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PREFACE TO THE
SECOND EDITION

Encyclopedia of Marine Mammals was published. The field
of marine mammalogy has continued to move at great speed,
and significant changes have occurred, even in the roster of our sub-
ject animals with the discovery of new species (e.g., Omura’s whale),
and the disastrous extinction of another (the baiji). One conspicuous
difference between the new and the first edition is the use of color
throughout the volume, hopefully making it easier and more enjoya-
ble to use. A number of illustrations of marine mammals, kindly pro-
vided by Brett Jarrett, are reproduced as they appeared in Jefferson
et al. “Marine Mammals of the World” (2008) Academic Press.
In addition, authors were given the opportunity to update their
chapters, and nearly all took advantage of this to include the latest

Seven years have gone by since the first edition of the

research results. Several new chapters have been added, covering
areas of marine mammal science that have changed significantly,
such as those related to climate change and the interface of ecology
and conservation. The editors also decided to add conjoined chapters
on subjects that were somewhat fragmented in the first edition (e.g.,
Aerial Behavior) and new chapters to make the volume more com-
prehensive (e.g., Sense of Balance). We hope that the new edition
will get the same positive reception that the first edition enjoyed.

—The Editors



PREFACE TO THE
FIRST EDITION

arine mammals are awe inspiring, whether one is con-

fronted with the underwater dash of a sea lion, a breach-

ing humpback, or simply the sheer size of a beached
sperm whale. It is no surprise that we are fascinated and intrigued
by these creatures. Such fascination and curiosity brought us, the
editors, to the study of marine mammals at the beginning of our
careers, and they keep us excited now. To share the excitement and
feed the curiosity of others, scientists or laypersons, we here attempt
to summarize the field of marine mammalogy; in a very broad sense,
including aspects of history and culture. This was the first reason to
compile this encyclopedia.

The science of marine mammals goes back at least to Aristotle,
who observed in 400 BC that dolphins gave birth to live young which
were nursed with the mother’s milk. Observations on the biology of
marine mammals expanded throughout the Middle Ages, usually
mixing freely with imagination and superstition. Konrad Gesner’s
Historia Animalium (1551), for instance, is a pictorial guide to the
animals known in his time. Next to rhinos and seals, it also depicts
the unicorn, the fabled mix of a horse and a narwhal. Interest greatly
increased with the advent of hunting marine mammals on a large
scale. Herman Melville’s Moby Dick (1851) chronicles nineteenth
century Western whaling and displays a curious mix of accurate
natural history observations on whales with stubborn misconcep-
tions (such as “whales are fish”). The great whaler/naturalist Charles
Scammon accurately described the behavior and aspects of natural
history of many species, albeit of necessity from his view behind gun
and harpoon.

From these roots, marine mammal science has grown exponen-
tially, especially since the Second World War. Unlike in earlier days,
most contemporary research on marine mammals is carried out by
observing living animals. Modern marine mammal studies com-
bine aspects of mammalogy, ethology, ecology, animal conservation,
molecular biology, oceanography, evolutionary biology, geology,
and—in effect—all major branches of the physical and biological sci-
ences, as well as some of the social sciences. This enormous breadth
unfortunately necessitates that most marine mammalogists special-
ize, concentrating on one or a few aspects of marine mammal sci-
ence and limiting the number of species that they study. Therein lies
the second reason for compiling this encyclopedia: we aim to present
a summary of the entire field for the scientist who needs information
from an unfamiliar subfield.

As editors, we constrained what authors wrote as little as possible,
applauding diversity and keeping to minimal guidelines. We consider
modern marine mammals to include the mammalian order Cetacea
(including whales, dolphins, and porpoises), the order Sirenia (dug-
ongs and manatees), and many members of the order Carnivora: the

polar bear, the sea otter and marine otter, and the pinnipeds (true
seals, sea lions, fur seals, and walruses). We asked the authors to fol-
low Rice (1998) for the species-level taxonomy and nomenclature of
the modern marine mammals (with certain exceptions, as noted in
the Marine Mammal Species list), as his work is an excellent, gener-
ally accepted listing of diversity.

There is some overlap among the articles. This is not an accident.
As in every scientific field, different workers in marine mammalogy
have different perspectives on many technical issues and disagree
strongly on some of them. We urge the reader to use the cross-
indexing to peruse different accounts relating to the same question;
on some matters the jury is still very much out, and the range of
views is interesting and important.

Ours is an encyclopedia, an alphabetically arranged compila-
tion of articles that are independent and multiauthored, the only
such work on marine mammals. However, some other recent books
form excellent complements to our work. For example, Handbook
of Marine Mammals (S. H. Ridgway and R. J. Harrison, Academic
Press, 1985-1999) is a series of compendia presenting descrip-
tions of the marine mammal species. Biology of Marine Mammals
(J. E. Reynolds IIT and S. A. Rommel, Smithsonian Institution Press,
1999) presents an overview of marine mammals based on a number
of long review chapters. Marine Mammals: Evolutionary Biology
(A. Berta and J. L. Sumich, Academic Press, 1999) presents a cur-
rent review of the evolutionary aspects of marine mammal science in
a textbook format. There are many other authored and edited books,
monographs, and research papers, often on more specific topics or
particular species. These are listed here in the bibliographies that
follow each entry, and the interested reader is encouraged to make
use of university libraries, major research libraries (such as in the
Smithsonian Institute in Washington, DC, for example), and World
Wide Web search engines to find out how to obtain specific refer-
ence works. In our modern computer-accessible information era, it
is hardly ever appropriate to use the excuse “I cannot find the refer-
ence,” and we hope that this encyclopedia serves as a text to help
point the way.

We hesitated before agreeing to edit this encyclopedia. Marine
mammalogy is an exceptionally broad field, ranging across many taxa
and across disciplines from molecular genetics and microstructure
to whaling history and ethics. We three are all cetologists: we study
the evolution and biology of whales, dolphins, and porpoises, and we
personally know relatively little about seals, sea cows, or whaling.
But we rub shoulders with those who do know much about these
things, in our laboratories and universities, in advisory bodies, and at
conferences, so we were considered to be in a good position to elicit
and edit articles from our colleagues. The project has been fatiguing
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and sometimes exasperating but elevating nonetheless. We have
learned a lot along the way. We owe a great deal to many people.
First we thank our editors at Academic Press: Chuck Crumly (the
Encyclopedia was his concept and owes its existence to his drive),
Gail Rice, and Chris Morris, who all put up bravely with our editing
and publishing amateurism and endless missteps and interventions.
A very large number of colleagues acted as anonymous peer review-
ers for the articles. But the most credit must go to the authors, who
gave so freely of their time and expertise. The Encyclopedia is appro-
priately an international project: articles were authored by scientists
in Argentina, Australia, Brazil, Canada, China, Denmark, France,
Georgia, Germany, Japan, Mexico, The Netherlands, New Zealand,
Norway, Peru, Russia, South Africa, Spain, the United Kingdom, and

Preface to the First Edition

the United States. The difficulties of such wide participation were
eased by the Internet.

We and the authors have engaged in our tasks as a labor of love of
our field. We hope that you find not only information in these pages,
but also a sense of the excitement of the known and the mystery of
the yet-to-be-explored. If this work so affects you, it will have been
successful. We also hope that it will help stimulate our growing cad-
res of young colleagues, naturalists, conservationists, and citizens of
earth to contribute to the efforts to save and protect these marvelous
creatures of the seas.

W. E Perrin
B. Wiirsig
J. G. M. Thewissen



GUIDE TO THE
ENCYCLOPEDIA

The Encyclopedia of Marine Mammals is a complete source of
information on the subject of marine mammals, contained within a
single volume. Each article in the Encyclopedia provides an over-
view of the selected topic to inform a broad spectrum of readers,
from researchers to students to the interested general public.

In order that you, the reader, will derive the maximum benefit
from the Encyclopedia of Marine Mammals, we have provided this
Guide. It explains how the book is organized and how the informa-
tion within its pages can be located.

SUBJECT AREAS

The Encyclopedia of Marine Mammals presents articles on the
entire range of marine mammal study. Articles in the Encyclopedia
fall within seven general subject areas, as follows:

Anatomy and Physiology
Behavior and Life History
Ecology and Population Biology
Evolution and Systematics
Human Effects and Interactions
Organisms and Faunas
Research Methodology

ORGANIZATION

The Encyclopedia of Marine Mammals is organized to provide the
maximum ease of use for its readers. All of the articles are arranged
in a single alphabetical sequence by title. An alphabetical Table of
Contents for the articles can be found beginning on p. v of this intro-
ductory section.

As a reader of the Encyclopedia, you can use the alphabetical
Table of Contents by itself to locate a topic. Or you can first identify
the topic in the Contents by Subject Area and then go to the alpha-
betical Table to find the page location.

So that they can be more easily identified, article titles begin
with the key word or phrase indicating the topic, with any descrip-
tive terms following this. For example, “Noise, Effects Of” is the title
assigned to this article, rather than “Effects of Noise” because the
specific term Noise is the key word.

ARTICLE FORMAT

Each article in the Encyclopedia begins with an introductory
paragraph that defines the topic being discussed and summarizes the

content of the article. For example, the article “Baculum” begins as
follows:

The baculum (os penis) is a bone in the penis that occurs
in small placentals (orders Afrosoricida,
Erinaceomorpha, and Soricomorpha), Chiroptera, Primates,
Rodentia, and Carnivora. The corresponding element in
females is the little-studied clitoris bone (os clitoridis), which
has been documented for polar bears and several pinniped
species, but presumably is present in all pinnipeds, and in
marine and sea otters (it is present in the northern river otter,
Lontra Canadensis).

insectivorous

Major headings highlight important subtopics that are discussed
in the article. For example, the article “Intelligence and Cognition”
includes the topics “Brain Size and Characteristics,” “Learning,” and
“Behavioral Complexity in Nature.”

CROSS-REFERENCES

The Encyclopedia of Marine Mammals has an extensive system of
cross-referencing. References to other articles appear in two forms:
as designations within the running text of an article; and as indica-
tions of related topics at the end of an article.

An example of the first type, a cross-reference within the running
text of an article, is this excerpt from the entry “Baleen Whales:”

External parasites, particularly WHALE LICE (cyamid crusta-
ceans) and BARNACLES (both sessile and stalked) are common
on the slower-swimming more coastal baleen whales such as

gray, humpback, and right whales.

This indicates that the items “whale lice” and “barnacles,” which
are set off in the text by small capital letters, appear as separate arti-
cles within the Encyclopedia.

An example of the second type, a cross-reference at the end of
the article, can be found in the entry “Forensic Genetics.” This arti-
cle concludes with the statement:

See Also the Following Articles:

Classification m Molecular Ecology m Stock Identity

This reference indicates that these three related articles all pro-
vide some additional information about forensic genetics.
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BIBLIOGRAPHY

The Bibliography section appears as the last element of an article,
under the heading “References.” This section lists recent secondary
sources that will aid the reader in locating more detailed or techni-
cal information on the topic at hand. Review articles and research
papers that are important to a more detailed understanding of the
topic are also listed here.

The Bibliography entries in this Encyclopedia are for the benefit
of the reader, to provide references for further reading or additional
research on the given topic. Thus, they typically consist of a limited
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Abundance Estimation

STEPHEN T. BUCKLAND AND ANNE IE. YORK

3 bundance estimation covers the range of techniques by

which the size of a population of marine mammals can be

estimated. Such population size estimates are often referred
to as “absolute” abundance estimates. When it is difficult to estimate
absolute abundance with an acceptably low bias, relative abundance
indices are often used instead. These are indices that are believed
to be proportional to population size, apart from stochastic vari-
ation, allowing trends in the population in space and/or time to be
assessed. The main techniques for abundance estimation (relative or
absolute) are distance sampling, mark—recapture, migration counts,
and colony counts.

I. Distance Sampling

Distance sampling (Buckland et al., 2001, 2004) is the most
widely used technique for estimating the abundance of cetaceans.
The method is particularly suited to populations of animals that are
readily detectable (at least at close quarters) and sparsely distributed
over a large area.

The two primary methods of distance sampling are line transect
sampling and point transect sampling. The latter method has seldom
been applied to marine mammal populations, and we therefore con-
centrate mostly on line transect sampling. Another distance sampling
method is cue counting, which was developed specifically for popu-
lations of large whales and the theory for which is closely similar to
that for point transects. Distance sampling data may be analyzed
using software Distance (Thomas et al., 2006).

