Sound production in neonate sperm whales (L)
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Acoustic data from two sperm whale neonat&hyseter macrocephalusn rehabilitation are
presented and implications for sound production and function are discussed. The clicks of neonate
sperm whale are very different from usual clicks of adult specimens in that neonate clicks are of low
directionality[ SL anomaly(0°-909 <8 dB], long duration2—12 mg, and low frequencycentroid
frequency between 300 and 1700)Huth estimated SLs between 140 and 162 dBiRa(rms).

Such neonate clicks are unsuited for biosonar, but can potentially convey homing information
between calves and submerged conspecifics in open ocean waters at ranges of some 2 km.
Moreover, it is demonstrated that sperm whale clicks are produced at the anterior placed monkey
lips, thereby substantiating a key point in the modified Norris and Harvey theory and supporting the
unifying theory of sound production in odontocetes. 2003 Acoustical Society of America.
[DOI: 10.1121/1.1572137

PACS numbers: 43.80.Ka, 43.80.GxD]

I. INTRODUCTION II. MATERIALS AND METHODS

Norris and Harvey(1972 proposed that the sperm A. Galveston calf
whale nasal complex, homologous with the sound producing  p neonate (umbilicus not healed male sperm whale

nasal .comp.IeX of smaller oc_iontocetéé:ranford etal, with a body length of 341 cm and a body weight of 546 kg
1996, is a giant generator of clicks to be used for echoloca- . .
. N . as found stranded at Sabine Pass, Texas in September 1989
tion and communication. Array recordings have shown tha

sperm whales produce usual clicks with the highest s;ourcgnd moved t9 Sea-Ar.ama Marine World for rehabilitation.
levels ever recorded in the animal kingdoiMghl et al, Seven recording Sessions were carried out Ina 1-m deep, 3
2000, 2003 and show properties of high directionalitylghl <10 n? concrete pool with a Racal Store7 instrumentation
et al, 2000, 2003; Thodet al, 2002. Ridgway and Carder recorder with Ampex 797 tapes operated at varying tape
(2007 found that clicks are produced at the foremost part ofspeeds(17/8—60 ip$. Two calibrated B&K 8103 hydro-
the nasal complex, and deployment of sound recording tagshones were connected to two B&K 2635 charge amplifiers,
has demonstrated that sperm whales produce at least twelaying the signals to the instrumentation recorder. Clicks
click types, usual clicks suited for biosonar, and coda clicksyere digitized with a PC-sound cafffat frequency response
more suited for communicatiofMadsenet al, 2002h. The  petween 0.01 and 17 khiand analyzed with Cool Edit 2000

latter study also revealed that sperm whales can maintain a’l@yntrillium), and custom designed routines in Matlab
regulate the acoustic output down to at least 700 m of depthhvlathworks 6.0,
and that the clicks show properties similar to clicks from . . .
smaller odontocete@dviadsenet al., 2002h. Acoustic experi- The rms sound pressures were Ob.t ained by integrating
ments on recently expired sperm whales have shown that tﬁ[ge square Of, the pressure over the mtgrval between the
spermaceti compartments of the nasal complex can transmit>-dB end points of the envelope of the signal and compar-
sound(Mghl, 2002, and that the spermaceti organ and theind it with calibration signals, recorded on the tapes. Source
junk form an acoustic continuuriMghl et al, 2002. levels were estimated by back calculatifspherical spread-
Here we present acoustic data opportunistically coling) from received sound pressure levels and from the dis-
lected from two neonate sperm whales in rehabilitation andance between the whale and the hydrophdgnesed on the
discuss implications for sound production and function. tapes and documented by photogrgpH3urations of the
clicks were defined as the time between th£0-dB points

of the envelope of the signal.
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1 nation of the spermaceti orgarange from 150 to 162 dB//1
pParms. During one of the recording sessions, a hydrophone
was suspended at one measured meter ahead of the animal
and another hydrophenl m from the side of the animal,
perpendicular to the eye as the calf was held in the water.
0.5 10 Derived SLs were 4—8 dB higher when recorded with the
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hydrophore 1 m infront of the animal than when recorded
lateral to the eye, thereby indicating a low, but present, di-
rectionality. Frequency content and duration of clicks re-
corded from these two aspects were alike. Grunts have messy
waveforms with likely some distortions from pool walls and
surface with durations of 50—150 ms and frequency empha-
sis around 500 Hz. Derived grunt SLs varied between 140
and 152 dB//1uParms[also see grunt spectrograms pub-
FIG. 1. (a) Waveform of a representative click from the Galveston neonate |ighed by Ridgway and Cardé2001)]. No consistent direc-

SL of 160 dB//1uPa rms.(b) Power spectrum of the click depicted (a). . . L .
Sample rate 48 kHz. FFT size 1024. tionality effects pertaining to SL, frequency or duration were
observed in the grunts.

