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ABSTRACT

Mead, James G. Anatomy of the External Nasal Passages and Facial Complex
in the Delphinidae (Mammalia: Cetacea). Smithsonian Contributions to Z()ology,
number 207, 72 pages, 26 figures, 3 tables, 1975.—This study is concerned with
the comparative anatomy of the external nasal passages and associated structures
in delphinid odontocetes. It has been possible to assemble detailed anatomical
information for nearly all of the delphinid genera. Comparative data for the
other small toothed whales is considered in such detail as is available.

The function of the structures associated with the external nasal passages has
been poorly understood, partly due to a lack of understanding of their anatomy.
I have drawn functional conclusions from the basis of this comparative study,
but these are largely unsupported by experimental data.

The nasal musculature is concerned both with opening and closing the nasal
passage during respiration, and with movement of air between the nasal diver-
ticula during sound production. The nasal diverticula are part of the acoustic
system of these animals, and function both as air reservoirs and as reflective
elements to focus the emitted sound ficld. The potential area of sound produc-
tion is limited to the deep structures around the external body nares. The melon
probably serves as an acoustic channel. Cranial asymmetry in odontocetes is
related to specialized sound-producing mechanisms involving predominantly the
right nasal passage.

The nasal structures have formed a very important functional complex in the
evolution of odontocetes, and are important from a phyletic viewpoint. This
study has shown that the genera Tursiops, Stenella, and Delphinus form a rela-
tively generalized group within the Delphinidae. The bulbous-headed genera
Grampus, Globicephala, and Pseudorca clearly represent independent specializa-
tions. The other families of odontocetes differ considerably from the delphinids
in their facial anatomy.

The anatomical diversity in this region suggests an acoustic diversity which
remains to be demonstrated experimentally.

OFFICIAL PUBLICATION DATE is handstamped in a limited number of initial copies and is recorded
in the Institution’s annual report, Smithsonian Year. SI PRESS NUMBER 5387. SERIES COVER
prsIGN:  The coral Montastrea cavernosa (Linnaeus).

Library of Congress Cataloging in Publication Data
Mecad, James G.

Ancat:);ny )of the external nasal passages and facial complex in the Delphinidae (Mammalia:

ctacca

(Smithsonian contributions to zoology, no. 207)

Supt. of Docs. no.: SI 1.27:207

1. Delphinidae. 2. Nose. 3. Face. 4. Skull. I. Titde. II. Series:
Smithsonian contributions to zoology, no. 207.

QL1S>¢ no. 207 [QL737.C432] 591'.08s [599'.53] 75-619034

Smithsonian Institution.




Contents

Questions of Odontocete Facial Anatomy . .

Acknowledgments
Descriptive Anatomy .
Introduction
Delphinidae ........ ..
Delphininae
Tursiops
Stenella
Delphinus
Lagenorhynchus .. ..
Lagenodelphis
Grampus
Orcininae
Orcinus .........
Pseudorca
Globicephala
Steninae
Steno ... ... ... .
Sotalia
Cephalorhynchinae .......... ...

Lissodelphinae

iii

Cephalorhynchus . ...................
Lissodelphis ......... ... ... .......
Phocoenidae ... .. ... ... ... .. . .. ... ... ..
Phocoena, Phocoenoides, Neophocaena ..
Monodontidae .. ... ... .. ... .. ... ....
Monodon .. .. e
Delphinapterus .. ... ... ... ... ... . ...
Platanistidae ... .. ........ C e e $E e
Platanista ... . ... ...
Lipotes ... ... ...
Pontoporia .. ... ... .. ... ...,
Inta . ... . . ..
Summary of Descriptive Anatomy .........
Nasal Passage and Diverticula .. ........
Musculature ... ... ... ... e
Melon .. ..
Other Structures ......................

