one month postpartum and, thereafter,
hardly produced either subtype for two years postpartum
(Ames and Vergara 2020). Therefore, several postpartum
emissions of certain calls by mothers seem to be related
to birth in belugas as well as in common bottlenose
dolphins.

Researchers have discussed various physiological and
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functional factors, such as stress, restlessness, arousal,
hormones (e.g., estrogen and cortisol), and imprinting,
which are not mutually exclusive and could cause high
acoustic activity in pre- and postpartum mothers (e.g.,
Dwyer et al. 1998; Mello and Amundin 2005; Sébe et al.
2007; Ames et al. 2019). Imprinting is known to enhance
the recognition of mothers’ calls by calves and allows
mother—calf dyads to develop and maintain their bonds at
an early age. According to playback experiments, ten-
day-old Galapagos fur seal and sea lion pups could
recognize their mother’s call (Trillmich 1981). Recogni-
tion of mothers’ calls by pups could be established within
two to five days postpartum in subantarctic fur seals (A.
tropicalis) (Charrier et al. 2001) and between ten days
and two months of age in Australian sea lions (Neophoca
cinerea) (Pitcher et al. 2009). In ungulates, sheep calves
at 48 h after birth and goat calves at least one week after
birth can recognize their mother’s calls (Sebe et al. 2007;
Briefer and McElligott 2011).

Mann and Smuts (1998) hypothesized that imprinting
for mother—calf recognition may occur during the first
few days of life in Indo-Pacific bottlenose dolphin (7.
aduncus) calves. The period when mother—calf recog-
nition is established is usually associated with the age of
the first mother—calf separation (e.g., as the subantarctic
fur seal: Charrier et al. 2001). In Shark Bay, Australia,
calves begin to separate from their mothers in the second
week after birth (Mann and Smuts 1998, 1999). The
mothers prevented calves from straying to other dolphins
during the initial few days but began to allow them by the
second week (Mann and Smuts 1998). Given the period
when mothers allow their calves to separate socially,
imprinting may be completed within approximately the
first week with this species (Mann and Smuts 1998).
Subsequent studies of common bottlenose dolphins found
a high whistling rate in mothers about one week after
parturition, which supported the imprinting hypothesis
(Fripp and Tyack 2008; King et al. 2016; Ames et al.
2019).

The current study predicted a similar pattern of
acoustic activity for mothers in another delphinid spe-
cies, the Pacific white-sided dolphin (Lagenorhynchus
obliquidens). Although Black (1994) suggested this spe-
cies exhibits fission—fusion dynamics and forms long-
term associations with certain individuals, information
about the details of their social structure is scarce. Pacific
white-sided dolphins produce a unique and rhythmic call
named “pulsed call sequences” that are successions of
three or more pulsed calls with inter-call intervals of less
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than 325 ms and that have a repeated structure composed
of several types of pulsed calls (Mishima et al. 2019).
Pulsed call sequences are clearly divided into types, and
each dolphin preferentially uses a specific type of
sequence, although sharing of sequence types has also
been observed (Mishima et al. 2019). Pacific white-sided
dolphins produce the pulsed call sequences particularly
in mixed contexts of foraging and milling, or traveling
(Henderson et al. 2011) as well as in the context of
separation (Mishima et al. 2019). Therefore, these call
sequences are likely to promote group cohesion and
coordination during search behavior, a transition to
another behavior, and separation (Henderson et al. 2011;
Mishima et al. 2019). Similar to the signature whistles
of common bottlenose dolphins and the pulsed calls of
belugas, pulsed call sequences appear to be an important
signal for the mother—calf bond in Pacific white-sided
dolphins.

In captive Pacific white-sided dolphins, calves begin
to associate with conspecifics within an average of six
days (range of four to seven days; Smith 2019), which is
comparable to bottlenose dolphins (Mann and Smuts
1998, 1999; Gubbins et al. 1999). Therefore, we hypoth-
esize that many call emissions from mothers to their
calves may occur for approximately one-week postpar-
tum to facilitate the early recognition of mothers by
calves. In this study, we recorded sounds from three
mothers at an aquarium for pre- and postpartum days and
months. Pulsed call sequences were extracted from
recordings and classified into types. Changes in the num-
ber of sequences in mothers per minute were investigated
before and after parturition to elucidate the possibility of
imprinting in this species.