A. Line Transect Sampling

1. Survey Design 1In line transect sampling, the survey design
comprises a set of straight lines, randomly or more commonly, sys-
tematically spread through the study area for which an abundance
estimate is required. For marine mammal surveys, the lines are cov-
ered by a team of observers on a ship or boat, or by one or more
observers in an aircraft. Because efficiency is improved if lines are
placed perpendicular to density contours, a common design for
inshore surveys is to have a series of parallel lines as far as possible
perpendicular to the coastline. The study area is often divided into
geographic blocks or strata, allowing different orientations of the
grid of lines in different strata and allowing effort to be greater in
high-density strata. For shipboard surveys especially, systematic zig-
zag designs are often used because there is then no loss of expensive
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Figure 1 The observer records an animal at detection distance r
and detection angle 0, from which the perpendicular distance is cal-
culated as x = r sin®.

ship time in traversing off-effort (i.e., not searching for marine mam-
mals) from one line to the next (Buckland et al., 2004). The ship can
then be continuously searching for marine mammals during day-light
hours.

2. Assumptions The following three assumptions should hold:

(1) Animals on or very close to the line are certain to be detected
(see later).

(2) Animals are detected before they respond to the presence of the
observer, and nonresponsive movement is slow relative to the
speed of the observer.

(3) Distances are measured accurately (for ungrouped distance
data), or objects are correctly allocated to distance interval (for

grouped data).

Bias from nonresponsive movement is generally negligible, pro-
vided that the average speed of the animals is less than one-half of the
speed of the observer. A fourth assumption is made in many deriva-
tions of estimators and variances: whether an object detected is inde-
pendent of whether any other object is detected. Point estimates are
robust to the assumption of independence, and robust variance esti-
mates are obtained by taking the line to be the sampling unit, either
by bootstrapping lines or by calculating a weighted sample variance of
encounter rates by line.

We do not need to assume that animals are randomly distributed
throughout the survey area, provided that lines are placed randomly
with respect to the animals. This ensures that objects in the surveyed
strip are uniformly distributed on average with distance from the line.

3. Estimation Perpendicular distances x are measured from the
line to each detected animal. (We will consider the case that animals
occur in groups later.) In practice, for shipboard surveys, detection
distances r and detection angles ¢ are usually recorded, from which
perpendicular distances are calculated as x = r sin 6 (Fig. 1). Suppose
there are k lines of lengths [,....J;, with L = Z l]., and n animals are
detected, at perpendicular distances xy,...,x,. Suppose that animals
farther than some distance w from the line are not recorded. Then
the “covered area” is @ = 2wL, within which n animals are detected.
However, not all animals within the surveyed area are detected. Let
the effective half-width of the strip be 1 < w (so that the proportion
of animals within the covered area that are detected is p/w). Then
animal density (number of animals per unit area) is estimated by:

n (1)

D=—
2uL
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Abundance is estimated as N = Aﬁ, where A is the size of the
study area. We therefore need an estimate [ of p. The software
Distance provides comprehensive options for these analyses.

Animals often occur in groups, which we term “clusters.” If one
animal in a cluster is detected, it is assumed that the whole cluster
is detected, and the position of the cluster is recorded. Equation
(1) then gives an estimate of the density of clusters. To obtain the
estimated density of individuals, we must multiply by an estimate of
mean cluster size in the population E(s):

nﬁ(s)

D=
2L

(2)

Because the probability of detection is often a function of cluster
size, the sample of cluster sizes exhibits size bias. In the absence of
size bias, we can take E(s) =, the mean size of detected clusters.
Several methods exist for estimating E(s) in the presence of size
bias (Buckland et al., 2001).

These methods assume that once a cluster of animals is detected,
it is possible to record the size of that cluster accurately. For ship-
board and aerial surveys, this often dictates that at least part of the
survey is conducted in “closing mode.” After detection, search effort
ceases, and the vessel closes with the detected cluster, to allow more
accurate estimation of cluster size. This strategy also eases the dif-
ficulties of species identification. If “passing mode” is adopted,
then underestimation of the size of more distant clusters might be
anticipated. Regression methods for correcting size bias also cor-
rect for this bias, provided that the sizes of clusters on or close to the
transect line are estimated without bias. Where cluster size estima-
tion is problematic, observer training is usually necessary to ensure
that bias is not large.

4. Multiple-Covariate Distance Sampling Whether an animal is
detected is a function of many factors apart from distance of the animal
from the line. Sea state, glare, observer, animal behavior, observation
platform, cluster size are a few of the possible factors. When detec-
tion on the line is certain, we do not need to model the dependence of
detection probability on all these factors, because estimation is pooling
robust. However, it is often of interest to estimate how detectability is
affected, and the methods to address this issue are available in chapter
3 of Buckland et al. (2004) and in Distance (Thomas et al., 2006).

5. Modeling Density Surfaces There is an increasing interest in
modeling density surfaces, so that animal density can be related to
habitat or environmental variables, or so that abundance for a sec-
tion of the survey region can be estimated with greater reliability
and precision. Figure 2 was obtained using the methods of chap-
ter 4 of Buckland et al. (2004) and shows density of minke whales
(Balaenoptera acutorostrata) in the North Sea, estimated from the
1994 scans survey data (Hammond et al., 2002).

6. Uncertain Detection on the Transect Line The standard line
transect method assumes that animals on the line are certain to be
detected. Double-platform methods in which observers search
simultaneously from two platforms are therefore becoming com-
monplace. This allows extension of the standard methods to the case
that animals on the line are not certain to be detected and also, given
appropriate field methods, allows adjustment for responsive move-
ment of animals prior to detection by the primary observers. The
methods described in chapter 6 of Buckland et al. (2004) are avail-
able in Distance (Thomas et al., 2006). To reduce the bias arising
from unmodeled heterogeneity in the detection probabilities, these
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Figure 2 Estimated density of common minke whales in the
North Sea.

methods do not assume full independence between observers, but
instead use the weaker assumption of point independence: detec-
tions (conditional on recorded covariates) are assumed independent
on the line only, as dependence can be expected to be weaker here
than away from the line. Double-platform surveys are used widely in
cetacean surveys, and have also been used for estimating the abun-
dance of polar bears (Ursus maritimus) and seals.

7. Automated design algorithms and GIS Increasingly, survey
designs are being developed within Geographic Information Systems
(GIS). Automated design algorithms allow the user to avoid the need
for designing surveys by hand and allow identification and imple-
mentation of more efficient designs. Chapters 7 and 8 of Buckland
et al. (2004) cover these issues, and Distance (Thomas et al., 2006)
has GIS functionality together with a selection of automated design
algorithms.

B. Strip Transect Sampling

Strip transect sampling is a special case of line transect sampling
in which it is assumed that all animals out to the truncation distance
w are detected. This simplifies analysis, and distances of detected
animals from the line need not be measured, except to ensure that
they are within distance w of the line. However, the method is sel-
dom efficient for marine mammals; if the strip is narrow enough to
ensure that all animals out to w are detected, then many animals
are detected beyond w, and these observations must be ignored.
Abundance of sirenian populations has traditionally been obtained
by strip transect methods.

C. Cue Counting

In cue counting, observers on a ship or in an aircraft cover a sec-
tor ahead of their observation platform and record all cues detected
within the sector and the distances of the cues from the platform.
In principle, the method can be used for any marine mammal, but
in practice, it has been used primarily for large whales, for which
the cue is the blow. The same design considerations apply as for line
transect sampling, although the analysis is essentially the same as for
point transect sampling.

If the cues are well defined, such as blows of large whales, then
cue counting has the advantage over line transect sampling that
the recording unit is the individual cue. Observers need not iden-
tify whether different cues are from different animals or how many
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animals are in a cluster. It also does not matter if some whales stay
down so long that they will be undetectable even if they are on the
transect line, provided that all cues within the recording sector and
very close to the observation platform are detected. Another advan-
tage is that the method requires observer-to-animal distances, which
are easier to estimate than perpendicular distances of animals from
the line. The main disadvantage is that the method yields estimates
of cue density per unit time, which can only be converted into whale
density by estimating the cue rate (cues per animal per unit time)
from additional costly surveys. The estimated cue rate is prone to
bias, both because animals may behave differently when a survey
ship is close by and because it is easier to monitor animals that cue
frequently, thus biasing the cue rate upward. Additionally, if animals
cue more frequently when a ship is bearing down on them, an excess
of short distances will be observed in the distance data, biasing the
estimation of cue density.
The number of cues per unit area per unit time is estimated by:

~ 2n

" opT ®

c

where n is the number of cues detected in time T, ¢ is the angle
of the sector in radians, and ¢ is the estimated effective radius of
detection. Estimated density is then,

p=Le
A

where X is the estimated number of cues per animal per unit time
(the cue rate). As before, abundance is estimated as N = AD, where
A is the size of the study area.

Because cues may be from the same whale, or the same pod of
whales, they cannot be assumed independent. This is not a major
problem given the robust variance estimation methods provided by
software Distance, although model selection tools such as AIC and
goodness-of-fit tests are unreliable.

If cues immediately ahead of the vessel might be missed, double-
platform methods similar to those for line transect sampling may be
used. This has the advantage over those analyses in that it is easier
to identify whether a single cue is seen from both platforms, e.g., by
recording exact times of cues, than to identify whether a single ani-
mal or animal cluster is seen by both platforms, as the two platforms
may see different cues from the same animal.

II. Mark-Recapture

MARK—-RECAPTURE tends to be more labor-intensive and more sen-
sitive to failures of assumptions than distance sampling. However,
it is applicable to some species that are not amenable to distance
sampling methods and, if the marks are long lasting, can yield direct
estimates of survival and recruitment rates, which distance sampling
cannot do. Mark-recapture methods can be useful for populations
that aggregate at some location each year, whereas distance sam-
pling methods are more effective on dispersed populations. The two
approaches should therefore be seen as different tools for different
purposes. Among marine mammals, mark-recapture has been used
most often to estimate the abundance of pinnipeds, usually for the
estimation of young of the year. Polar bears have also been the sub-
ject of mark-recapture studies. Perhaps the most comprehensive
software currently available for analyzing mark-recapture data is
MARK (White and Burnham, 1999).

A. Estimation from a Tagged Subset of Animals

1. The Petersen Estimator In its simplest form, mark—recapture
consists of marking a sample of M animals from a population of
unknown size N, returning the animals to the population and then
removing, capturing, or observing a sample of n animals. Suppose
that, of these n animals, m were marked. We assume that the pro-
portion of marked animals in the second sample is a valid estimate of
the proportion of marked animals in the population, giving the fol-
lowing “Petersen” estimator of population size:

~

N = nM/m

2. Chapman’s Modified Estimator Inference for the Petersen
model is complicated by the fact that the variance of N is infinite
unless n+M>N,in which case m cannot be zero. Chapman’s esti-
mator N, = (n + 1)(M + 1)/(m + 1) — 1 has finite variance. It also has
lower bias (and no bias for n+ M > N), provided that the assump-
tions of the estimator are satisfied.

Many variations on this theme have been developed, including
extensions to multiple samples, extensions to open populations, “single
release” methods, and “single recapture” methods (particularly suited
for when the mark is recovered from a dead animal). See “Mark and
Recapture Methods”, this volume.

3. Assumptions The assumptions required for N to be a rea-
sonable estimate of population size are that the population of inter-
est is closed over the survey period and that animals are marked and
resighted or recaptured at random. In using the ordinary Petersen
estimate, it is also assumed that marks are not lost during the survey
period and that marking does not affect the probability of resight-
ing or recapturing the animal. Methods have been developed to
circumvent these restrictive assumptions and the literature for this
topic is rich (see reviews by Pollock, 1991 and Buckland et al., 2000).
For most wildlife populations, probabilities of recapture or resight-
ing tend to vary among animals for a variety of reasons. This het-
erogeneity can be problematic to model and can lead to large bias in
abundance estimates, so that the design of a mark-recapture survey
should be carefully addressed to minimize heterogeneity.

4. Estimation of Pinniped Numbers by Mark—Recapture Mark—
recapture techniques have been successfully used to estimate the abun-
dance of young of the year for several species of fur seals. Chapman
and Johnson (1968) described the first successful application of this
technique for the population of northem fur seals (Callorhinus ursi-
nus) on the Pribilof Islands. They marked seals by shearing some hair
from their heads and later went back to the colony and counted num-
bers of marked and unmarked animals within groups of animals. They
calculated the Petersen estimate of abundance, which they verified on
small colonies where direct counts of young of the year could be made.
Resighting was replicated on each colony and several procedures for
estimating the variance of the total population size were investigated.
These included (1) an empirical estimate calculated as the variance of
the mean of replicated estimates for each colony, and the variance of
the total calculated by summing the individual colony variances, and (2)
a variance for each replicated colony estimate assuming the hypergeo-
metric distribution, with the variance of the mean count for each colony
estimated from the variances of the individual counts. They also dis-
cussed the use of interpenetrating subsamples to estimate the variance.
This procedure is similar in flavor and intent to the bootstrap procedure.