3
= E T NN R

QO OO Lo Lo OO VO N N ND PO MO PO MO ND NO IND ND =t bt hd o



iv

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Page

Function of the Facial Complex ..... .. ... .... e BEECE AR TR puE 35
IntrodUEtiON .o, ..o oot B E s BRI E IR T B v e 35
Respiratory Considerations .............. .. B EEEEEmEN gE e B w i 35
Nasal Passage and Diverticula ....... ... ... ... ... ............ ... 36
Musculature' :uvc oo osssms, vomrassmenenassss cn vomamsmes o wnmes oo 37
Melon .. ... 40
Glandular Structures .. ...................c..iiiiiii 41
Functional Basis of Sound Production ..... .. ... ............. .. . 42
Review . ... ... . 42
Anatomical Considerations .................. ... ... ... ... 46
Functional Aspects of Cranial Asymmetry .. ... ... .. ... ..... ... 48
REVIEW . . o e e e e e e v e e B R R AR £ i E e E e 48
Anatomical Considerations ........................... . ... ..... 51
Summary of Facial Complex Function ................. . .......... 53
INasal DIVETHEUIA v wvmusors vpmimenmsmss g3 s vomemus samamsmnn s 53
Nasal Musculature ............ ......... ... ..., 53
Other Structures ..................... . .ciiiiiiiiiiiiiaii., 54
Experimental Approaches ...... ... .. ... ... ... ... . ... ... ... 54
Phyletic Relations of the Delphinidae ........... .. ... ... ... ... .. 54
Relationships within the Delphinidae ........................... .. 54
Relationships to Other Families .................. .. .. ........ . .. 56
Relationships of Bulbous-headed Delphinids ... ........... ....... 57
General Considerations ........................................ 57
Comparison of Pseudorca, Globicephala, and Grampus . ... ... .. .. 58
Origin of the Odontocete Nasal Apparatus ........... ............... 61
Appendix 1: Classification of the Odontocetes (Toothed Whales) ....... 64
Appendix 2: Tables ...... ... ... ... ... ... 65

Literature Cited . ... .. . . .. ... 67



Anatomy of the External
Nasal Passages and Facial Complex
in the Delphinidae
(Mammalia: Cetacea)

James G. Mead

INTRODUCTION

Historical Review

The structure of the Cetacea (whales, porpoises,
and dolphins) has long fascinated anatomists and
students of natural history in general. Many fea-
tures of cetacean anatomy were familiar to the
classical natural historians, notably Pliny the Elder
and Aristotle. During the middle ages, cetacea
were frequently treated in general works on nat-
ural history (Olaus Magnus, Gesner, Rondeletius,
and others), but emphasis was on the fabulous
aspects of the larger members of the order. The
first work exclusively on the anatomy of a cetacean
is John Ray's “Account of the Dissection of a
Porpess” (1671). This paper is particularly inter-
esting, in that it contains a description of the nasal
passages and diverticula, as well as some specula-
tions upon their function.

The peak of activity on cetacean anatomy oc-
curred during the 19th century, when such workers
as Turner, Flower, Murie, Rapp, Kukenthal, Stan-
nius, and others produced thousands of pages of
descriptive anatomy. During the 20th century this
work was continued by Howell, Schulte, Beddard,
Huber, Slijper, and others.

Of the smaller cetaceans, Phocoena phocoena

James G. Mead, Department of Vertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Wash-
ington, D. C. 20560.

(the harbor porpoise) has been the most frequently
and most thoroughly described (e.g., Ray, 1671;
Stannius, 1849; von Baer, 1826; Rawitz, 1900), due
to its abundance along the European coast and its
convenient size. The pilot whale (Globicephala
melaena) has also been the frequent subject of
anatomical investigations (Macalister, 1867; Tur-
ner, 1867; and most notably Murie, 1873), due to
the frequency of its strandings along the European
coasts. Aside from these, the best descriptions of
the anatomy of smaller cetaceans are usually of
rare and unusual animals (e.g., Neophocaena,
Howell, 1927; Kogia, Danois, 1910; Kernan and
Schulte, 1918; Monodon, Huber, 1934). Delphinine
cetaceans have received less attention, and very
little published information exists for Tursiops
truncatus, the ubiquitous experimental animal of
the present time.