Amplitude

10 msec

-1

B. Kona calf

A neonate(umbilicus not healed female sperm whale B-. Kona calf
with a body length of 312 cm and an estimated weight of 400 A total of 58 clicks were recorded from this individual.

kg was found stranded on the beach of Kona, Big Islandgstimated SLs ranged from 150-161 ¢&?Arms. Esti-
Hawaii on 14 August 2001. For rehabilitation, the animalmated SLs from the two employed hydrophones differed by
was taken to a 1.2-m-deep, temporary paiimeter of 6 M |ess than 6 dB, indicating a low directionality of the clicks.
at the Natural Energy Laboratory, Kona, Hawaii. The recordfrequency content and duration of the clicks were generally
ing setup consisted of two calibrated B&K 8103 hydro- comparable to those of the Galveston odléble ). How-
phones connected to a custom built amplifier and a Songyer, two clicks had a significantly different frequency con-
TCD-D3 DAT recorder sampling at 48 kHz. During each tent with peak frequencies around 8 kHz, but still no appar-
recording session, the hydrophone placement was doCnt multipulse structure. Four clicks contained two high
mented with a digital camer@ourtesy of C. R. Kastalkand  frequency pulseround 8 kHz, spaced 0.7 msec. No grunts
noted on the tapes. Time of arrival differend@©ADs) at  \ere recorded from this individual.

the two hydrophones of the same click were determined by 34 of the 58 clicks were recorded from hydrophones,
using cross-correlation routines written in Matledourtesy  spaced 13 cm apart, held at the distal @garophone Land

of M. Wahlberg. Post mortem, a dissection was conductedyt the anterior part of the junkydrophone 2 (Fig. 2. A

on the nasal complex, yielding data on the morphometrics ofonsistent TOAD was observed between the two hydro-
the structures involved in sound production and relativeghones. The clicks recorded by the hydrophone placed at the

placement of the hydrophones. anterior part of the junk were received with a delay of some
50 us relative to the hydrophone placed at the distal sac.
IIl. RESULTS Based on this TOAD and knowledge of the speed of sound in

the tissues, the sound source location can be restricted to a
hyperboloid surface in the nasal compléad modum

Preliminary results of acoustic recordings from this calf Diercks et al, 1971. However, it may be too simplistic to
were presented in Ridgway and Card2001). Here a more assume a fixed sound speed in the various tissue types of the
detailed account is provided. A total of 253 clicks and 47head for which reason two hyperboloid surfaces were gener-
grunts were analyzed from seven recording sessions. Thated, one for a sound speed of 1300 m/s and one for 1500
waveforms of the clicks have no apparent multipulse strucm/s to cover the relevant range of sound speeds in biological
ture [Fig. 1(@)] and centroid frequencies between 300 andtissues. The hyperbolar interceptions between these hyperbo-
1000 Hz[Fig. 1(b)] with —10 dB BW of 200—400 HzTable loid surfaces and the sagital plane of the nasal complex are
I). Duration of the clicks varied between 5 and 12 ms anddepicted in Fig. 2. It is seen that the hyperbolas are passing
may include some distortions due to the small tank sizethe location of the monkey lips. For further details on the
Estimated click SLgreferred ® 1 m from the anterior termi- morphology of this calf, see Mgldt al. (2002

A. Galveston calf

TABLE I. Characteristics of sound types from neonate sperm whales.