Additionally, the calling of mothers is expected to
correlate with their physiology. A decline in body tem-
perature before parturition has been observed in many
cetaceans such as common bottlenose dolphins (Terasawa
et al. 1999), killer whales (Orcinus orca) (Katsumata et
al. 2006b), harbor porpoises (Phocoena phocoena)
(Blanchet et al. 2008), and spotted dolphins (Stenella
attenuata) (Ikeshima et al. 2021). The relationship
between the production rates of pulsed call sequences for
mothers and their body temperature, which is an indirect
physiological indicator controlled by hormones, was also
analyzed in parallel during the pre-parturition period to
investigate the possibility that hormones cause the acous-
tic activity in mothers. For example, body temperature
changes during the estrous cycle are positively correlated
with progesterone levels in a female beluga (Katsumata
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et al. 2006a) and a female killer whale (Kusuda et al.
2011). The acrophases of diurnal rhythms in body tem-
perature and cortisol levels were observed at approxi-
mately the same time in male Indo-Pacific bottlenose
dolphins (Funasaka et al. 2011). Cortisol levels have
been used as a stress indicator, as they increased during
stressful situations in common bottlenose dolphins (Noda
et al. 2007) and their whistle rate also increased under
stress, such as brief capture-release events (Esch et al.
2009) and vessel approaches (Buckstaff 2004; Guerra et
al. 2014). Therefore, if the production rates of pulsed
call sequences for mothers are significantly correlated
with their body temperature during the pre-parturition
period, we hypothesize the possibility of hormonal effect
occurring on the acoustic activity of mothers.

Materials and methods

Facility and subjects

This study was conducted in the Niigata City Aquar-
ium, Marinepia Nihonkai, Niigata, Japan. The social
group included one adult male and three adult female
Pacific white-sided dolphins, along with three adult com-
mon bottlenose dolphins, were kept in a dolphin pool at
the start of the study in July 2019. The study subjects
were three adult female Pacific white-sided dolphins,
#F1, #F2, and #F3 (daughter of #F1). All females were
rescued from the coastal waters of the Noto Peninsula in
Ishikawa, Japan. The number of years they came to the
aquarium was 2007 for #F2, and 2015 for #F1 and #F3
(Table 1). In this species, conception typically occurs
from June to October (Ferrero et al. 1993; Heise 1997,
Robeck et al. 2009), and they have a gestation period of
approximately 12 months (Heise 1997; Robeck et al.
2009). #F1 gave birth to a male calf on 29 July 2019,
#F2 gave birth to a male calf on 4 August 2020, and #F3
gave birth to a female calf on 13 July 2021 (Table 1). All
mothers and calves were healthy. A main show pool and
three other pools were interconnected, and recordings
were taken at the indoor pool with a maximum depth of
3 m (Fig. 1). Recording system A was used for #F1 and
#F3, and recording system B was used for all mothers.
The present study was conducted according to the guide-
lines of the Animal Experiment Committee of the Tokyo
University of Marine Science and Technology (Approval
No.: R2-5). This observational study did not involve
handling of animals and did not affect the welfare of
dolphins.
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Table 1. Information on the subjects and recording details
#F1 #F2 #F3 (daughter of #F1)
Body length in the year of parturition 207 cm 202 cm 211 cm
The date they came to the aquarium 15 February 2015 17 April 2007 15 February 2015
Parturition date 29 July 2019 4 August 2020 13 July 2021
Sex of the calf Male Male Female

The day that body temperature began to
fall

The day that temporary introduction of
the conspecifics began

4 days before parturition

52 days after parturition

2 days before parturition 4 days before parturition

12 days after parturition® 11 days after parturition**
(A training™** began at 5 days after

parturition)

Recording system A (autonomous sound recorder)

Recording periods Continuous recordings None Continuous recordings from —33 to 24
from —18 to 21 days after days after parturition
parturition Continuous recordings for approx. 20
days in each month of the 3—6 months
after parturition
Analyzed data
Data recordings were analyzed only Continuous data from None Temporary data (50-90 min recordings)

when it was confirmed that the
mother was isolated (with her calf) in
the indoor pool.

—4 to 5 days and 24-h data
on 10, 15, and 20 days
after parturition

between 1130-1430 h on days 25, 24, 23,
17, 8, 7, and 6 before parturition

Continuous data from —4 to 4 days and
24-h data for 2, 4, 2 and 8 days in the
3rd, 4th, 5th, and 6th months after
parturition, respectively

Recording system B (two hydrophones)

Recording sessions for approximately
lh

Five sessions on birthday
at0, 1,2, 7, and 8 h after
parturition

Six sessions on birthday at
1 h before and 0, 1, 2, 10,
and 11 h after parturition

Five sessions on birthday at 8, 7, and 2 h
before and at 0 and 21 h after parturition

Three sessions on the
eighth day after parturition

Three sessions on the
twenty-fourth day after
parturition

* In one instance, #F1 was introduced into the indoor pool for only 1 h on the day after #F2 parturition.
** In this instance, #F1 was introduced into the indoor pool for only 2 h on the day following #F3 parturition.
**% The training for #F3 calf to move between the indoor pool and adjacent pool with #F3 began before the temporary introduction of conspecifics.

main show pool

Fig. 1.