5. Mark-Recovery Methods Before the development of line
transect methods for estimating the size of populations of large
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baleen whales, mark-recovery studies were carried out in which
“Discovery” marks were fired into whales, a proportion of which
would later be recovered by whalers. Disadvantages of this approach
included a requirement for very large sample sizes to ensure an ade-
quate number of recaptures; a long delay before sufficient data accu-
mulated to allow abundance to be estimated; and strong sensitivity of
abundance estimates to failures of assumptions. The methods were
largely unsuccessful. For a review of the mark-recapture models that
are potentially relevant to such data, and of the numerous sources
of potential bias in the abundance estimates, see Buckland and Duff
(1989). Before the development of mark—recapture or mark-resight
techniques for northern fur seal pups, there were many attempts to
estimate the population size by tagging pups at birth and recovering
the tags in a commercial harvest. This application failed for similar
reasons that the use of Discovery tags failed to properly estimate the
size of cetacean populations.

B. Use of Natural Markings

Studies that use natural markings to identify individual animals in
a population have become widespread in recent years. These usually
rely on photo identification of individuals. A significant milestone in
the use of such methods was Hammond et al. (1990), which com-
prises an edited collection of papers from a workshop on the topic.
While the technique is undoubtedly of great value, it is important to
be aware of its limitations.

Natural markings data can be very effective for estimating sur-
vival rates of marine mammals. Abundance estimation is more
problematic, as this involves extrapolation from the identified sub-
population. If a high proportion of the population (>80%) can be
identified, then abundance estimates are likely to have small bias,
especially as there is a tendency to underestimate population size. It
is possible to achieve such high rates, e.g., for small coastal popula-
tions of bottlenose dolphins (Tursiops spp.) and pinniped colonies,
provided individuals have distinct markings. The method is then
useful because it allows enumeration of almost the whole population
without fear of double counting individuals or of seriously underes-
timating population size. When smaller proportions of animals are
identified, estimates of population size can be badly compromised
for a variety of reasons. Severe heterogeneity in the “capture” prob-
abilities is common, e.g., because some natural markings are iden-
tified much more readily than others or some individuals are more
approachable than others. It is notoriously difficult to model such
mark-recapture data reliably. Another problem is that the popula-
tion being estimated is not always well defined, with some animals
from elsewhere temporarily entering the population and others tem-
porarily absent. A severe problem for large populations, in which
only a small proportion can be identified, is that false positives in the
matching procedure, even if they occur only rarely, can lead to a sub-
stantial underestimation of population size.

Genetic fingerprinting, if feasible, can reduce this problem sub-
stantially. Natural markings studies are invaluable for estimating
survival and birth rates, for identifying migration routes, and for
detailed studies, including abundance estimation, of a small popula-
tion. However, they are rarely a cost-effective or reliable method for
estimating the size of large populations of marine mammals.

III. Migration Counts

Many populations of large whales conveniently file past coastal watch
points on migration, allowing observers to count a large proportion

of the population. This count can then be corrected for animals pass-
ing outside watch periods to estimate population size. In practice,
further corrections are needed, e.g., to adjust for pods that pass unde-
tected during watch periods, for biased estimation of pod size, for dif-
ferent rates of passage between day and night, and for a component of
the population that fails to pass the watch point. Despite the need for
various correction terms, migration count data yield very precise esti-
mates of abundance with low bias, provided that the more significant
correction factors are estimated reliably. This is unsurprising given that
typically 30-40% of the population might be seen by the observers, a
much higher fraction than is normal in a distance sampling survey.

The methods usually used for modeling migration counts were
developed for the analysis of surveys of the California gray whale
(Eschrichtius robustus). To estimate the numbers of undetected pods
passing during watch periods, two count stations operate independ-
ently, and these double-count data are modeled using logistic regres-
sion. A polynomial model is used to estimate the rate of passage as
it varies through the season, from which numbers of whales passing
outside watch periods are estimated. A Bayesian approach is used for
analyzing similar data on bowhead whales (Balaena mysticetus).

IV. Colony Counts

Many populations of pinnipeds gather for breeding and pup-
ping at certain times of the year. Researchers often make counts of
these populations from cliffs above the colonies, from planes flying
overhead, or sometimes from ships passing the colony. Often photo-
graphs are taken of the colonies. These are brought back to the labo-
ratory for analysis and form a permanent record of the population. In
most pinniped populations, it cannot be assumed that all the animals
are on shore at any given time, although in fur seal populations there
is a time window in which almost all of the young of the year and
breeding males are present, and in certain phocid populations all the
young of the year and breeding females are present. Thus, colony
counts alone cannot be used to determine absolute abundance of
the population size, except for certain classes of animals, and this
depends on the reproductive patterns of the population of inter-
est, which must be taken into account when the survey is designed.
Serial colony counts can be used to determine the rate of increase of
the population if the same proportion of animals is present each year
at the colony when the counts are made. This assumption is most
likely valid for young of the year. For other segments of the popula-
tion, this assumption fails if the timing of reproduction changes or
if conditions at sea change so that animals need to spend a different
amount of time at sea feeding and consequently a different amount
of time at the colony.

The size of the harbor seal (Phoca vitulina) population in the
state of Washington is estimated by combining colony counts made
during aerial surveys and mark-recapture to account for animals not
present during the aerial surveys. Transponder tags with unique fre-
quencies are attached to animals before the surveys. During the flyo-
vers, animals on shore are counted and radio searches are made to
determine the proportion of animals that is ashore. The total popu-
lation is estimated as N,,, = N/p where N is the average count of
animals on shore and P is the estimated fraction of marked animals
on shore. The total harbor seal populations in the Gulf of Alaska
(Boveng et al., 2003) and in England (Thompson et al., 2005) are
estimated from corrected colony counts from aerial surveys. In both
cases, the correction factors are estimated from a regression analysis
of observed counts on factors that affect the propensity to haul-out
on land, such as time of day, tide level, or weather.
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A corrected count method is also used to estimate the numbers
of southern elephant seal (Mirounga leonina) and Antarctic fur seal
(Arctocephalus gazella) pups on South Georgia. In those surveys,
counts of adult females are made from shore or ship along the whole
coastline during the pupping season. The counts made at any partic-
ular site are then used to estimate the total production for that site
based on the adult female haul-out curves and pregnancy/pupping
rate estimates from sites that are monitored regularly (twice daily
in the case of fur seals) through the breeding season. Similarly, the
abundance of northern fur seal pups on the Pribilof Islands is some-
times estimated from mark-recapture estimates on sample colonies
coupled with counts of breeding males on all colonies (York and
Kozloff, 1987). The ratio of pups to breeding males, estimated on
the sampled rookeries, is multiplied by the total count of breeding
males on all colonies. Total population size of the stock of northern
fur seals has been estimated by multiplying estimated pup numbers
by a correction factor derived from a life table assuming a stable age
distribution. This method is a very rough tool for estimating the total
population and usually no estimates of its bias or variability are com-
puted. In the case of UK gray seals (Halichoerus grypus), population
dynamics models are fitted to the time series of pup counts, to allow
estimation of population size, while accounting for the major sources
of uncertainty: observation error, demographic and environmental
stochasticity, and model uncertainty (Thomas et al., 2005).

The sizes of colonies of pinnipeds can also be determined using
estimates of the area of all colonies coupled with estimates of the den-
sity of animals on those colonies. Although this method is often used
to estimate the sizes of bird colonies, it has only been used occasion-
ally to estimate pinniped population sizes. The estimates of the areas
of the colonies were made from maps of the colonies. Counts or cor-
rected counts, or mark—recapture estimates of the population of inter-
est, are determined on a subsample of colonies. It is assumed that the
density of animals in the sampled colonies is representative of the
density on all colonies and the total population is estimated by multi-
plying the total area by the estimated density. Researchers attempted
to use this method to estimate the size of the Pribilof northern fur seal
population in the late 1940s. At that time, it was thought that the vari-
ability of the estimates was too large and efforts were begun to design
mark—recapture studies.

Counts, or more often corrected counts, are also sometimes
attempted on other marine mammals. For example, because sea
otters (Enhydra lutris) are difficult to survey by other means, they
tend to be counted from a boat. Such counts typically underestimate
population size, sometimes substantially (Udevitz et al., 1995). Such
counts may be useful as indices if the methods are consistent from
survey to survey and if the behavior of animals does not vary in a way
that would affect the survey count.

See Also the Following Articles

Mark—Recapture Surveys
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Bernp WiRsic aND HaL WHITEHEAD

olphins and whales (and some pinnipeds, at times) are aeri-
D ally acrobatic in seemingly exuberant displays of sheer joy.

While play may at times be a cause of leaping and other
surface activities, there are multiple aerial behavior types and rea-
sons, not all totally understood. We here discuss mainly leaping and
breaching, but also mention lunging, spy-hopping, slapping flukes
and flippers onto the water surface (lobtailing and flipper slapping),
porpoising, and lifting the flukes clear of the water, or fluking.

When large whales leap, the activity is generally termed breaching;
when the smaller toothed whales leap, it is generally termed leaping.
While the terms can be used interchangeably, we here attempt to stick
to those general uses. The breach of a large whale is almost certainly
the most powerful action performed by any animal; that of a leaping
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dolphin rising many body lengths above the surface is one of the most
breathtaking. But most breaching and leaping are not immediately
functional activities for an aquatic animal, and a question of “Why?” is
still only partially answered.

I. Whale Breaching

Breaching is defined as a jump in which at least 40% of the animal
leaves the water. This is distinct from lunging, when less than 40% of
the body leaves the water; and lunges are often part of other activity,
such as a whale lunging toward another as a part of aggressive dis-
play (humpback whale, Megaptera novaeangliae, males). The breach
(and dolphin leap) may be thought of as an intentional act—leaping
out of the water for that express purpose. Dolphins porpoising, to be
discussed below, do so as apart of their forward locomotion, and in
this special case, the reason for leaping while high-speed swimming
is reasonably well understood.

When breaching, sperm whales (Physeter macrocephalus) tend to
approach the surface vertically from depth (Waters and Whitehead,
1990). Other animals swimming in water less than a few body lengths
deep, e.g., humpback and right whales (Eubalaena spp.), make a hori-
zontal approach to the breach, gaining speed until, at the last moment,
they raise their heads and flukes, pivoting on their flippers, so convert-
ing horizontal momentum into vertical motion, and thus rising through
the surface (Whitehead, 1985a). To make a full breach, a humpback
whale must break the surface at about 15 knots (about 8m/s), close
to its maximum speed. It is likely that some of the most spectacular
breaches of other species also represent the full power of the animal.

After breaking the surface, whales have many styles of breaches.
In the classic breach of a large whale (such as a humpback or right)
the animal emerges from the water at about 20° to 30° from the ver-
tical, twisting so as to land on its back or side, having shown about
90% of its body above the surface at peak emergence (Fig. 1).
However, about 20% of the breaches of sperm and humpback whales
are “belly flops,” with the animal landing ventrally. Breaching whales
produce large splashes upon reentry into the water, which can be vis-
ible at many kilometers. Frame-by-frame analysis of high-speed pho-
tography shows that there are actually two splashes: one is created as
the animal falls onto the water surface and initiates a crater of water
underneath it, and the other is the secondary splash (and slap sound)
produced as the crater collapses on itself, in an act of cavitation.

Figure 1 A killer whale (Orcinus orca) performs a classic breach
typical of large whales. The Killer whale is the largest of the delphin-
ids but is not as great a breacher as some of the baleen whales, Photo
by Bernd Wiirsig.

Breaches are often performed in bouts. Extreme is 130 breaches
in 75min, probably all breaches are performed by the same hump-
back whale on Silver Bank, West Indies. As such sequences progress,
animals tend to show less and less of their bodies, visibly appearing
fatigued.

Quantitative breaching rates are only available for a few species and
are usually not comparable. However, it is clear that there are substan-
tial differences between species in the rates of this and other forms
of aerial activity (Whitehead, 1985b). Frequent breachers include the
humpback, right, and sperm whales, as well as virtually all offshore
dolphins. In contrast, balaenopterids (blue, Balaenoptera musculus;
fin, B. physalus; sei, B. borealis; Bryde’s, B. edeni; minke, B. acutoros-
trata, B. bonaerensis), and most beaked whales (except the northern
bottlenose, Hyperoodon ampullatus) breach much more rarely.