Relatively few of the many hundreds of papers
dealing with the anatomy of cetaceans contain
information on the structures of the facial region.
Some of the early papers (Ray, 1671; Hunter, 1787;
Cuvier, 1836) on general anatomy mention the
structure of the nasal passage, or comment briefly
on the musculature surrounding it. Von Baer
(1826) appears to have been the first to focus on
the structure of the cetacean nose, based upon dis-
sections of Phocoena. Sibson (1848) described the
nasal apparatus in Phocoena and Murie (1870,
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1878) went into some detail in discussing the facial
structures of a variety of odontocetes. Gruhl (1911)
commented extensively on the diverticula in a
number of species. (Purves, 1967, and Moris, 1969,
have given brief descriptions of the facial anatomy
of Steno and Phocoena.)

The principal recent works dealing with the
anatomy and function of the nasal apparatus are
those of Lawrence and Schevill (1956), who were
primarily concerned with the respiratory functions
of these structures, Schenkkan (1971, 1972, 1978),
and Schenkkan and Purves (1973). Schenkkan
(1978) presented an extensive treatment of the
comparative functional anatomy of the nasal tract
of odontocetes. His data filled in many of the gaps
in my material and have been utilized extensively
in the present paper. Many of the differences be-
tween his work and mine probably stem from the
fact that Phocoena formed the comparative frame-
work of his study, whereas I used Stenella.

Since the discovery of the possibility of echoloca-
tion in odontocetes in the early 1950s (Kellogg,
et al,, 1953; Schevill and Lawrence, 1956), and its
experimental demonstration in 1961 (Norris et al.,
1961), the anatomy of structures potentially in-
volved in sound production and reception has
received considerable attention. The question of
sound reception has been treated by Reysenbach
de Haan (1957) and Fraser and Purves (1960).
Evans and Prescott (1962) and Norris (1964) have
considered the problems of sound production, while
Norris (1969) has provided the most recent general
survey of the problems of echolocation in cetaceans.

The structures comprising the facial region of
the odontocetes, i.e., the nasal passages and their
diverticula, the fatty melon, and the muscles asso-
ciated with these, have frequently been implicated
in sound production (Lawrence and Schevill, 1956;
Evans and Prescott, 1962; Norris, 1968). Questions
relating to the mechanism of sound production,
such as which structures are involved and how the
acoustic energy is conducted from the sound
source (s), focused, modulated, and otherwise
altered, are still under debate.

General Aspects of the Facial Anatomy of
Mammals

The face, as it is generally thought of in human
terms, consists of the anterior portion of the head,

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

containing the nose, mouth, and eyes. To a certain
extent this area can be considered separate from
the remainder of the head, or cranium. Thus con-
ceived, the bony elements of the face are the max-
illae, premaxillae, nasals, vomer, palatines, zygo-
matics, and frontals. This division of the head
corresponds approximately with the distribution
of motor elements associated with the facial nerve,
and with the sensory distribution of the trigeminal
nerve.

The anatomy of the mammalian face is complex
(see Huber, 1930; Edgeworth, 1935; Miller et al,
1964), and presumably has been throughout much
of its evolutionary history.

The soft tissues consist of a series of muscles
disposed about the orifices of the face and largely
concerned with manipulation of these, the skin and
various specialized portions of the skin (lips, eye-
lids, etc.), and the vascular and nervous supplies
of these elements. The structures within the facial
orifices (eyes, tongue, etc.) could logically be
included in this group and would greatly expand
this list. However, these are extremely specialized
and are better considered separately.