Schematic of the dolphin pool. An autonomous sound

recorder for recording system A was placed at the dashed circle in the
indoor pool, and the two dots represent the hydrophones for recording
system B. Observation with a video camera was conducted from the
wide outside arrow.
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Recording system A for #F1 and #F3

An automatic underwater sound monitoring system,
the AUSOMS-mini Stereo (AquaSound, Kobe, Japan),
was used around the parturition days of #F1 and #F3
only (recording system A). The system recorded sounds
from 100 Hz to 23 kHz with a dynamic range between 70
and 160 dB re 1 pPa. The gain was set to 47 dB, resulting
in the sensitivity of the system to be approximately
—160 dB re 1 V/pPa. Compressed Windows Media Audio
(WMA) format, with a bit rate of 128 kbps, allowed con-
tinuous recording for a maximum of 23 days but limited
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the effective frequency band to 19 kHz. Although it did
not cover the frequency band of the pulsed call sequences,
which were suggested to have energies up to approxi-
mately 150 kHz (Mishima et al. 2019), the pulsed call
sequences could be identified and their types could also
be discriminated. The autonomous sound recorder was
submerged in the indoor pool to a depth of 1.1 m (Fig. 1).

Continuous recordings were conducted from 18 days
before to 21 days after #F1 parturition and from 33 days
before to 24 days after #F3 parturition with some replace-
ments of the batteries and storage cards of the autono-
mous sound recorder (Table 1). Additional recordings
were made for #F3 only, during the third to sixth month
postpartum for a duration of approximately 20 days. The
limited data that were recorded only when the target
female was isolated (with her calf after parturition) in the
indoor pool were used for analysis.

Isolation periods of mothers and calves

Individual pregnant females were isolated in the indoor
pool, and continuous isolation began when their body
temperature started dropping (four days, two days, and
four days before parturition of #F1, #F2, and #F3,
respectively) (Table 1). After parturition, the females
remained isolated in the pool with their newborns until
temporary introduction of other dolphins began on calf
day 52 for #F1, day 12 for #F2, and day 11 for #F3. How-
ever, training for the #F3 calf to move between the indoor
pool and the adjacent pool with #F3 began on the calf’s
fifth day before the temporary introduction of conspe-
cifics, therefore, their continuous isolation in the indoor
pool was completed on the calf’s fourth day. Data obtained
from recording system A during continuous isolation
were used for analysis.

Before continuous isolation began, pregnant females
were temporarily isolated. Similarly, after continuous
isolation was completed, mother—calf pairs were tempo-
rarily isolated. Opportunistic and temporary isolation
with a uniform time zone was recorded only for #F3; for
50-90 min between 1130 and 1430 h on several days
during the one month prior to its parturition, and two to
eight approximately 24-h isolations per month with her
calf during the third to sixth months postpartum (Table 1).
Data from recording system A obtained during temporary
isolations were additionally analyzed for #F3. During
isolation, the lattice between the indoor pool and the
adjacent pool was closed, preventing visits between pools
but still enabling acoustical and visual communication
through the lattice (Fig. 1).
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Recording system B for all mothers

Discrete short-term broadband recordings were made
with recording system B. The recording system was
composed of two AQH-200 hydrophones (AquaSound,
Kobe, Japan), which exhibited a flat frequency response
from 20 Hz to 200 kHz (over —220 dB re 1 V/uPa); an
Aquafeeler III preamplifier (AquaSound, Kobe, Japan),
which had an analog bandpass filter between 1 and
200 kHz and amplified by 50 dB; and an EZ7510 data
recorder (NF, Yokohama, Japan), with 500-kHz and
16-bit sampling. This recording equipment covered the
frequency band of the pulsed call sequences (Mishima et
al. 2019). The hydrophones were submerged at a depth of
0.8 m and separated by 7.0 m (Fig. 1). Video recordings
were also performed using an HDR-CX485 video camera
(Sony, Tokyo, Japan) to obtain the position of the female.
The time synchronization between the recorder and video
was conducted by taking a video of the recorder’s clock.

#F1 and #F3 data obtained with recording system B
were used to verify the accuracy of caller identification
in recording system A data (details are described below).
Data of five discrete recording sessions of approxi-
mately 1 heachat0, 1,2, 7, and 8 h after parturition were
used for #F1. Similarly, data of five 1-h sessions at &, 7,
and 2 h before and 0 and 21 h after parturition were used
for #F3 (Table 1).