SL (rms) SL (pp) Duration Centroid frequency —10 dB BW
Sound type (dB//1 uPa (dB//1 uPa (ms) (Hz) (Hz)
Galveston Click 154-162 162-175 5-12 300-1000 200-350
Galveston Grunt 140-155 150-165 50-150 200-700 200-700
Kona Click 150-161 161-174 2-15 500-1700 200-450
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terns found in codas produced by juvenile and adult sperm
whales for communicative purposéé/atkins and Scheuvill,
1977; Weilgart and Whitehead, 199®lder calves produce
repetitive trains of two to five clicks that may be viewed as
coda-precursor@Natkinset al, 1988, but the random num-
ber of clicks and irregular click rate of these phonating neo-
nates rather indicate that the number of clicks is likely not
50 ¢m yet fully controlled. Watkinet al. (1988 argue that the long
6. 2. Hvdronh | 12 on the head of the K . duration and low-frequency emphasis of most calf clicks
HypérBoIaz(1r:osrz)uonndesgsgdergfe:[ﬁ5(’)o) rg?s, 2:esoﬁﬁd sopee(fof iggl);?\/én + make them unsuited for eCh.Olocatlor.]’ and that they consis-
by the interception between the sagital plane of the neonate head and tfgNtly resemble the properties of clicks from adult sperm
hyperboloid surfaces derived from the consistent TOAD between hydrowhales. We do not share the latter view as adult sperm whale
phone 1 and 2. M: M_onke){ lips. Locatiqn of the monkey lips is based on a;;syal clicks have a multipulse structure totally dominated by
photo-documented dissection of the animal. a single p1 pulse of short duration with very high Gighl
et al, 2000, 2003 high directionality (Mghl et al, 2000,
IV. DISCUSSION 2003; Thodeet al, 2002, and a frequency emphasis be-
The present data should be evaluated in the light of thé~eéen 5 and 32 kHzWatkins, 1980; Madsest al, 20023,
opportunistic nature of recordings in temporary holding@nd are therefore not comparable to calf clickable ).
tanks not suited for acoustic investigations, and considering "€ properties of the calf clicks are, as noted by Watkins
that the rehabilitating neonates most likely were not in goocEt al- (1988 and in contrast to usual adult clicks, indeed not
health. Despite this situation, the difference in recording geaf@vorable for echolocation. Biosonar-signals should be of a
and the different reverberation patterns in two different poofshorter duration, higher frequency and more directional to
types, the recorded clicks from the two neonates are genefllow for adequate temporal and spatial resolution in a noisy
ally alike in having—10-dB bandwidths of 200 to 450 Hz, and cluttered environmer{Au, 1993. While the apparent
centroid frequencies around 500 Hz, SLs up to 162 dp//need for biosonar signals is very small in calves that are
uParms, and durations of 2—15 riEable . These source entirely nourished from suckling the first year of their lives
characteristics match the click properties of young spermRice, 1989, the need for communicative signals to maintain
whale calves, reported by Watkiret al. (1988, and thus contact with babysitting adults seems more likely. Sperm
seem to be representative of the click repertoire of sperrﬁ\/hale calves remain at the surface while their mothers un-
whale neonates. dertake feeding dives apparently too deep and too long for
A few unusual higher frequency clicks from both calves, the calves to follow. This has led to development of asyn-
having pulses with frequency emphases at 8—16 kHz, did ngthronous dive behavior and allomaternal care in the form of
fit the general picture. It is possible that these unusual highevabysitting where calves at the surface are accompanied and
frequency clicks are a beginning in the ontogeny of echolooften suckled by a number of different femal&Sordon,
cation click that may be employed by the adult sperm whalel987; Whitehead, 1996 Thus, sperm whale calves are un-
(Mghl et al, 2002. In the Kona calf, four clicks contained accompanied at the surface for up to 31% of the time, and
two such pulses with an interpulse inter¢d#l) of 0.7 ms. It ~ female sperm whales take turns in babysitting between feed-
can be conjectured that the first pulse may represent the ining dives(Whitehead, 1996
tial sound production event and the second pulse had tra- Considering the reduced mobility of neonate calves
versed the spermaceti organ and junk of the nasal complesompared to their babysitters, it would seem advantageous if
before entering the water. However, the lack of additionathe calves produced homing signals to facilitate maternal lo-
trailing pulses makes such a notion speculative. An IPI of 0.%alization. A maximized communicative space is achieved by
msec is intriguing, as it is comparable to an IPI of 0.8 msusing long duration, omni-directional signals of low fre-
found by projecting artificial pings into the nasal complex of quency. Sperm whale calf clicks have such properties and we
the same, expired animélighl et al., 2002. In addition, an  propose that these rudimentary clicks may play a communi-
IPI of 0.7 ms is consistent with the two-way-travel time be-cative role in the allomaternal behavior of asynchronous
tween the distal and the frontal air sac of the Kona neonatdives and babysitting in sperm whales. The passive sonar
and the speed of sound in spermaceti(blhl et al.,, 2002. equation can be used to assess the possible detection range of
This finding is supportive of the view that the IPI of sperm calf clicks by adult, babysitting whales. Assuming that a
whale usual clicks and coda clicks is given by the two-way-sperm whale neonate calf can be modeled as an omnidirec-
travel time of the spermaceti compartme(orris and Har-  tional source with a SL of 160 dB//&Pa rms, and using a
vey, 1972; Gordon, 1991and that the spermaceti compart- spectral noise density of 60 dB/iP&/Hz at 500 Hz(Urick,
ments are involved in sperm whale sound production. Due td983, an auditory filter bandwidth corresponding to the cen-
the low-frequency nature and long duration of all other clickstralized RMS-BW  (Au, 1993 of a rep-
produced, it is not possible to discuss the potential involveresentative calf clicK250 Hz and a S/N of 10 dB for de-
ment of the spermaceti compartments in the production ofection, it can be estimated that sperm whale calf clicks
these clicks. can be detected by conspecifics at a range of some 2 km
Although the neonate clicks were generated in shorftransmission loss160 dB//1 uPa rms-(10 dB+60 dB//
trains, they do not show the repetitive, stereotyped click patuP&/Hz+ 10log(250 Hz))= 66 dB, which corresponds to 2
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km, assuming spherical spreading@uch a range estimate rine Biology via a grant issued to P. E. Nachtigall. Additional

may only be valid if the receiving whale is submerged insupport for equipment was available from ONR Grant No.

deep water away from the acoustic shadow zone. N00014-98-1-0687 to P. E. Nachtigall and W. W. L. Au ad-
The Galveston calf produced a large number of gruntsministered by Dr. R. Gisiner. Analysis was funded by the

which are very different from clicks. This difference may Danish National Research Foundation through Center for

relate to the structures involved in sound production assound Communication, USD.

grunts appear to be produced near the frontal sac at the base
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