Breaching rates, then, are not related to size and, at least in the
large whales, are inversely related to speed—stouter, slower animals
tend to breach more. Instead, interspecifically the best correlate of
breaching rate is sociality. Animals found in larger groups, and for
whom social structure seems more important, breach more frequently.
In sperm whales, the gregarious females breach more often than the
much larger, and more solitary, males. Calves of many species breach
more frequently than adults.

The circumstances in which breaches occur can provide impor-
tant clues as to their purpose or function. In some species, different
segments of the population breach more frequently than others. For
instance, calves of many species breach more frequently than adults.
In sperm whales, the gregarious females breach more often than the
much larger, and more solitary, males.

Most baleen whales have pronounced seasonal cycles, feeding in
winter at high latitudes and breeding in winter nearer the equator.
Humpbacks in the western North Atlantic breach about seven times
more frequently on their winter breeding grounds in the West Indies
than when feeding off Newfoundland.

In a number of species (including humpback, right, and sperm
whales) breaching is observed more frequently when groups are
merging or splitting. Male humpback whales may breach when they
stop singing on the Hawaiian breeding grounds. Breaching is often
observed together with lobtailing and/or flipper slapping, with differ-
ent animals performing different activities at the same time, or one
animal switching between the different activities. Studies of hump-
back and right whales have also shown that breaches by one animal
seem to trigger breaches by neighbors. On Silver Bank, breaching
humpbacks form clusters about 10km across. One of the most inter-
esting, and in some ways unexpected, findings that has emerged
from several studies of different species is that breaching rates of
large whales increase with wind speed. There is currently no gener-
ally accepted explanation for this widespread pattern, although it has
been postulated that the sound of the breach may serve for better
communication in all directions in a surface-noisy ocean.

II. Dolphin Leaping

The act of dolphins leaping clear of the water is always an energetic
and at times a highly acrobatic feat. Just as in large whales breaching,
to clear the water the dolphin needs to attain a rapid forward speed
and momentum, near the limit of its swimming capability. It gen-
erally bends its body abruptly to exit the water and then twists the
body mid-air to reenter the water in some structured fashion. Even a
noisy “belly flop” after a leap has been designed as such, as multiple
similar leaps of the same animals demonstrate. Reentering the water
can be head first (unlike in breaching large whales, where it is never
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head-first), creating minimal splash and noise. It can consist of a side,
back, or belly splash, resulting in a welter of white water and foam
and a considerable percussive (splash) noise in-air and underwater.
Finally, there is the “showy” acrobatic leap that consists of spins,
somersaults, and various in-air twists. Frame-by-frame analysis of
high-speed photographs shows that dolphins control these acrobatics
to within split-second timing, affecting muscle movements that allow
them to perform the same leap and reentry onto the water again and
again. In human terms, a well-trained gymnast or pool diver comes
to mind. Dolphin leaps tend to last for 1-2s, depending on the acro-
batics being performed and the size of the leaping individual.

There are three main variations of this leap that tend to create
little water disturbance or noise upon reentry. One consists of a “sta-
tionary” leap, where the animal comes steeply from depth, usually
greater than three body lengths. It leaps in-air, breathes, and tucks
its body into a bend to reorient the head downward, then rapidly
descends into depth at or very near the original exit point. This leap
appears to be executed for the animal to leave whatever it is doing
at depth for a minimal time, breathe, and use the in-air weight of its
body to regain its position. The need for such an efficient mechanism
to breathe becomes clear when we consider that dolphins feeding
or mating at depth, e.g., essentially need to interrupt these activities
to obtain life-sustaining air. If they can do so rapidly, all the better.
The stationary leap is performed singly by dolphins herding food fish
below the surface (Wiirsig, 1979), but often in twos or threes during
socializing (Norris et al., 1994) (Fig. 2).

A second head-first reentry leap consists of rapid swimming just
below the surface, a very abrupt bend of the body to exit the water,
and then a long arcuate in-air leap that may propel the dolphin for-
ward by up to three times of its own body length. While the reentry
is head first, there is nevertheless some splashing of water due to the
rapidity of the action, kicked up by the body as it exits and again as
it enters. This is the “running leap” of dolphins moving at speed, a
form of high porpoising. Dolphins propel themselves underwater
with several powerful but rapid tail beats and then “sail” through the
air, a medium 800 times less dense than water. There is consider-
able drag generated by crossing the air—water interface, but for an
animal that needs to come to the surface to breathe anyway (such as
penguins and dolphins), travel efficiency increases above a particular

Figure 2 Two dusky dolphins (Lagenorhynchus obscurus) per-
form stationary, or headfirst re-entry, leaps while socializing. Photo
by Heidi Pearson.

speed by leaping rather than swimming (Fig. 3). For a 2.5-m-long
dolphin, the crossover speed from swimming to leaping is about
4.6m/s, or 16.6km/h (Au and Weihs, 1980). Above about 4m body
length (and concomitant body weight), high porpoising is no longer
as easy, although killer whales (Orcinus orca) moving very rapidly
may leap in this manner for short periods of time.

The third head-first reentry leap is designed to gain height.
Dolphins, often in twos or threes, leap as high as three times their
own body lengths above the surface of the water, usually but not
always reentering the water head first. A 2.5-m male pantropical spot-
ted dolphin (Stenella attenuata)—spotted dolphins are the champion
high leapers—thus leaps about 7m into the air, or the equivalent of
over two apartment stories high. While these leaps may be performed
largely for “fun,” they may also serve the function of seeing to greater
distance by gaining height. Dusky dolphins (Lagenorhynchus obscu-
rus) leap in this fashion just before high porpoising toward feeding
aggregations with flocking birds some kilometers away (Wiirsig and
Wiirsig, 1980) (Fig, 4).

Dolphins that noisy leap exit the water in similar fashion as in head-
first reentry leaps, but twist the body to reenter with back, side, or
belly first. Many noisy leaps end with the dolphin merely falling back
onto the water surface. Others are particularly designed to have the
animal reenter in a predetermined fashion, and high-speed photogra-
phy shows subtle tail, flipper, head, or other body readjustments even
split seconds before reentering and appearing to be structured to force
the body onto the water with a maximal intensity of splash. These

Figure 3 A bottlenose dolphin (Tursiop truncatus) porpoising.
Photo by Randall Wells.

Figure 4 Dusky dolphins perform high porpoising leaps while
traveling. Photo by Bernd Wiirsig.
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Figure 5 A southern right whale (Eubalaena australis) performs a
percussive tail slap.

Figure 6 A spinner dolphin (Stenella longirostris) spinning.

observations have led to speculation that noisy leaps are structured for
omni-directional communication among dolphins and whales. Indeed,
noisy leaps tend to occur more often in higher wind states (when near-
surface ambient noise greatly increases), and this observation fits with
the hypothesis of communication. Noisy leaps also occur around the
periphery of near-surface schools, and in that case, the percussive
slaps, as well as the underwater bubble clouds formed by dolphins
reentering the water, may serve to frighten fish and cause them to
school or aggregate more tightly. Dolphins may at times also stun or
debilitate fish prey with the slaps of noisy leaps (as well as with tail
slaps), but there is no detailed information on this possibility (Fig. 5).

Some dolphins are especially showy for at least some of their leaps,
with spins, somersaults, combinations of flips, head twists, extra tail
kicks in-air, and so on. These leaps are almost always associated with
an obviously high level of social activity in a school or pod, as evi-
denced by social rubbing, sexual activity, and a cacophony of whistle
and other sounds. Acrobatic leaps usually occur in bouts, with one
dolphin (or whale) leaping at least several times. The more social the
group, the more leaping dolphins and the longer the individual bouts.
These leaps appear graceful to our human eyes and appear particu-
larly structured to be enjoyed in the making and the viewing, like art.
However, this may not be the case; we simply do not know.

Spinner dolphins (Stenella longirostris) spin by rotating their body
rapidly around the long axis up to seven times (usually two to four
times) before falling back into the water (Fig. 6). They do so in both

vertical spins and horizontal fashion (Norris and Dohl, 1980; Norris
et al., 1994). While twisting of the body in-air may effect some small
change in the spin, the angular momentum appears to be almost
entirely generated by subsurface corkscrewing in the more dense
medium (880 more dense than air!) of water (Fish et al., 2006).

Members of the genus Lagenorhynchus, such as Pacific white-
sided (L. obliquidens) and dusky dolphins, are probably the most
aerially acrobatic of all dolphins and whales, with somersaults, twists,
and various inventive bends and contortions (Brownell and Cipriano,
1999). Individuals also have the longest bouts of any of the dolphins
(some whale breach bouts are as long, and longer; discussed earlier),
with up to 36 somersaults having been counted in one dolphin in one
about 5-min duration. Interestingly, Lagenorhynchus spp. individuals
will “never” change leap type during a bout. If a dusky dolphin begins
a backward somersault with a half twist to the left and a tail kick just
before reentering the water, it will continue this same leap, with no
noticeable variation, during that leap bout. Toward the end of the
bout, it will tire, muscle action will slow, and the leap will be slightly
imperfect. It then quits and breathes while resting at the surface for
several minutes. Later, in a different bout, the same individual will
leap differently, demonstrating that it knows more than one leap type.

Acrobatic leaps tend to be noisy, but are not structured specifi-
cally to make noise. They are structured to be acrobatic, and it is dif-
ficult to imagine that they occur for anything but the “fun” (or the
art) of it. A more scientifically acceptable explanation may be that
acrobatic leaps are not merely an outgrowth of a high level of social
activity, but are themselves a call for social activity. Acrobatic leap
types may thus serve a social facilitation function that helps to coor-
dinate members of a school or pod. Such facilitation may be espe-
cially useful to animals that coordinate finding and aggregating of
food and that may need to establish and maintain delicate balances
of social and sexual hierarchies. One argument against this stands
out: dolphins leaping acrobatically are not being watched by others.
They perform their show above the surface while, at any one time
of a leap, most or all others are below. Acrobatic leaps may create
somewhat different splash sounds from other more simple leaps, but
this is not known (Fig. 7).

III. Other Active Aerial Behaviors

Lunging can be a low form of a would-be breach, and may there-
fore at times indicate a lowered form of alertness or sociality. But,
lunging in whales can also be directed at another individual or indi-
viduals, and can signal aggression. Dolphins that play around the
eyes and mouths of whales at times apparently do so to elicit lunging
from the whales, so that they can ride the “bow-wave” of the lunging
behemoth (see Playful Behavior, this volume).

Spy hopping is practiced by both whales and dolphins, and con-
sists of the animal usually quite slowly lifting the head out of the
water almost or fully vertical, usually just to the level of the flip-
pers. The term “eye out” might be better for this activity, as we do
not know whether the animals are indeed “hopping” out in order to
“spy” or look around in-air. At times, spy hopping is attended by a
slow rotation of the body, and it does, indeed, appear that the whale
or dolphin may be surveying its in-air environment.

Lobtailing or tail slapping consists of forcefully slapping the tail
onto the surface of the water (Fig. 5), either ventrum or dorsum up.
Large whales are usually oriented more or less vertically in the water
column, and the tail stock is sharply bent at the surface in order to
produce the tail slap. Smaller toothed whales and dolphins, however,
tend to have their bodies oriented parallel to the surface with the
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Figure 7 A dusky dolphin performing an acrobatic leap. Photo by
Jody Weir.

tail stock not as strongly bent. The slapping action can propel them
forward slowly, usually in a semicircle. While the beat frequency in
large whales can be quite slow, on the order of several to as many as
10s between slaps, in dolphins it can be up to one or slightly more
per second; it is then at times termed “motorboating”. Lobtailing
produces a loud “crack” sound in air but is not all that loud under-
water, and certainly not as loud as many of the vocalizations made by
whales and dolphins.

There is high variability of which whale species lobtail and which
do so less or not at all. While our review does not pretend to be com-
plete, sperm, right, bowhead (Balaena mysticetus), humpback, and
gray whales (Eschrichtius robustus) are “frequent” lobtailers; but
members of the genus Balaenoptera tend to lobtail little or not at
all. For the smaller cetaceans, Delphinids are champions at lobtail-
ing and other aerial behaviors, but Phocoenids (the porpoises) and
river dolphins lobtail (and flipper slap) rarely.