Recording sessions were also performed with #F2.
The discrete short-term data obtained with recording
system B from parturition day to one month after par-
turition were used for pre- and postpartum analyses of
#F2 because recording system A included no data for
#F2. Six 1-h sessions were conducted 1 h before and 0,
1, 2, 10, and 11 h following parturition, and three 1-h
sessions were performed on days eight and 24 after #F2
parturition (Table 1). All data were obtained during the
isolation of the mothers (including with their calves
after parturition).

Identification of pulsed call sequences

Pulsed call sequences were extracted by the first author
for both recording systems using Audacity version 2.4.2.
(Audacity Team 2000) based on the definition of a
succession of three or more pulsed calls with inter-call
intervals of less than 325 ms (Mishima et al. 2019).
The “pulsed call” is a succession of pulses with inter-
pulse intervals of less than 10 ms (Lammers et al. 2004).
Pulsed call sequences were acoustically and visually clas-
sified into types on a spectrogram.
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Identification of callers

It was impossible to identify callers using only the
autonomous sound recorder of recording system A, if two
or more dolphins were present in the indoor pool. How-
ever, when the pregnant females were isolated in the
indoor pool before parturition, their pulsed call sequences
could be relatively identified because sounds in the indoor
pool were less attenuated at the location of recording
system A than sounds from the other pools (Fig. 1). When
the target mother and calf were isolated in the indoor
pool after parturition, the mother’s sequences could also
be identified, because her calf did not produce stereo-
typed sequences during the recording period (unpub-
lished data). However, the caller identification method
that is based only on a relative comparison of the sequence
amplitude is less reliable.

Meanwhile, caller identification in recording system B
could be based on a commonly used method using the
time-of-arrival difference. When the position estimated
by the time-of-arrival difference of a sequence between
the hydrophones corresponded to the position of the
mother in the video data, the sequence could be identified
as being produced by the mother. In addition, sequences
can be produced by conspecifics in other pools. However,
when the mother produced a sequence on the left side of
the left hydrophone in the indoor pool (Fig. 1), the
time-of arrival difference at the location of the hydro-
phones could not be used to determine whether the
sequence was produced by the mother or the conspecifics
in other pools. Only in such cases, we used relative
amplitude and frequency characteristics, as the sequences
of the conspecifics in other pools were attenuated,
especially the high-frequency component. However, the
sequences of the mother could be clearly recorded in
broadband for both hydrophones and easily identified. If
a conspecific was housed in the adjacent pool, remained
near the lattice between the pools, and directed its head
towards the indoor pool, and if the mother also swam on
the left side of the hydrophone, we would not be able to
use time-of arrival difference, relative amplitude, and
frequency characteristics, and we would not be able to
identify which individual produced the sequence. How-
ever, no such ambiguous data were obtained in the
present study.

The first author performed all caller identification. For
the #F1 and #F3 data, the number of each of the mother’s
sequences and the number of the sequences of the con-
specifics were compared between recording systems A
and B to verify the caller identifications made in record-
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ing system A. The data from recording systems A and B
were synchronized using a clock to find the correspond-
ing sequences. The number of pulsed call sequences pro-
duced by the mother and conspecifics identified in each
session of recording system B was compared with those
in recording system A during the corresponding time
window. If the values were similar, calculation of the
mothers’ sequences using recording system A was used
for further analysis of #F1 and #F3.

Analysis of mothers’ pulsed call sequences

The sequence type used by each mother was first
investigated using recording system B with high acoustic
quality. When we verified that the calculation of the
sequences of mothers using recording system A was
usable, continuous long-term data were used to analyze
the production rates of #F1 and #F3 before and after
parturition in the following three time periods. First, the
number of pulsed call sequences by #F3 per minute dur-
ing 50-90 min on each of the 11 days in the last month of
gestation was investigated. Second, the hourly production
rates (number of pulsed call sequences per minute for
each hour) from 95 h prior to parturition to 48 h postpar-
tum were investigated for #F1, and from 98 h prior to
parturition to 48 h postpartum for #F3. As pulsed call
sequences were often exchanged within 1 s (Mishima et
al. 2019), such adjacent sequences exchanged before and
after the mother’s sequence with conspecifics in other
pools were considered vocal exchanges, and the number
of exchanged sequences per minute was also calculated
for each hour. Third, daily production rates (calculated by
averaging hourly rates for 24 h) were investigated from
four days pre-parturition to five days postpartum, and on
days ten, 15, and 20 postpartum for #F1, and from four
days pre-parturition to four days postpartum and in each
of the third to sixth months postpartum for #F3.

Only the data from recording system B were col-
lected from #F2; therefore, discrete short-term data
were used for the analysis of #F2 and the number of
pulsed call sequences per minute was calculated per
session.

