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2. Introduction

Current theories of odontocete sound reception are based muostly
on the battlenose dolphin. but there are large differences in cranial
and mandibular anatomy among odontocetes.  For example, the
beluga whale has a substantially different head structure compared
to the bottlenose dolphin and hearing studies suggest that sound
reception pathways may differ between the two species (see below).

Fig 1. Areas of beluga (left) and botilenose {right) heads tested for heanng
smsitivities in previous studies (Mohl er of, 1999, Mooney ot al, 2008)
Jawphones presenied aconstic stimull. Hearing was determined by auditory
I (AEP). Numbers mdicate locat of maximum (1) o
mimimum ($) sensitivibies.  The postion of minimum Iatencies of AEP
responses 8 merked by the red *X°. Location of external suditory openng
shown by bhie dot  Hlustrations modified from Mobl e ol (1999) and
Mooney et al, | 2008)

3. Methods

Heads were obtained from strandings and were classified as Code
2 (Fresh Dead) at the time of scanning. Scans were acquired at the
Woods Hole Occanographic Institution CS] facility (whoiedu'esi)
on a Siemens Volume Zoom Spiral CT. Slice thicknesses were 1-3
mm with a maximal resolution of 0.1 mm. 3-13 reconstructions were
made using AMIRA® Version 5.2.2 by Visage Imaging ®.

* Beluga whale (2. /eucas-08): 264 em adult male.
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* Beluga whale (D.Jencas-06): Newbom. whole head in formalin.

* Bottlenose dolphin (T truncatus-59): 191em female.

* Locations of fats along the lower jaw are similar in the beluga whale and the
bottlenose dolphin (Fig. 2 & 3), However, there are subtle differences in jaw
fats that may influence hearing pathways (see following section).

* The newbom beluga has fat distnbutions and shapes that closely match those
of adults (Fig. 2 & 3). This is consistent with previous studies which showed
spatial patterns for lipid class and fatty acid accumulation are established early
in fetal development (Keopman er al., 2006; Zahorodny et al., 2009),
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auditory opening is located anterior to the ears i
ned with the cars in the bottlenose dolphin

Fig 2. 3-I) reconstructions -~!’m| adult belaga, (b) newbomn beluga, and (<) botflenose
dolphun. Melon & jaw fats = yellow, External miditory opeming and ear canal = blue;
tympano-periotic complex (ears) = purpke. White amow = lateral fat channel, Rlack
arvovs = equivalent location in belugas. White scake bar = 10 om.
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Fig 3 Ventral view showing distnbutions and morpholog;
for (a) adull beluga, (b) newborn beluga, and (c) bottlenose dolphun
above. White arrows show anterior extent of jaw fats. Scale bar = 10 em.

Potential functional signilicance of anatomical differences;

* The jaw fats extend near the mandibular symphisis in the beluga but end
much more posteriorly in the bottlenose (Fig. 3 arrows). This may explain why
Mooney ef al. (2008) found that applying sound stimuli al the mandibular
symphisis resulted in maximal auditory responses for the beluga, whereas
Mohl et al. (1999) found no response for the bottlenose dolphin (Fig. 1).

* The lateral £t channels that may act as a second acoustic window in the
bottlenose dolphin, particulady for lower frequencies, (Ketten et al, 1999,
Popov et af., 2008) is much less prominent in beluga whales (Fig. 2 arrows),

* The beluga melon is dramatically differently shaped than that of the bottlenose and
is surrounded by more dense, connective tissues (Fig. 4 & 5). The complex of denser
tissues, melon, and jaw fats in the beluga is likely to have significantly different
acoustical properties from the melon and jaw fats of the bottlenose dolphin.
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Fig 4 {above). T scams through the melon
m (a) beluga whale and (b) bettlenose
dolphin.  Positions where the 2-D aos-
section were taken are shown i (c) and (d)
Scale bar = 10 am.

Fig § (nght} 3-D reconstructions of (a)
belugn whale wnd (b} bottlenose dolphin
melons. Same color scheme as Fig 2. Scale
bar = 10 cm

5. Conclusions

There are sufficient differences not only in the skull but also in the soft tissues of
cetacean heads to warrant additional in<lepth. specics-specific studies of auditory

v and sound plion pathways. In particular. there may be important
differences in key functional anatomical features across families.

6. Future Research

» Extend comparative studics 1o more species from various families.
* Include data from dissections to venfy C'T findings (see Amuda ef al., 2009, this
meeting — Poster # 38),
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