Flipper slapping by whales and dolphins (and by sea lions and fur
seals), occurs, as in lobtailing, with both ventrum and dorsum (of the
flipper) striking the surface. It also produces a percussive sound in
air, and a less loud one underwater.

IV. Potential Reasons for Aerial Behaviors

It is of course difficult to succinctly summarize our thoughts on
reasons for many and diverse gradations of aerial behaviors. Much of
the time, especially active behaviors are associated with high levels
of alertness, or high levels of sociality. Especially percussive signals
may have direct COMMUNICATION function.

A number of authors have suggested that breaching, leaping
(when in “noisy” fashion), lobtailing, and flipper slapping may help
cetaceans feed by scaring, stunning, herding, or trapping fish or
other prey. Although many, probably the majority, of breaches of
most species occur in nonfeeding circumstances, the closely related
activity of lobtailing is known to sometimes assist feeding, so a direct
benefit to food capture cannot be ruled out as a function for some

breaches, perhaps especially the “clean-entry leaps” of dolphins.

Figure 8 A sperm whale (Physeter macrocephalus) in the act of
diving and fluking off the coast of New Zealand. Initiation of the dive
(top), as the back curves just before lifting the flukes. This fluking
sequence shows a particularly high “fluke out” before a fully vertical
descent. Photo by B. Wiirsing
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Similarly, we cannot completely rule out some rather prosaic poten-
tial benefits of breaching and leaping such as stretching, looking above
the water, or inhaling water-free air in rough weather. However, these
too are unlikely to be important functions of most aerial activities.

One proposed benefit of breaching/leaping that is more con-
sistent with at least some of the evidence is ectoparasite removal.
Among the baleen whales, the more heavily infested species tend to
be the most frequent breachers, and in Hawaiian spinner dolphins,
44% of spinning dolphins had remoras attached. However, spinners
without remoras also breached, and much of the circumstantial evi-
dence points to a very different function—communication.

As noted earlier, the more social species of cetaceans tend to be
more aerially active. As sociality is based on communication between
members of the same species, the strong inference from these
results, then, is that especially percussive aerial activity is a form of
communication.

However, there is a paradox in that while breaches, e.g., are excel-
lent at conveying information to visually based human observers above
the surface; they are far less prominent for the potential or actual
social companions of the breacher. Other whales and dolphins cannot
generally see the breacher’s body arcing above the surface, and while
the reentry makes a noticeable underwater sound, it seems to be less
loud than the natural vocalizations of the animals. The paradox may
be resolved by considering the theory of “honest signaling”: signals
are especially useful in animal communication if they convey some
important attribute of the signaler that cannot be faked. The distinc-
tive underwater sound or bubble pattern produced by a full breach,
while not especially prominent in its own right, is an honest signal of
the physical abilities of the breacher (which often seems to leave the
surface at close to its maximum speed) and its desire to communicate
this by using a significant amount of energy (about 1% of a humpback
whale’s estimated daily resting metabolic expenditure per breach).

Thus the breach may be a useful signal to nearby potential or
actual social companions. What might it be signaling? Suggestions
for large whales include aggression, “extreme annoyance” (perhaps
with a nearby vessel), an “act of defiance,” courtship, or a display of
strength by males. Some scientists have suggested that a breach may
be used to add emphasis to some other signal, perhaps a vocalization
or visual display. By showing the extent of its physical prowess, and
expending a significant amount of energy, the whale accentuates the
importance of a companion signal. For dolphins, leaps have mainly
been considered signals concerning schooling. For instance, it has
been suggested that leapers may be used to define the deployment
of a school, to recruit dolphins to a cooperative feeding event, or as
social facilitators that reaffirm social bonds.

Finally, there is a play. This is probably the most commonly attrib-
uted function of breaching, leaping, and much other aerial activity
by the general public, but it is also seriously considered by scientists
who recognize play as a valid, but hard to define, type of BEHAVIOR.
Biological definitions of play usually focus on its lack of immediate
biological function, resulting in play becoming a “garbage can” into
which activities without an obvious function, such as breaching, get
placed in a haphazard fashion. It is likely that many aerial activi-
ties described by human observers as “playful” actually function as
important signals. However, it is also likely that some, especially
those by young animals, provide no immediate benefit, instead, like
other forms of play, help to equip the aerially active animal with abil-
ities that may be beneficial in later life.

A discussion of leaping and other aerial activities would be
incomplete without mention of other than cetacean marine mam-
mals. Indeed, otariid pinnipeds also high porpoise (probably for the
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same hydrodynamic efficiency consideration as for dolphins), and
especially fur seals and sea otters (Enhydra lutris) leap at the surface
by rapidly rolling around their own axes. This activity serves to aerate
the extremely fine, long, and dense pelage of these marine mammals
that use air for insulation. Leaping in pinnipeds and sea otters at
times may also consist of play activity, but there is no further infor-
mation on this point. Especially otariids occasionally flipper slap, at
times in apparent play, at times in alarm.

V. Fluking

Fluking is the act of a whale, dolphin, or porpoise [very rarely,
a manatee (Trichechus spp.) or dugong (Dugong dugon)] raising its
tail, or flukes, above the surface of the water during the beginning
of a dive (Fig. 8). Usually, whales fluke when diving steeply in water
deeper than at least two of their own lengths, although fluking can
also occur during shallow submergences. There is great variability
in fluking behavior by species: humpback and sperm whales almost
always fluke or “fluke out” during the dive; minke and fin whales do
so rarely (Leatherwood and Reeves, 1983). Right, bowhead, and gray
whales are known to vary the amount and type of fluking depending
on whether they are feeding near the surface (no fluking), at moder-
ate depth (occasional fluking), or at depths of 60 m or more (“always”
fluking). These species also generally fluke on migration, during the
final dive after a series of “near-surface” dives between respirations.
Even smaller toothed whales, such as bottlenose dolphins (Tursiops
truncatus) and pilot whales (Globicephala spp.), at times fluke dur-
ing deep or at least steeply angled dives (Carwardine et al., 1998).

Large whales fluke as a part of bending their bodies as they angle
downward, and the fluke out becomes a natural extension of the
animal “rolling” forward and down. In smaller delphinids, however,
fluking probably has a distinct advantage during the initiation of the
dive: the tail and tailstock (or caudal peduncle) held above the sur-
face provide in-air weight to the body and help propel it downward.
The effect of this action is quite similar to human skin divers kicking
their feet and legs out of water while bending at the waist as they
initiate a dive.

Bowhead whales about to dive steeply often stretch their entire
bodies so that head and flukes are at the surface, and the belly or
mid-part of the body hangs much further below. The spine, in other
words, is curved downward. Such a “pre-dive flex” takes about 2s
and occurs just before the last blow before a dive. The pre-dive
flex is usually predictive of a fluke-out dive, and pre-drive flex and
the flukes out indicate steep, generally deep, diving for feeding or
migrating (Wiirsig and Clark, 1993).

A final form of “flukes out” consists of raising the flukes above
water and keeping them there for some time. Dolphins wave their
flukes about for at times over 1 min, “headstanding” in apparent play;
right, bowhead, and gray whales do so for at times over 10 min. It has
been suggested that southern right whales are purposefully sailing by
holding their large tails in air during a stiff breeze, but this recrea-
tional use of their tails has not been substantiated (Payne, 1995).

Flukes of whales and dolphins have thin trailing edges (similar
to the trailing edges of dorsal fins) and are therefore easily tattered
or marked by conspecific interactions, getting entangled in lines, or
touching other objects. These marks make individual recognition
of the flukes possible in those species that habitually fluke out, and
fluke-based photographic identification is being practiced for sperm,
humpback, and gray whales. In the latter two species, an additional
bonus is variable spot or mottling patterns on the flukes (Hammond
et al., 1990).
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I
Age Estimation
AvrETa A. Honn

I. Introduction
3 ge estimation is a tool for obtaining a numerical value of age

for animals for which the actual age is not known. Currently,

age is estimated primarily from counts of growth layers depos-
ited in several persistent tissues, primarily teeth, less often bone, and
in some cases from other layered structures or from chemical sig-
nals. Growth layers in the persistent structures are similar in con-
cept to growth rings in trees. Until the use of growth layers became
a feasible means of age estimation, relative measures of age, such as
tooth wear, pelage or skin color, or fusion of cranial sutures allowed
individuals to be placed in age groups; these techniques largely have

been replaced with methods that allow for estimation of absolute age
by counting growth layers. Marine mammalogists pioneered age esti-
mation from counting growth layers in teeth, initially in pinnipeds
(Laws, 1952); this discovery was followed by widespread use for ter-
restrial mammals as well. Much of the development of this field has
focused on how to ensure that age estimates are accurate and pre-
cise. That focus has been directed toward verifying the amount of
time represented by a growth layer (i.e., calibration or validation),
developing increasingly better ways to prepare samples for optimiz-
ing counts, and standardizing methods to ensure that growth layer
counts are consistent among studies.

Age is fundamental to interpreting and understanding many
aspects of the biology of marine mammals. The traditional and most
obvious use of age is for estimating parameters used in population
dynamics models. Age-specific estimates of fecundity or mortality can
be used in these models to project population growth, for example.
Estimates of age at sexual maturation are used in absolute terms in
population models, while changes in this parameter have been inter-
preted to reflect changes in population abundance or resource avail-
ability and, therefore, indicate a density-compensatory response.
Population age structure would also be a useful parameter, although
it is rarely known. It is possible, however, to determine the age struc-
ture of individuals removed from a population intentionally, such as
through directed fisheries, or incidentally, such as in bycatch. This
information then can be used to refine estimates of the impact of
fisheries on those populations.

The need for accurate and precise estimates of age does not
end with traditional population modeling. Of late, there has been
increasing concern about the effects of contaminants on the health
of marine mammals. Because many of these contaminants bioaccu-
mulate, interpretation of the measured levels of organic or inorganic
compounds must be taken as a function of the age, and reproductive
condition, of the individual. Furthermore, because indices of health
such as blood parameters change naturally with age, understanding
the effects of contaminants or other factors on the health of indi-
viduals also requires knowing their age. With the recent epizootic
events involving morbillivirus (Tautenberger et al., 1996), the ages
of individuals infected as well as those with titers indicating previous
infections become important in understanding the epidemiology of
these outbreaks.

II. Growth Layer Terminology

In the context of age estimation, the term growth layer is ambigu-
ous. That is because annual increments, as a rule, comprise more
than the minimum two growth layers, e.g., a broad layer and a fine
layer, needed to differentiate one annual increment from the next.
Other layers are usually present; these layers are often referred to
as accessory or incremental layers. In the context of age estimation
and identifying annual increments, the presence of subannual incre-
mental layers can cause errors and confusion, and have resulted in
semantic controversies with regard to the term “growth layer.”

To help remedy confusion in terminology, a more descriptive
phrase, growth layer group (GLG), was coined at a workshop held in
1977 on estimating age in toothed whales and sirenians (Perrin and
Myrick, 1980), predominantly in reference to dentine. Its use has
expanded, however, to other marine mammal species and to cement
as well as dentine. GLG is a group of layers which occur with cycli-
cal and predictable repetition. Strictly speaking, GLG is a generic
term and does not automatically imply deposition that occurred over
a l-year period. It needs to be defined for each species and each
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use. For practical purposes, however, GLG generally is defined by
authors to represent 1 year’s deposition, i.e., “annual” is implied.
Belows, the term “annual layer” is equivalent to “annual GLG.”

III. Calibration of Annual Layers

Verification that annual layers exist within the complement of
visible layers derives from validation or calibration studies. Notably,
the first confirmation of annual layers in pinniped teeth occurred
soon after teeth were examined for the possibility of age estima-
tion; Scheffer (1950) found external layers (ridges) in the canines of
fur seals, Callorhinus ursinus, that corresponded to the known age
of seals branded as pups and recovered up to 8 years later. Further
studies to validate annual layering patterns and to show that patterns
are consistent among individuals and species have involved three
approaches: (1) examining teeth or bone from animals of known
age or known history; (2) examining teeth or bone marked with tet-
racycline; and (3) comparing growth layers in teeth that have been
removed at known intervals (multiple extractions).