Body temperature

Voluntary rectal temperatures were obtained from the
pregnant females to predict the onset of parturition and
the interrelationship between body temperature and
acoustic activity. A thermometer (Terumo Finer CTM-
303; Terumo, Tokyo, Japan) was inserted into the rectum
at a depth of 30 cm. Temperatures were taken by aquar-
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Fig. 2. Type-1 (a) and Type-2 (b) pulsed call sequences. Type 1 comprised two elements of pulsed calls with several repetitions. Type 2 was
composed of three successive elements of pulsed calls. Spectrograms were generated by short-time Fourier transform (STFT) with a fast Fourier

transform (FFT) size of 1024 points, Hanning window, and 50% overlap.

ium staff twice per day until a decrease was noted, and
then three to ten times per day thereafter.

Statistical analysis

Differences in the number of pulsed call sequences
identified between recording systems A and B for #F1 and
#F3 were tested using the Wilcoxon signed-rank test. The
relationship between the days in the last pre-parturition
month and the mother’s production rate was analyzed by
Spearman’s rank correlation. The coefficient of variation
(CV) was used to examine the variability in acoustic
activity within and between days. The CV was calculated
according to the following formula: CV = (SD/mean) x
100, where SD is the standard deviation. The ratio of
within-day CV (CVw) to between-day CV (CVb) was
used to show the relative within-day variability. CVw
was calculated for each day from the mean and standard
deviation of the hourly production rates within a day,
and meanCVw was the mean of the CVw. CVb was esti-
mated from the grand mean and standard deviation
based on mean values of each day. A meanCVw/CVb
ratio of > 1 indicated that the production rate of mothers
was relatively more variable within days (Gasser et al.
2009). Spearman’s rank correlation test was performed to
test the correlation between body temperature and hourly
production rates. The statistical analyses in this study
were performed using MATLAB version 2021b (The
MathWorks, Inc., USA).
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Results

Types of pulsed call sequences

The pulsed call sequences of this captive population
were primarily divided into two types: Type 1 and Type 2
(Fig. 2). Type 1 comprised two elements of pulsed calls
with several repetitions, whereas Type 2 was composed
of three successive elements of pulsed calls. #F1 exclu-
sively produced Type 1 and never produced Type 2
throughout the data of recording system B. Similarly, #F2
produced only Type 2. #F3 produced only four Type-2
sequences out of the total (n = 213) in recording system
B, and the remaining 209 sequences were of Type 1.
Consequently, the rarely produced Type 2 of #F3 was
excluded from further analysis, and only Type-1 sequences
for #F1 and #F3 were counted in the long-term data of
recording system A.

Difference of the identified number of pulsed call
sequences between recording systems A and B

The number of hourly sequences recorded by recording
system B was compared to the number of sequences
recorded during the same time period by recording sys-
tem A (Supplementary Fig. S1). In #F1 recordings, the
number of Type-1 sequences produced by #F1 in record-
ing system A was marginally lower (mean: —0.8, range:
—3.0-0.0%) than the number of Type-1 sequences pro-
duced by #F1 in recording system B. The number of
sequences produced by conspecifics in the adjacent



26

pools was higher (mean: 6.8, range: 0.0—17.1%) in
recording system A than in recording system B. Similarly,
in #F3 recordings, the number of Type-1 sequences pro-
duced by #F3 in recording system A was lower (mean:
—4.3, range: —18.8 —0.0%) than that in recording system
B. The mean number of sequences produced by conspe-
cifics was higher (mean: 5.0, range: —13.6-25.0%) in
recording system A than that in recording system B.
Although there was a tendency toward lower estimation
of recording system A than of system B for the target
mothers and higher estimation of recording system A
than of system B for the conspecifics, the values calcu-
lated in recording system A did not significantly differ
from recording system B values (Wilcoxon signed-rank
test, Z = 30.5, P = 0.52) and were usable for further
analysis.

Production rate of pulsed call sequences produced by
the mothers

The pulsed call sequence production rate was calcu-
lated using #F3 data collected during temporary isolation
in the last month of gestation (Fig. 3). Our results indi-
cated a positive linear relationship between the negative
period from parturition and the number of sequences per
minute (Spearman’s rank correlation, 7,=0.86, P <0.005).