The nose is generally a complex structure in
mammals, and even in terrestrial mammals it is
capable of being opened and closed to a consider-
able extent. This is accomplished by various por-
tions of the m. maxillonasolabialis acting upon the
cartilages comprising the skeleton of the nasal aper-
ture. In addition, the area of the nose is usually
highly sensitive and is abundantly supplied with
nerves and blood vessels. The complexity of the
mammalian nose has provided the basis for a great
variety of evolutionary modifications, exemplified
by the noses of pigs, elephants, tapirs, bats, moles,
and whales. Boas and Pauli (1908) give an excel-
lent picture of the diversity of mammalian noses.

The cetacean face has become specialized as a
result of the demands of an aquatic existence, and
presents a number of differences from that of ter-
restrial mammals. The nose occupies a dorsal rather
than a terminal position on the rostrum, and the
facial musculature has become largely concerned
with opening and closing the nasal aperture. Ceta-
cea are, in fact, one of the very few groups of
mammals incapable of facial expression, as the
areas of the mouth and eyes are relatively
immobile.

The orbit has moved laterally and ventrally and
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now bears a closer relationship to the base of the
cranium than to the rest of the face. There has
been extensive alteration of the bones of the skull
(Miller, 1923), differing in detail in the two sub-
orders of cetaceans.

In view of the modifications seen in the cetacean

FiGure 1.—Skulls of modern cetaceans (after Kellogg, 1928):
a, Tursiops truncatus, an odontocete, lateral view; b, T. trun-
catus, dorsal view; ¢, Balaenoptera edeni, a mysticete, lateral
view; d, B. edeni, dorsal view. (fr=frontal, mx=maxilla,
na=nasal, nc=nuchal crest, sop=supraorbital process, tc=
temporal crest, pmx=premaxilla.) )

3

head, it is useful to redefine the area of the face.
One of the immediately striking aspects of a ceta-
cean skull (when viewed from above) is the flat
expanse of bone formed by the dorsal surface of
the rostrum and cranium. This surface is bounded
by the lateral edge of the rostrum, the supraorbital
process of the frontal, and the temporal and nuchal
crests (Figure 1). This area can be usefully defined
as the face in this group of animals, as it forms an
area concerned with the operation of the highly
modified cetacean nose. The orbit, while still sur-
rounded by what is technically facial musculature,
does not fit into the functional area of the face in

b

Ficure 2.—Head of a delphinid: a4, diagramatic sagittal sec-
tion; b, detail of the above. (af=anterior fold, bhl=blow-
hole ligament, bnp=bony nasal passage, iv=inferior vesti-
bule, Inp=lip of the nasal plug, m=melon, ns=nasofrontal
sac, np=nasal plug, pf=posterior fold, ps= premaxillary sac,
sc=spiracular cavity, vs=vestibular sac.)
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the same manner that it does in terrestrial mam-
mals, nor does the mouth.

The skull of mysticetes has been modified along
different lines than that of the odontocetes, the
primary modification apparently being the develop-
ment of a large rostrum as part of the feeding
mechanism. If the braincase is taken as the point
of reference, the nasal passages have not been dis-
placed posterodorsally, as they have in odontocetes.
Carte and Macalister (1868) provide the best
description of the facial structures of a mysticete.
The musculature associated with the nares is exten-
sive, but there are no diverticula, nor is there any-
thing comparable to the large melon of odonto-
cetes. Viewed from the side, the facial region of
mysticetes appears very low and flat compared to
that of odontocetes.

In the odontocetes, the nasal aperture has mi-
grated posterodorsally, and now opens on the dorsal
surface of the head. The musculature associated
with the nasal passage has increased in size and
complexity, as have the passages themselves. Instead
of a relatively simple passage, as in the mysticetes,
there is a complicated series of diverticula and
valves within the nose of the toothed whales (Fig-
ure 2). An accessory structure, the melon, has
developed anterior to the nasal passage, greatly
increasing the bulk of the facial apparatus. The
acme of these is seen in the nose of the sperm
whale, which constitutes on the order of one-third
of the weight of the entire animal.