For cetaceans, animals of known age or with a known history
most often were captive for all or much of their lives. In the latter
situation, support for annual layers then hinges on counts of the
number of presumed annual layers corresponding to the known
age or to the known approximate age of the animal given the length
of time it spent in captivity and other data, such as its body length
when removed from the wild. Initial encouragement that growth lay-
ers in dolphin teeth were annual was from three captive bottlenose
dolphins, Tursiops truncatus (Sergeant, 1959). Teeth obtained from
free-ranging Tursiops of known age and known history were sig-
nificant for confirming and identifying annual layering patterns and
determining that annual layers in free-ranging bottlenose dolphins
were similar to those in their captive conspecifics (Hohn et al.,
1989). Within the pinnipeds, sirenians, and sea otters, numerous
studies of free-ranging tagged or individually identified animals have
compared the number of growth layers in tooth sections to known
ages (e.g., Bowen et al., 1983, and Arnbom et al., 1992). In many
of these studies, as in cetacean studies, the actual age of individu-
als is greater than the “known age” because animals were captured
or tagged some time after their birth. Thus, the number of growth
layers counted is compared to that minimum age plus an additional
number of years estimated as a function of the size of the animal at
the time it was first tagged or identified. The most recent and rigor-
ous studies counted growth layers without knowledge of the known
ages of specimens in the sample, which eliminates a bias in counting.
What is notable about all of these studies is that the authors con-
cluded that they were able to identify annual growth layers (annual
GLGs) that correspond to known ages or known approximate ages of
the individuals in their samples at least up to some minimum age.

True calibration of growth layer deposition over extended periods
of time relative to the lifespan of an animal has not been attempted.
To do so would require direct marking of layers, such as through
administration of tetracycline, preferably at the same time each year
and ideally on the animal’s birthday. Tetracycline binds permanently
to actively growing mineralized tissue and fluoresces when a bone
or tooth section is viewed under ultraviolet light, hence its ability
to serve as a marker. Two tetracycline treatments or one treatment
followed by extraction have been used to unambiguously identify
growth layer deposition over the period of time between the marks,
providing a limited calibration; annual layers were determined from
this method for several dolphin species, most extensively for spinner
dolphins, Stenella longirostris, (Myrick et al., 1984) and bottlenose

dolphins (Myrick and Cornell, 1990). Alternatively, multiple extrac-
tions of teeth from an individual allow for calibration, but with much
restricted sampling opportunities. This method has been used with
free-ranging bottlenose dolphins, where two teeth were extracted
and growth layer deposition between extractions compared (Hohn
et al., 1989). Limited opportunities exist for extensive direct cali-
bration, although captive animals could be used for such studies as
could free-ranging populations where individuals are resighted each
year and could be caught, administered tetracycline and released.

New techniques continue to be developed as technology becomes
increasingly sophisticated. Recently, mass spectrometry was used
to identify isotopic signatures of radiocarbon from atomic bomb
testing that had been incorporated into teeth of beluga whales
(Delphinapterus leucas) from Canadian waters (Stewart et al., 2006).
Results helped resolve a controversy regarding the number of growth
layers deposited annually in beluga teeth.

IV. Tissues Commonly Used to Obtain
Absolute Age Estimates

Given the importance of obtaining age estimates, various tissues
and methods have been investigated for elucidating growth layers
(Perrin and Myrick, 1980; McCann, 1993; Klevezal', 1996). The most
commonly used tissue has been teeth, as they have been for terres-
trial mammals (Klevezal and Kleinenberg, 1967). Fortunately, odon-
tocetes (Figs. 1-3), pinnipeds, sea otters (Fig. 5), and polar bears
have teeth that are suitable for use in estimating age. In contrast,
teeth cannot be used for baleen whales and manatees, therefore
other tissues or methods have been investigated. As alternatives,
incremental layers have been found in bone, baleen, and ear plugs.
Teeth have several advantages over these other tissues. The normal
process of remodeling (resorption and reconstruction) in bone results
in resorption of all but the most recent growth layers. For young ani-
mals, the number of bone layers may accurately reflect age; other-
wise, the number of layers will be less than the age of the animal.
The most useful bones are those that show negative allometry, i.e.,
growing more slowly than the skeleton as a whole (Klevezal, 1996).
Growth layers also have been identified in baleen. Unfortunately,
baleen abrades fairly quickly during normal use, and relatively few
growth layers accumulate. Ear plugs are restricted to just a few spe-
cies of whales and are challenging to collect.

In the normal course of events, teeth do not remodel, and growth
layers continue to be deposited throughout the life of the individual.
Teeth are easy to collect, store, and section and have become the pre-
ferred means of age estimation for most species with teeth. Within a
tooth, two tissues have been used for aging: dentine and cement. New
dentine is deposited on the internal surface, i.e., from the pulp cavity
side, so that layers deposited when the animal was youngest are found
on the outer edges of the tooth or at the crown (Figs. 1-3). Cement or
cementum wraps around the outer dentine and functions in anchor-
ing the tooth to its alveolus. In contrast to dentine, new cemental
layers are deposited on the external surface (Figs. 3 and 4). In most
species of cetaceans, the cemental layer is very thin and the resulting
growth layers are so fine that they can be difficult to differentiate. As a
result, dentine is primarily used for estimating age. Notable exceptions
include the franciscana, Pontoporia blainvillei, and the beaked whales,
family Ziphiidae, where dentine is useful only for the first few years
and then cement, which is extensive, must be used. In addition, for
sperm whales, family Physeteridae, and the beluga whale both cement
and dentine are well developed and can be used. Because most ceta-
ceans have homodont dentition (the teeth are all approximately the
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Figure 1 Decalcified and stained mid-longitudinal section in the
buccal-lingual plane from a free-ranging bottlenose dolphin known
to be 3 years of age. This view shows only the upper half of the sec-
tion. The neonatal line (NNL) represents the time when the animal
was born and, therefore, is age “0” for the purpose of estimating age.
Dentine external to the neonatal line was deposited before birth and is
known as prenatal dentine while the neonatal line and dentine internal
to it is postnatal dentine. A thin layer of enamel covered the prena-
tal dentine but was removed when the tooth was decalcified. The first
three complete presumed annual growth layers or GLGs are marked
in the sequence they were deposited. Teeth from young dolphins have

very little cement and none can be seen in this photograph. Photograph
from Hohn et al. (1989).

same shape), each tooth contains the same layering pattern, except for
the underdeveloped teeth found most anteriorly and posteriorly in the
tooth rows.

For pinnipeds, sea otters, and polar bears, cement is most fre-
quently used for age estimation (Garlich-Miller et al., 1993; Bodkin
et al., 1997; Figs. 4 and 5), similar to what is done for most terrestrial
mammals. For many species, dentine can give accurate age estimates
for young animals, but the pulp cavity either becomes occluded or
the dentine deposited is too irregular to resolve additional growth
layers. Notable exceptions occur in some of the phocids, such as the
ringed seal (Pusa hispida), Caspian seal (Pusa caspica), and the har-
bor seal (Phoca vitulina), where more than 15-20 dentinal layers can
be found (Stewart et al., 1996). For these species, which have het-
erodont dentition, canines are best for counting dentinal layers while
the postcanines are better for counting cement.

Although dentine and cement do not remodel like bone, teeth do
wear down. When this occurs, generally it is not a problem for age
estimation for species whose teeth show limited growth, i.e., do not
continue to grow from the root but reach a maximum length when
the animal is still relatively young. That is because an important
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Figure 2 Decalcified and stained mid-longitudinal sections of teeth
from a harbor porpoise. Porpoise teeth are spatulate. When sectioned
along the buccal-lingual plane, they appear similar to dolphin tooth
sections; when sectioned sagitally, the spatulate shape is apparent.
The results are comparable in both orientations for this group. A
narrow layer of cement occurs externally to the dentine in the part of
the tooth that was below the gum line.

marker for accurate age estimates is the neonatal line, which is depos-
ited at birth and represents time zero for the purposes of counting
growth layers (Figs. 1 and 2). As long as the neonatal line is visible,
it is possible to obtain a complete count of growth layers. Initially, the
neonatal line extends below the gum line. In species for which tooth
growth is limited, even when the tooth wears down above the gum line
the neonatal line remains visible in the remaining tooth that was below
the gum. In species with continuously growing teeth, such as the wal-
rus (Odobenus rosmarus) (including mandibular teeth), bearded seal
(Erignathus barbatus), beluga whale (Delphinapterus leucas), mem-
bers of the sperm whale family (Fig. 3), and the dugong (Dugong
dugon), wear continues as the tooth grows up from the root and even-
tually the neonatal line is worn away. When this occurs, the count of
growth layers of dentine or cement is only a minimum. In some spe-
cies, such as the beluga whale, tooth wear is not uniform and the best
estimates of age are made from the least worn tooth.

Manatees (Trichechus spp.) present an unusual case for age esti-
mation. In the related dugong, tusks (incisors) and other teeth pro-
vide a means for aging using techniques similar to those used for
teeth from other species. Manatees lack tusks. Furthermore, they
have an indeterminate number of molars that are constantly lost and
replaced throughout the life. Therefore, except in young animals,
the number of growth layers in a tooth will reflect the age of the
tooth but not the age of the individual manatee. As an alternative,
it has been demonstrated in manatees that growth layers in tym-
pano-periotic (auditory) bones are annual (Fig. 5) and that resorp-
tion occurs at a much slower rate than in other bones, meeting the
requirement of a bone with negative allometry. More than 20 annual
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Figure 3 Mandibular tooth from a sperm whale, cut mid-
longitudinally in the buccal-lingual plane, etched in acid, then
rubbed with pencil to highlight growth layers in the dentine. Sperm
whales have thick cement which from which age can be estimated. In
contrast to cement in the dolphin or porpoise tooth, here cement cov-
ers all of the dentine. In sperm whales and other species with contin-
uously growing teeth, the tooth adds layers at the bottom (root end)
and pushes upward. The cement was deposited when the dentine
was still below the gum line. Erupted teeth continuously wear, and
in older animals the earliest deposited layers are no longer present.
The circular structures are pulp stones that form at the edge of the
pulp cavity as globular masses of secondary dentine. Pulp stones are
common in some species. Photograph courtesy of the International
Whaling Commission.

layers were found in many specimens and 59 found in a single ani-
mal (Marmontel et al., 1996).

Baleen whales also present a special case for age estimation,
because they lack teeth. The rorqual whales (family Balaenopteridae)
have ear plugs that are deposited in an annual layering pattern
throughout life (Laws, 1961; Fig. 6); these are considered accurate
for obtaining age estimates. These structures are more difficult to
collect and more fragile than teeth or bone. An advantage of ear

plugs is that they are not resorbed and do not wear. Other methods
of aging have been investigated for balaenopterids as well as the
other species of baleen whales. As in manatees, layers occur in the
tympanic bullae (auditory bones) in bowhead (Balaena mysticetus),
gray (Eschrichtius robustus), and common minke (Balaenoptera
acutorostrata) whales (Christensen, 1995), often with no concomi-
tant layers in other cranial or skeletal bones (Klevezal, 1996). Use of
tympanic bullae is challenging because extensive effort is required
to determine where exactly within the bullae the least amount of
resorption and greatest resolution of growth layers will occur. When
this region is located, the maximal number of layers will be found.
Otherwise, ages will be underestimated. Chemical signals, spe-
cifically amino acid racemization, have been used for dolphins and
small and large species of whales (Bada et al., 1980), including fin
(Balaenoptera physalus) and bowhead whales (George et al., 1999).
Age is estimated as a function of the proportion of D- and L-isomers
of aspartic acid in the lens of the eye.

V. Collection and Preparation of
Tissue for Age Estimation

When the primary tissue to be examined is dentine, especially
for old animals, it is critical that a full mid-longitudinal section be
obtained. Otherwise, the very fine layers deposited in old animals
will be missed. In toothed whales and dolphins (the odontocetes),
the possibility of obtaining this mid-longitudinal section is greatly
increased if a tooth that is straight in the buccal-lingual plane (cheek
to tongue) is used. Generally the largest and straightest teeth occur
near the center of the tooth row, and generally teeth are sectioned
in the buccal-lingual plane. In some species, sections in the ante-
rior—posterior plane are comparable (Fig. 2). It has become a con-
vention for studies on small odontocetes to use teeth from the center
of the left mandible when possible (Perrin and Myrick, 1980). When
using specimens from museum collections, often the teeth will have
fallen out of the alveoli and so the straightest, largest (in that prior-
ity) teeth will be optimal. For studies using cemental layers, post-
canines or molars are the generally preferred tissue. In terrestrial
mammals, some differences in counts of cemental growth layers
among tooth sections from the same individuals have demonstrated
that the thickness of the cement influences the deposition pattern,
either because the cement is so thin that layers are not readily dis-
tinguishable or because the cement is so thick that other incremen-
tal layers are apparent and may appear as annual layers (Klevezal,
1996). Differences in cemental thickness can occur both within a
molar and between molars (Fig. 4). Ideally, a full investigation of the
best site for sectioning can be made to select the optimal tooth and
location within that tooth. When that selection has been made, mid-
longitudinally sections are more likely than cross-sections to show all
of the cemental layers, although cross-sections are commonly used
(Klevezal, 1996). As noted above, there is also variability in compact
bone thickness in tympanic bullae, resulting in variability in number
of growth layers visible; an investigation of the optimal site for sec-
tioning is required. The bone is then cross-sectioned at that site. Ear
plugs are sectioned centrally along the long axis of the plug.