The hourly production rates of mothers’ pulsed call
sequences spanning the 95 h before #F1 parturition and
spanning the 98 h before #F3 parturition showed that
there were daily rhythms and higher acoustic activity was
found from evening to night (Fig. 4). The meanCVw of
the pre-parturition days for #F1 and #F3 were calculated
as 72.8 (67.2-82.6) and 74.1 (67.7-78.9), respectively.
The CVb of pre-parturition days for #F1 and #F3 were
calculated as 14.0 and 14.6, respectively. The meanCVw/
CV’b ratios were thus estimated to be 5.2 for #F1 and 5.1
for #F3; both were greater than 1. This result suggested
that, in the period of a few days before parturition, the
within-day variability was relatively higher than the
between-day variability. There were mothers’ sequences
that occurred in the vocal exchange with conspecifics, but
they occupied only 14.5 + 18.1% (mean + SD) and 37.3
+ 21.2% of sequence production in #F1 and #F3 before
parturition, respectively, and mothers often produced
sequences solitarily, particularly at night. The body tem-
perature decreased as parturition approached, and daily
rhythms also occurred, but there was no correlation
between body temperature and the mothers’ production
rate (Spearman’s rank correlation, r; = 0.40, P = 0.09 for
#F1 and r,=-0.07, P = 0.73 for #F3).
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Fig. 3. Production rates of pulsed call sequences for 25 days before
parturition. The number of sequences per minute was calculated using
the #F3 data collected for 50-90 min between 1130-1400 h.

The first production sequences after parturition were
determined to be 30 s for #F1, and 2 min 53 s for #F3.
#F1 produced sequences repeatedly with a rate of 5.65
sequence/min during the first hour postpartum. The pro-
duction rate decreased to 3.17 and 1.08 sequence/min
during the second and third hour postpartum, respec-
tively, and #F1 rarely produced sequences thereafter
(Fig. 4). The production rate of #F3 was 1.25 sequence/
min during the first hour postpartum but dropped there-
after, approximately 0.20 sequence/min during the sec-
ond and third hour postpartum. Both mothers produced
sequences again at a rate of approximately 1.00 sequence/
min during the daytime of their calves’ second day, but
they hardly produced sequences during the following
night, and the production rate of sequences remained low
during the daytime of the third day.

The daily production rates of pulsed call sequences
are shown in Fig. 5. In both #F1 and #F3, the high call-
ing rate suddenly reduced after the parturition day and
then were almost silent for over one month. The mean
sequence rate in the third, fourth, fifth, and sixth months
after #F3 parturition was 0.00 = 0.001, 0.02 £+ 0.01, 0.02
+ 0.005, and 0.01 £ 0.005 sequences/min, respectively.

From the data recorded for #F2 using recording system
B, the first production sequence after parturition was
determined to be 31 s. The #F2 sequence rates along the
1 h before parturition and 0, 1, 2, 10, and 11 h following
parturition were calculated as 0.07, 7.42, 5.42, 2.00,
3.52, and 2.08 sequence/min, respectively. The three 1-h
recordings on the eighth day after parturition showed
mean rates of 0.00 = 0.00 sequences/min. Similarly, the
three 1-h recordings on twenty-fourth day after parturi-
tion showed mean rates of 0.03 £ 0.05 sequences/min.
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Fig. 4. Hourly production rates of pulsed call sequences before and after the parturition of #F1 (a) and #F3 (b). The number of sequences per
minute was calculated each hour. The black bars show the rate of mothers’ sequences used for exchanges with conspecifics, and the grey bars show
the rate of mothers’ sequences produced solitarily. The circles are body temperatures. The light-off periods from evening to early morning are shown

as light grey shadows. The parturition occurred at the arrows. There was a lack of data during —26 and —27 h from #F1 parturition.
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Fig. 5. Daily production rates of mothers’ pulsed call sequences
before and after parturition. The number of sequences per minute was
calculated by averaging the hourly rate each day and each month. The
black line with cross markers and the gray line with triangle markers
show the results from #F1 and #F3, respectively.

Discussion

Contrary to our prediction, Pacific white-sided dolphin
mothers produced a relatively higher number of pulsed
call sequences during pre-parturition days than during
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postpartum days, and they hardly produced sequences
after several hours postpartum. Pacific white-sided dol-
phin mothers gradually increased the production rate of
pulsed call sequences during the last month of pregnancy
(Fig. 3). Pregnant common bottlenose dolphin females
also tended to increase the number of signature whistles
for seven months pre-parturition, and this trend was still
observed during the month preceding parturition, with
acceleration to a peak occurring in the last few days
(Mello and Amundin 2005). In addition, our hourly
analysis for #F1 and #F3 showed that intense acoustic
activity was repeated on a daily basis for four days
before parturition, and the production rate remained
above 1.00 sequence/min for several hours after parturi-
tion with individual differences (#F1: 3 h; #F2: > 11 h;
#F3: 1 h) but ceased thereafter (Fig. 4). The postpartum
period of active calling in Pacific white-sided dolphins
was too short to compare with the period of approxi-
mately one week for common bottlenose dolphins (Fripp
and Tyack 2008; King et al. 2016; Ames et al. 2019).
The period was short, even considering that the calves of
Pacific white-sided dolphins began to separate from their
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mothers 4-7 days after birth (Smith 2019). Additionally,
Pacific white-sided dolphins produced a relatively higher
number of pulsed call sequences during pre-parturition
days than during postpartum days (Fig. 5), which is
contrary to the results in deer (Vankovd and Malek
1997), sheep (Seébe et al. 2007), belugas (Vergara and
Barrett-Lennard 2008; Vergara et al. 2010), and common
bottlenose dolphins (Fripp and Tyack 2008; King et al.
2016; Ames et al. 2019). Thus, it is more likely that the
postpartum mothers’ sequences have weak or no imprint-
ing function, although the possibility that this species
may imprint in a short period is not excluded. The reason
for the short period of postpartum active calling should
be considered with the following long-term silence of
mothers, which is described later.