The development of a complex nasal apparatus,
particularly the elaboration of a fatty melon, is
one of the principal distinctions between odonto-
cetes and mysticetes. The differences in the struc-
ture of the bony elements of the face can be fol-
lowed well back into the fossil record (Kellogg,
1928), suggesting that the adaptive aspects of these
formed one of the bases for differentiation of the
two suborders. Mysticete differentiation appears to
have depended upon the development of a novel
feeding apparatus, while odontocetes remained rela-
tively conservative in that aspect, and have eldb-
orated the nasal apparatus and associated structures.

Numerous anatomists have attempted to homolo-
gize the structures of the cetacean nose with those
of the other mammals (von Baer, 1826; Murie,
1870, 1873; Anthony, 1926). The diverticula have
been compared with the turbinals of other mam-
mals and with the nasal sacs of the tapir, the saiga
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antelope, and the horse. Murie (1870) attempted
to homologize the nasal musculature with the var-
ious facial muscles of man. It is my belief, however,
that the melon, nasal diverticula, and differentia-
tion of the nasal musculature have been derived
independently in cetaceans. Huber's (1934) brief
homology of the nasal musculature with the m.
maxillonasolabialis appears to be the most rational
approach to the question of muscle homologies.
The archaeocetes do not appear to have possessed
a specialized nasal apparatus, making it unlikely
that anything but the most generalized of mam-
malian homologies is applicable to the modern
Cetacea.

Questions of Odontocete Facial Anatomy

A thorough understanding of the anatomy of
this region is essential before we can hope to under-
stand the functions in which it is involved. This
is particularly true of a system like the odontocete
nose, which does not appear to have an analogue
in any other mammalian structure. I have described
the components of the facial complex and their
relationships to one another in order to see if they
form discernible functional systems. To an extent
this has been possible, particularly with simpler
mechanical functions, such as opening and closing
of the blowhole and nasal passages.

Many of the potential functions of this region
are more subtle or complex and cannot be ap-
proached in this manner. In order to elucidate
these, I have undertaken a comparative study,
hoping to find structural differences which could
be correlated with observed behavioral or ecologic
differences.

This type of comparative approach is useful not
only in terms of the answers which it provides, but
also the questions which it poses. The range of
external morphology in the head of small odonto-
cetes indicates the possibility of a wide range of
internal structure. If such structural diversity is
demonstrated, it will suggest a functional diversity
which must then be looked for in the living
animals.

Specialization of the facial region of odontocetes
has probably been an important factor in their
evolution and is thus important phyletically as
well as functionally. Relationships among the living
odontocetes are poorly understood at present. An



NUMBER 207

examination of one of their more important func-
tional complexes will provide a new basis for inter-
preting phyletic relationships in this group. This
is particularly true where questions of possible
convergence are involved, as in the bulbous-headed
delphinids.

The significance of the asymmetry of the skull in
odontocetes has never been satisfactorily explained.
This is because the relationship of the bony asym-
metry to the soft tissues of the head has never been
examined. Such an approach is essential to an
understanding of the functional significance of this
character.

A detailed anatomical study will also provide a
basis for experimental work on these animals,
which has previously been hampered by a lack of
information on the structures involved.

The literature pertaining to these problems is
voluminous and somewhat confusing. I have
attempted to review much of this and to clarify
some of the points of confusion.
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DESCRIPTIVE ANATOMY

Introduction

I have dissected the facial region in a series of
delphinids, consisting of members of the following
genera: Tursiops, Stenella, Grampus, Lagenorhyn-
chus, Lagenodelphis, Orcinus, Pseudorca, Globi-
cephala, Steno, and Cephalorhynchus. In addition,
I have dissected specimens of Phocoena, Phocoe-
noides, Inia, and Pontoporia, and have compiled
such comparative data as is available for other
genera. The families Physeteridae and Ziphiidae
have been deliberately omitted, as they appear to

be strikingly different and constitute a separate
problem.