Because growth layers are integral to bone and tooth structure,
growth layer counts are not sensitive to most of the common ways of
storing bones and teeth: cleaned of soft tissue and stored dry such as
in museum bone collections, or in alcohol, formalin, or glycerin. It has
been suggested that long-term storage in formalin will affect growth
layer counts if formalin degrades to formic acid (Perrin and Myrick,
1980). Some teeth will crack at the tip when stored dry, making
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Figure 4 Growth layer deposition in cement of a known-age sea otter (14 years). Images are from the same tooth section at differ-
ent locations. In one location (right image), 14 well-defined, presumably annual layers are visible. These layers are exceptionally clear.
In another location (left image), growth layers split and merge: on the right side there appear to be fewer layers, on the left side there
appear to be more layers. Presumed annuli are marked on the two images, with the marks on the left image being more subjective and
a particularly uncertain layer marked with a dashed line. Counts begin at the interface where the dentine meets the cement; that repre-
sents time zero for counting growth layers. Positive identification of annual layers is made by carefully following layers along the tooth
to watch for splitting and merging. Photographs of decalcified and stained thin sections courtesy of James Bodkin, USGS, and Gary

Matson, Matson’s Labomtory, 250X.
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Figure 5 Growth layer deposition in the tympano-periotic bone of a mana-
tee that was maintained in captivity for 9 years. Eleven to twelve growth layers
can be seen. These layers are primarily on the outer surface of the bone. Even at
this age, the bone tissue is being resorbed and beginning the remodeling process.
Photograph of decalcified and stained thin section courtesy of Miriam Marmontel

and the USGS Sirenia Project.

sectioning a bit more difficult but not affecting the growth layers.
Earplugs are stored in 5-10% buffered formalin (Lockyer, 1984).
For amino acid racemization, eye lenses must be collected fresh and
immediately frozen (George et al., 1999).

Many creative methods have been tried to obtain the best resolu-
tion of growth layers (Perrin and Myrick, 1980). Two of these meth-
ods have persisted and become the most widely used: untreated
sections (i.e., not decalcified and stained) and decalcified and stained
thin sections. The former method generally involves using a low-
speed saw with diamond blades to cut a section ranging from 50
to 200pm thick, depending on the species and tissue, and count-
ing layers directly from that section. The section may or may not

be permanently mounted on a microscope slide. This method was
initially the most prevalent one for age estimation from teeth, a lit-
tle less so for bone, and continues to be widely used because it is
fast, easy, and requires little specialized equipment. The increas-
ingly used alternative, decalcified and stained thin sections, requires
additional preparation. For this method, whole teeth or thick sec-
tions from teeth or bone are decalcified in acid, sectioned on a
microtome at from 6 to 25pm, depending on the species, tissue, and
microtome used, then stained in hematoxylin and sometimes coun-
terstained with eosin, two routinely used histological stains. Sections
are mounted on a microscope slide. It has become increasingly
evident that using the easier method produces inaccurate results
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Figure 6 Ear plug from a fin whale, cut mid-longitudinally to expose the growth layers. The arrow
denotes a significant and abrupt change in growth layer characteristics that coincides with the transition
of the animal from sexually immature to sexually mature. It is called the transition phase. Photograph from
Lockyer (1984) and provided courtesy of C. Lockyer and the International Whaling Commission.

for both bone and tooth sections (Stewart et al., 1996; Hohn and
Fernandez, 1999). Stained thin sections allow for much better reso-
lution of growth layers in dentine, cement, and bone to the extent
that many layers not apparent in untreated sections are visible and
countable in stained sections. This difference is especially apparent
in older animals where growth layers become increasingly thinner;
staining is required to separate adjacent fine layers. As a result, many
estimates of age using untreated sections are underestimates.

VI. Consistency and Repeatability of
Age Estimates

Because annual layers are not the only growth layers present,
interpretation of layers is often subjective. Misinterpretation of
annual layers or differences in interpretation between investiga-
tors or studies leads to errors. For example, is one population but
not another actually responding differently to exploitation, or is an
apparent difference simply caused by differences in age estimation?
Is a population failing to recover because a growth model is incorrect
or because the parameters used in that model were incorrect due to
misinterpretation of annual layers?

Accuracy and precision are, in large part, influenced by the spe-
cies being examined. For some species, growth layers are well
defined and easily identified, while for other species growth layers are
inherently indistinct. Annual layers in polar bear (Ursus maritimus)

cement are notably difficult to interpret, at least during the first few
years of life. Different areas in the cement have more or less distinct
annual layers and accessory layers. Furthermore, different popula-
tions within a species may have different growth layer characteristics.
For example, harbor porpoise (Phocoena phocoena) from the Bay
of Fundy have very distinctive growth layers while those from
California do not. Within studies it is common to conduct multiple
readings of sections by one or more researchers to test the differ-
ences between readers or between readings for an individual reader.
Measures of precision can be incorporated in models or can be used
to evaluate the reliability of ages estimated for a sample.

Consistency and repeatability of age estimates can be increased
if the tooth or bone sections are well prepared. Preparing these sec-
tions is a multistep process, and at each step the potential for error
exists. If the end product is not well done, then the age estimate
may be inaccurate or imprecise. For counts using dentine, a large
source of error is using a section that is not mid-longitudinal. For all
sections, the incorrect stain or degree of staining (light or dark) and
under- or over-decalcification also affect the final product in ways
that prevent optimal resolution of all growth layers.

Even when sections are perfect, the subjective nature of count-
ing growth layers still results in varying age estimates. Descriptive
models of the appearance, size, and complexity of annual layers have
been developed to increase consistency, particularly between inves-
tigators. These models include photographs with the growth layers
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interpreted to be annual clearly marked (Hohn, 1990). Such photo-
graphs are equally valuable in individual studies to allow other inves-
tigators to determine whether the age estimates were obtained using
comparable annual layering patterns. To date, such descriptive mod-
els have been prepared for bottlenose dolphins (Hohn et al., 1989)
and the franciscana (Pinedo and Hohn, 2000). Development of
models for other species would increase the accuracy and precision
of age estimates. Such models are particularly important and valu-
able when known-age specimens are available.

VII. Growth-Layer Tissues as
Recording Structures

The annual layering pattern likely is endogenously controlled,
while individual subannual growth layers represent events that have
a systemic effect on the animal and therefore influence the deposi-
tion of the matrix or mineral in teeth, bone, teeth, earplugs, or other
tissue. In essence, the annual increments themselves, as well as any
layers formed within the annual increments, are recording structures
that reflect the physiology of an individual at the time of deposition
(Klevezal’, 1996). For example, a decrease in thickness of growth
layers has been shown to coincide with a general decrease in body
growth with age, as well as with maturation, in cetaceans and seals.
Following maturation, changes have been shown to occur in the
characteristics of growth layers, or in various types of irregularities
or anomalies in dentine, reflecting changes in hormone levels associ-
ated with maturation, pregnancy, or lactation in females. The appear-
ance of distinctive lines within growth layers (marker lines) has been
suggested to indicate parturition in cetaceans and feeding bouts
in pinnipeds. Marker lines, as well as anomalies and other tooth
characteristics, have demonstrated value in distinguishing animals
from various geographic areas, suggesting a means of stock identi-
fication (Lockyer, 1999). A decrease in mineral density in growth
layers in teeth from Peruvian dusky dolphins (Lagenorhynchus
obscurus) was found to correspond to an El Nifio year (Manzanilla,
1989). Interpreting these structures can serve as another tool
for reconstructing life history events for individuals, including
changes in growth rates, reproductive events, including number of
births, effects of changes in the environment, and distinguishing
stocks.
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C1LAUDIO CAMPAGNA

aggressive, or agonistic behaviors represent a conglomerate of

social responses, including male disputes over territorial bound-
aries, female fights to protect an offspring, female harassment and
forced copulations, and infant abuse and killing. Agonistic encounters

r:I:Whe heterogeneous phenomena considered as intraspecific,

(a) mediate competition for limited resources economically defend-
able and valuable to the fitness of an individual (Bartholomew,
1970). Finite resources that can be monopolized would lead to
social conflict between individuals of different sexes and genera-
tions and of the same sex and similar age class and status. Most
often, agonistic confrontation (at least the most conspicuous
interactions) involves sexually mature males.

(b) are more common in some social contexts, such as breeding on land
in a polygynous mating system, in which competition for resources
is typically solved via aggressive disputes. Size and strength (but also
agility) correlate positively with winning a contest through exerting
dominance over individuals subdued by the costs of rebellion.

(c) have a broad range of costs for actors and recipients, from simple
rejection after a ritualized threat display to injury or even death
after an overt physical encounter.

The form and frequency of agonistic behavior partially reflect
the sophistication of social systems. Aquatic mammals vary widely
in the complexity of their societies, thus in the manifestation of ago-
nistic behaviors. The most openly competitive societies characterize
the otariids, the walrus, Odobenus rosmarus, and phocids that live
in crowded conditions (e.g., elephant seals, Mirounga spp., and gray
seals, Halichoerus grypus), a fertile ground for aggressive social inter-
actions (Riedman, 1990). Conversely, polar bears, Ursus maritimus,
all the mysticetes and river dolphins and some other phocids (e.g.,
Ross, Ommatophoca rossii, and leopard, Hydrurga leptonyx, seals) are
mostly solitary, except for the mother—calf bond and short periods dur-
ing reproduction in which breeding males engage in scramble com-
petition over receptive females (Berta and Sumich, 1999). The most
complex social systems in the aquatic mammals would characterize
some of the odontocete cetaceans such as killer whales, Orcinus orca;
pilot whales, Globicephala melas; bottlenose dolphins, Tursiops spp.;
or sperm whales, Physeter macrocephalus (Connor et al., 1998). These
species live in stable social units and show coordinated, cooperative
behaviors. The long-term, shared history among individuals of the
group would have ritualized many of the overt aggressive responses

typical of the polygynous pinnipeds.

I. Male-Male Competition for Mates

Competition over limited resources to maximize reproductive
success would be the most common origin of agonistic encounters.
In all the aquatic mammals, males compete for access to reproduc-
tive females, either by direct monopolization or, indirectly, through
achieving the best place for reproduction or the highest status in a
dominance rank. The social and ecological contexts associated with
the alternative forms of defense systems would set the stage for the
evolution of sexually selected traits, such as dimorphism in size and
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in special morphological structures (e.g., tusks, manes, elongated
snouts).

The behavioral manifestation of conflict directed toward the
intimidation of rivals is often referred to as agonistic displays or ago-
nistic social signaling. Behavioral displays include vocal signals, facial
expressions, and stereotyped postures and movements, such as static
open-mouth threats, open-mouth sparring, foreflipper raise or wav-
ing, oblique staring, etc. Overt fighting is commonly a last-resort
solution to conflict.

A. Pinnipeds

The form of male agonistic encounters and its outcome have been
described in detail for several pinnipeds. Within the highly polygy-
nous otariids and phocids, there are examples of resource-defense
(territorial) and female-defense polygynous systems (Riedman, 1990,
and references cited therein). Both types of polygyny may occur in
the same species, such as in the South American sea lion, Otaria fla-
vescens, as a function of different ecological conditions (Campagna
and Le Boeuf, 1988).

The establishment and defense of a territory involves vocal dis-
plays, stereotyped postures and movements, and fights. During ter-
ritorial displays, contenders may rush toward each other with the
mouth open or vocalizing, weave heads from side to side, puff out
the chest or perform the “oblique stare” posture at one another, but
physical contact is carefully avoided. Much of the fighting between
otariid males takes place early in the breeding season, when territo-
rial boundaries are being established. When physical contact occurs,
it typically lasts a few seconds but may be violent, particularly in the
largest sea lions. Fights involve chest-to-chest pushing, vigorous bit-
ing of the neck and face, lunging, and slashing at the opponent’s flip-
pers, chest, and hindquarters.