In the pre-parturition days, a high production rate
occurred, and most of the sequences were not accompa-
nied by calls and responses of other dolphins (Fig. 4).
Hence, the frequent acoustic activity of mothers was
unlikely to be elicited by vocal interactions with conspe-
cifics. This result is comparable to the behavior of com-
mon bottlenose dolphins, in that the signature whistle
rate of non-mothers was unchanged before and after par-
turition (Fripp and Tyack 2008; King et al. 2016; Ames
et al. 2019).

Because body temperature was not correlated with the
sequence production rate in this study, the possibility of
a hormonal effect on the acoustic activity of mothers
could not be inferred. Moore and Ridgway (1996)
reported no significant correlation between progesterone
levels and whistle production in both female common
bottlenose dolphins and common dolphins (Delphinus
delphis). However, before and after parturition, there are
hormonal changes that cannot be measured using body
temperature. The cortisol concentrations in pregnant
common bottlenose dolphins and killer whales peak
during the last gestational month (Steinman et al. 2016;
Robeck et al. 2017). Notably, cortisol increased rapidly
during the period of less than ten days before parturition
and declined after parturition in both species (Biancani et
al. 2017; Robeck et al. 2017). Similarly, sheep and horses
showed increased cortisol levels for a few days before
parturition (Drost et al. 1973; Nagel et al. 2012). There-
fore, it could not be ruled out that the high acoustic activ-
ity of Pacific white-sided dolphin mothers during the
pre-parturition period and immediately after parturition
may be related to the cortisol concentration and perhaps
be an acoustic response to stress. The direct measurement
of hormones may indicate hormonal effects on the calling
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of mothers. Furthermore, not only the short-term effects
in the present study but also the long-term effects of
hormones can be related to the acoustic activity of the
mother.

Consequently, a high calling rate in mothers may
provide an opportunity for an auditory experience for the
fetus. Internal sounds generated by ewes can be discerned
by a hydrophone inside the amniotic sac, and external
sounds can be picked up with lower attenuation of approx-
imately 16-37 dB (Armitage et al. 1980). Additionally,
prosodic information such as the intonation and rhythm
of language is preserved and available to the human fetus
(Fifer and Moon 1988). In guinea pigs (Cavia porcellus)
and sheep, a neonate group that experienced prenatal
stimulation of alien calls showed a lower heart rate
response to the same sounds than the control group after
birth (Vince 1979; Vince et al. 1982). Newborn humans
younger than three days of age prefer their mother’s
voice with limited postnatal maternal contact (DeCasper
and Fifer 1980). When human mothers recited a par-
ticular story to their fetus during the last six weeks of
gestation, the story became a more effective reinforcer
for their postnatal neonates (DeCasper and Spence 1986).
Likewise, exposure of human fetuses to music during the
last trimester led to a strong brain response to the melody,
both at birth and at the age of four months (Partanen et al.
2013). Hence, it may be possible for dolphin fetuses to
learn and habituate their mothers’ calls during the last
prenatal stage. A beluga mother who had two subtypes of
her individually distinctive type of call regularly pro-
duced both subtypes during the pre-parturition period, but
used one of the subtypes for the first month postpartum,
and thereafter, rarely produced both subtypes (Ames and
Vergara 2020). Nevertheless, her calf produced calls
similar to the subtype that his mother rarely produced
after parturition. This implies that the calf may have heard
the subtype during the prenatal period (Ames and Vergara
2020). Pacific white-sided dolphin calves may also hear
and learn their mother’s sequences during the last prena-
tal stage, in addition to the relatively short postpartum
period.