The techniques employed consisted of gross dis-
section, along with gross coronal and sagittal sec-
tions of the soft structures of the facial region. The
dissections were limited to the area dorsal and
medial to the supraorbital process of the frontal
and the temporal crest, and anterior to the nuchal
crest. Extensive photographs were taken as a record
of the dissections. A large series of specimens of
Stenella, covering a wide size range, was dissected
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and the nasal muscles fixed and weighed in order
to determine whether there was any asymmetry in
the muscular system.

I have chosen the common bottle-nosed dolphin,
Tursiops truncatus, as the standard of comparison,
and will describe it first. There are two outstand-
ing reasons for this choice. First, Tursiops appears
to be a relatively generalized delphinid, from which
the conditions seen in the other genera could be
readily derived. Second, it has become the standard
experimental animal and, as such, there are data
available for it that are lacking for the less com-
mon animals. Unfortunately,” I found material
difficult to obtain for Tursiops, and I have not
been able to dissect enough animals to establish
the range of individual variation in this species.

The descriptions that follow have not taken into
account the asymmetry seen in some of the facial
structures, as this will be treated in detail in a
later section. In general, the descriptions of the
nasal passages and diverticula begin with the deep
structures and proceed to the superficial ones, while
the muscular descriptions follow the opposite order.

DELPHINIDAE

DELPHININAE

Tursiops

MarTeriALs.—The specimens of Tursiops trunca-
tus consisted of the heads of two adult females and
a 53.5 cm male fetus. One adult head and that of
the fetus were dissected, while the other adult head
was frozen and sectioned coronally at 2 cm intervals.

NasaL PAssaGe AND DiverTicura—The central
structure in the facial region of odontocetes is the
nasal passage. As in all mammals, the nasal passage
is a paired structure within the confines of the
skull. As the paired passages exit from the skull,
they are separated for a short distance by a cartila-
ginous nasal septum. Beyond this septum, they fuse
into a single passage and proceed dorsally through
the soft tissue. The nasal passages and diverticula
are lined throughout with a thin, darkly pigmented,
squamous epithelium.

Within the mass of soft tissue on the dorsal
surface of the skull, the nasal passages send off a
series of paired diverticula. In T. truncatus, as in
most small odontocetes, there are four pairs of
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these situated in the soft tissues surrounding the
nasal passage. These diverticula are distensible to
varying degrees, but are not generally moveable
within the surrounding tissues.

Immediately dorsal to their exit from the skull,
while they are still separated by the septum, the
nasal passages send two diverticula, the premaxil-
lary sacs (Murie, 1870), anteriorly along the dorsal
surface of the rostrum (Figures 2, 4). The ventral
surface of these diverticula lies directly upon the
periosteum of the premaxillae, while the dorsal
surface is in contact with the nasal plug muscle.
These are the largest of the pairs of diverticula in
T. truncatus.

The lateral margins of the nasal passages, as they
exit from the skull, are bounded (and slightly
occluded) by the diagonal membranes (Lawrence
and Schevill, 1956) (Figure 3). These membranes
run at an angle from the anterolateral wall of the
nasal passage, just internal to its exit from the
skull, posterodorsally to attach to the posterior end
of the nasal septum. They are thin membranes,
consisting only of the reflected nasal epithelium
with a slight amount of connective tissue and some-
times a few muscle fibers. In T. truncatus, as in
most of the delphinids, they are 1 to 1.5 cm wide.

Along the posterior edge of the nasal passages,

Ficure 3.—Diagramatic dorsal view of the structures adja-
cent to the external bony nares in Tursiops truncatus.
(bnp=Dbony nasal passage, dm=diagonal membrane, ps=pre-
maxillary sac.)