The scarce call production of mothers after parturition
is a pronounced characteristic of the captive population
in the present study. The production rates in #F1 and
#F3 decreased several hours postpartum and they
remained almost silent for at least one month (Fig. 5).
Although the data for #F2 were limited, a similar trend
was observed. From the occasional 24-h recordings in the
third, fourth, fifth, and sixth month after #F3 parturition,
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the production rate slightly increased again after the
fourth month (Fig. 5). One possible reason for the silent
period could be the avoidance of predation risk by
diminishing calling. Acoustic crypsis has been observed
in several cetaceans. Some small odontocete species use
only high-frequency calls above 100 kHz to avoid detec-
tion by a predator, the killer whale (Morisaka and Connor
2007), which is most sensitive to the frequency range of
18-42 kHz and cannot hear high frequencies above 100
kHz (Szymanski et al. 1999). In addition, Blainville’s
beaked whales (Mesoplodon densirostris) remain silent
at depths above 170 m (Aguilar de Soto et al. 2012).
Tropical dolphins produce fewer calls when in the prox-
imity of killer whales (Rankin et al. 2013). The mother—
calf pairs of humpback whales (Megaptera novaeangliae)
and southern right whales (Eubalaena australis) infre-
quently produce calls during diving associated with
nursing (Videsen et al. 2017; Nielsen et al. 2019).
Mother—calf pairs also use low-amplitude calls to restrict
their acoustic active space (Videsen et al. 2017; Nielsen
et al. 2019; Parks et al. 2019), even if they increase the
call rate during more frequent separation (Indeck et al.
2022). The dominant energy of pulsed call sequences
produced by Pacific white-sided dolphins is below 100
kHz and can be easily detected by killer whales, which
are one of their predators (Black 2018). The cessation of
mothers’ sequences for several months after parturition
might be an anti-predator strategy in this species to
protect vulnerable neonates, and the slight increase in
sequence rate after a few months may be related to the
physical development of their calf.

An alternative hypothesis for the low production rate
by Pacific white-sided dolphin mothers in the postpar-
tum hours is that the animals rest by decreasing acoustic
activity and conserving energy. In the mothers and calves
of killer whales and common bottlenose dolphins, the
typical immobile rest behavior, staying at the surface
and bottom for a long time, was rarely observed for the
first few months after birth and was suppressed for sev-
eral months (Lyamin et al. 2005). However, the mothers
and calves of common bottlenose dolphins, even one
week after parturition, showed a considerable amount of
swimming rest behavior (Gnone et al. 2006; Sekiguchi
et al. 2006), with the animals resting by slow circle
swimming along a fixed trajectory close to the bottom
(Sekiguchi and Kohshima 2003). In addition, the first
unilateral eye closure of the mother was recorded 11 h
postpartum, and the time for which one eye was closed
during swimming as rest behavior gradually increased

Downloaded From: https://bioone.org/journals/Mammal-Study on 19 May 2024
Terms of Use: https://bioone.org/terms-of-use

29

for one week postpartum (Sekiguchi et al. 2006). Rest-
ing may be important for postpartum mothers of Pacific
white-sided dolphins. Pacific white-sided dolphins require
higher energy intake than toothed whales of similar sizes
and temperate habitats, and the energy requirement is the
highest for lactating females, similar to other marine
mammals (Rechsteiner et al. 2013). Lactation in this spe-
cies lasts for at least 8~10 months (Heise 1997), and all
the subject mothers were lactating during their postpar-
tum recording periods. In addition, calves often swim in
echelon position, which is characterized by calves swim-
ming close to the mid-lateral flank of their mother; and
infant position, which is when calves swim in close prox-
imity below their mother’s tailstock (Gubbins et al. 1999;
Mann and Shuts 1999; Krasnova et al. 2006). These
behaviors were also observed in the present study. The
constant swimming positions of calves relative to their
mothers also increase the energy requirements of the
mother (Noren 2008, 2013). The metabolic costs of pro-
ducing communication sounds, whistles, and burst-pulse
squawks in common bottlenose dolphins have been
debated (Noren et al. 2013; Holt et al. 2015; Noren et al.
2020; Pedersen et al. 2020a, 2020b). Studies on the
energy expenditure related to pulsed call sequence pro-
duction are also required to evaluate this hypothesis.

The results of this study lead to the question of whether
calves can recognize their mother’s pulsed call sequence
when they did not hear it very often postpartum. If they
can, the next question is when the calves learn their
mothers’ sequence, whether the learning is conducted in
the prenatal period, the short period immediately after
parturition, or the period after postpartum of a few
months. Subsequent studies on mother—calf acoustic
interaction and recognition are required to answer these
questions.

Supplementary data

Supplementary data are available at Mammal Study online.
Supplementary Fig. S1. Comparison of the number of
pulsed call sequences between recording systems A and B.
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