In female-defense polygyny, females cannot be sequestered or
attracted to a particular place. Males then compete to achieve a posi-
tion among the females in the breeding colony, and move with the
shifting population of females (see Boness and James, 1979, for gray
seals and Campagna and Le Boeuf, 1988, for South American sea
lions). Association with a particular group of females is not fixed and
may change even during the same day due to female redistribution
related to the physical environment (high temperatures, variable
space due to tidal movements) or to social behaviors (e.g., group
raids of ousted males into the colony; Campagna et al., 1988a).

In phocids such as the elephant seals, males aggressively estab-
lish a dominance hierarchy, rather than a resource or female defense
system. Only the highest ranking individuals have undisturbed repro-
ductive access to females (Le Boeuf and Laws, 1994). During the
establishment of hierarchies, males attempt to intimidate each other
with vocal displays. If none of the contestants retreat, then a chest-
to-chest fight takes place. Fights in elephant seals are violent confron-
tations and may last half an hour. Each bull throws his weight against
the other and slashes at his opponent’s face, neck, and back with long
canines. Most fights end with multiple lacerations and bloody wounds
or even a broken canine tooth; death of one contender does occur on
rare occasions.

Vocal threats are a common component of agonistic encounters.
Pinnipeds vocalize both in air and underwater (Riedman, 1990).
Harp, Pagophilus groenlandicus; ringed, Pusa hispida; Weddell,
Leptonychotes weddellii; and bearded, Erignathus barbatus; seals
and the walrus have a rich underwater vocal repertoire. Males main-
tain underwater territories and vocalizations seem to be a part of ter-
ritorial displays. Vocal displays are often complex enough to be called
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songs, meaning that they occur in predictably similar patterns again
and again, as in bird (and human) song. Otariid males, particularly
among the fur seals, have a rich variety of airborne threat vocaliza-
tions associated with boundary display postures. The California sea
lion, Zalophus californianus californianus, vocalizes both in air and
underwater (several phocids also produce airborne and underwater
sounds). The strong airborne calls or barks of California sea lions
occur during the breeding and nonbreeding seasons and may serve
to advertise dominance. In elephant seals, airborne threat displays
consist of loud and directional pulsed sounds that always precede

fights.

B. Cetaceans

There is comparatively little description of agonistic encounters
in the rest of the aquatic mammals. Agonistic behaviors to establish
dominance relationships were described among dolphins in captivity.
Observations of free-ranging cetaceans described a range of behav-
iors interpreted as agonistic, such as lobtailing, tail, and flipper slaps
to the body of other individuals, open-mouth postures, jaw claps,
forceful exhalations, chases, body charges and leaps and body slaps,
and vocal threat displays (see Wells et al., 1999). Escalated agonistic
displays involve striking with flukes, biting, and jousting with tusks.

The scar pattern of some odontocetes has been interpreted as
the consequence of tooth marks and violent interactions. Several
odontocetes have a conspicuous scar pattern. In Rissos dolphins,
Grampus griseus, narwhals, Monodon monoceros, and in several of
the beaked whales, most of the body is covered with scars. At least
for the narwhal, scars were associated with intraspecific agonis-
tic encounters (discussed later). Scrape marks are also common in
baleen whales. It has been suggested for the southern right whales,
Eubalaena australis, that males may use the thorny callosities during
scramble competition over females.

Males of the humpback whale, Megaptera novaeangliae, escort
receptive females and vigorously rebuff other males by threatening
displays such as thrashing of the flukes. Males also at times violently
interact with each other in apparently direct “fights,” in so-called
social active groups at the surface. The underwater songs of hump-
back whales on Hawaiian breeding grounds are performed by males,
and may serve as communication signals in the context of male
competition.

A particularly striking example of male—male competition involves
Australian bottlenose dolphins (Connor et al., 1998). Males of this
population form stable alliances of 2-3 individuals that cooperate to
obtain and control reproductive females. Two alliances occasionally
combine efforts to sequester or defend females from another alli-
ance. Alliances in dolphins and group raids in sea lions (discussed
later) represent special cases in which competition involves the par-
ticipation of several individuals simultaneously. Posturing and acous-
tic threats are common but serious injuries are rare during these
male agonistic interactions. One episode of a bottlenose dolphin
being rendered unconscious by repeated physical blows to his head
was observed during an interaction of a male alliance with a “solo”
male, suggesting that some aggressive interactions may be severe
(Parsons et al., 2003).

C. Other Aquatic Mammals

Sea otters, Enhydra lutris, polar bears, and sirenians are solitary
or live in low-density societies with few direct and prolonged inter-
actions among individuals (Berta and Sumich, 1999). Male sea otters
are polygynous, establish breeding territories, and mate in the water.
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Females live in low-density areas chosen in relation to the distribu-
tion and abundance of food.

During the mating season, polar bear males rove to locate recep-
tive females that are dispersed and solitary. Males access one female
at a time. Competition involving physical interactions has been rarely
observed but can be inferred from broken teeth and scarring on the
head and neck.

Manatees, Trichechus spp., form mating groups in which sev-
eral males compete for access to a receptive female by pushing and
shoving each other. Physical competition for females also occurs in
dugongs, Dugong dugon, with some males presenting scars probably
made by the tusks of other males.

I1. Tusks as Special Structures for Aggression?

Two species of marine mammals have extraordinarily developed
tusks: the walrus and the narwhal. The two upper canines in both
male and female walrus are extraordinarily elongated (Riedman,
1990). The massive tusks of a male can weigh up to 10 pounds and
be almost 1m long. Both sexes use tusks in squabbles, to threaten
one another and, perhaps, to establish dominance. Males may force
their way to selected places in crowded colonies by pushing and jab-
bing other walruses with their tusks.

The tusks of narwhals are even more exceptional morphological
traits. As a general rule, the left canine in males extends anteriorly into
a spiraled tusk to a length that may exceed 2.5m. Some males have
two tusks and a few females also develop one or even two shorter and
less robust tusks. It has been suggested that narwhal tusks may be used
to disturb or pierce prey, to open-breathing holes in the ice, as defense
weapons against predators or as organs of sexual display. Although
tusks may be used in more than one context, there is evidence that
they largely serve in aggressive encounters (Silverman and Dunbar,
1980; Gerson and Hickie, 1985). Evidence includes direct observa-
tions of males crossing tusks and striking them against one another,
scar patterns (with adult males having more and larger scars on the
head after attaining sexual maturity), a significantly higher incidence
of broken tusks in mature males compared to immature individuals or
to females, and embedded splinters and tusk tips found in the heads
of males. Tusks are also used to spear individuals of other species or,
apparently, at rare times even female narwhals.

ITI. Sexual Selection and Special
Morphological Traits

Pronounced sexual dimorphism in the direction of males being
heavier and larger than females is common in all the otariids, the
walrus, and some phocids (e.g., elephant and gray seals). This
kind of dimorphism often indicates direct physical confrontation
among reproductive males involving pushing or strength contests.
Dimorphism is not apparent; is slight, or even reversed in most other
phocids. Lack or even reverse dimorphism is often accompanied by
defense of aquatic territories, aquatic mating, and serial monogamy.
Females in these species are often dispersed and breeding occurs
over a protracted period. The social and ecological conditions of the
latter do not favor frequent direct physical confrontations, but com-
petition does occur and may select in this case for more agile rather
than larger individuals.

Among other aquatic mammals, males are much larger than
females in some odontocetes, such as killer and sperm whales,
whereas dimorphism is reversed in all the mysticetes, possibly due to
the female needing as large a body as possible to gestate and nurse
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her very large calf. Mysticetes may have promiscuous mating sys-
tems in which competition for insemination may take place at the
level of males displacing each other from the vicinity of a female
and of sperm cells displacing or diluting sperm of other males. Gray,
Eschrichtius robustus, right and bowhead, Balaena mysticetus,
whales have larger testes than expected based on their body weight,
suggesting selection for sperm competition.

Besides dimorphism in body size, males of some species evolved
special secondary sexual features that may function in the context of
competition for mates. Examples are the enlarged snouts of male ele-
phant seals and gray seals, and the inflatable nasal cavity of hooded
seals, Cystophora cristata. Hooded seal males can blow a red, balloon-
like sac from one nostril that is similar in shape to the long proboscis
of elephant seals. These organs may have visual or acoustic effects, and
may allow other males and females to judge the quality of a contender
or a sexual partner. The developed neck and mane of sea lions with
long and thick guard hairs may also have visual effects and serve as a
shield that protects internal organs from bites.

IV. Avoiding Fights

Competition for resources by direct aggression may be a costly
experience in species capable of inflicting serious injuries that could
lower future fitness of the contestants. Thus, contenders with low
chances of success should avoid physical confrontations. Theory
predicts that assessment of fighting ability of competitors and of
resource value before an escalation of violence, may allow differ-
ential adaptive responses on the basis of the perceived asymmetries
(Maynard Smith and Parker, 1974). Once a territory or a social hier-
archy is established, disputes are asymmetric contests in which terri-
tory owners or high-ranking males almost always win. Threat displays
may then serve as indicators of quality and motivational state of a
contender. Other mechanisms, such as a concept of “dear enemy
recognition” in territorial species, have been proposed to prevent
escalated contests between neighbors. Individual variation in vocal
displays may help territorial males to recognize one another.

In female-defense systems, the proportion of sexually receptive
females accessible to a male is variable in space and time. Thus, the
level of the asymmetry varies sometimes during the same day within
the breeding season. This social context would favor behaviors that
are unusual in strict territorial or hierarchical systems, such as group
raids in South American sea lions.

V. Group Raids and Other Forms of Male
Harassment of Reproductive Females

Violent behavior toward females that leads to injury and death
is common in sea lions and some phocids (e.g., South American sea
lions: Campagna et al., 1988a; northern, Mirounga angustirostris,
and southern, M. leonina, elephant seals: Le Boeuf and Mesnick,
1990, Galimberti et al., 2000; New Zealand sea lions, Phocarctos
hookeri: Chilvers et al., 2005; gray seals, Boness et al., 1995; monk
seals, Monachus spp., Hiruki et al., 1993).

In the South American sea lion, losers in male—male competi-
tion raid the breeding colonies in groups of dozens of individuals
(Campagna et al., 1988a). Raiders abduct females from the harems of
established males and attempt to mate with them. A male may seize a
female in his jaws and hurl her in the air to a spot where he may hold
his ground against other males while aggressively keeping her in place.
In the process, females are often wounded and can be killed. Group
raids may represent a primitive stage of a male alliance or coalition.
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Harassed females are injured and sometimes killed by males dur-
ing mating attempts. Le Boeuf and Mesnick (1990) suggested some
social conditions that increase mortality risks to a female during mat-
ing: (a) marked male sexual dimorphism, (b) males outnumbering
females, (c) use of force or potentially dangerous weapons in mating,
and (d) monopolization of mating by a few individuals through direct
or indirect control of resources (space, females, food, etc.), with for-
cible exclusion of the majority of the competitors. All the above traits
are common in the majority of polygynous mating systems.

The chief cause of female deaths during the breeding season of
elephant seals, the most sexually dimorphic of all the pinnipeds, occurs
by traumatic injuries inflicted by males during mating attempts as the
females depart the harems for the sea at the end of lactation. Male
South American sea lions and elephant seals are 3-5 times heavier
than females, have large canines and often bite the neck of the female
when copulating. Breeding colonies in the early and late season have
a high number of males that intercept departing females and attempt
to mate with them. Since the early work by Le Boeuf and Mesnick

(1990), increased evidence supports the suggestion that male aggres-
sion toward females may be a selective force in shaping female behav-
ior, female choice, maternal performance, and reproductive synchrony
(Boness et al., 1995; Galimberti et al., 2000; Chilvers et al., 2005).

VI. Female Agonistic Behavior

In the polygynous pinnipeds, females are aggressive toward one
another and rarely tolerate neighbors close by, which contributes to
the regulated density of a site (e.g., Ferndndez-Juricic and Cassini,
2007). A common context of female agonistic encounters is that of
the protection of a pup in a crowded breeding colony. Alien pups are
often bitten by females. Aggressive mothers react rapidly and inten-
sively to a threat of their pup originated in a neighbor, and enhance
chances of pup survival by decreasing risks of mother—pup separa-
tion and pup injury (Christenson and Le Boeuf, 1978).

Females sometimes threaten transient males when the latter
approach, or they protest vocally when males mount them. As a result,
a harassing male is more likely to be challenged by another male.
These challenges generally interrupt a male’s approach or mount, and
hence a potential copulation. By resisting male copulatory attempts,
females can increase the likelihood of mating with a dominant indi-
vidual, which may be viewed as an indirect form of mate choice.

VII. Abuse and Killing of the Young

Infanticide is the killing by conspecifics of the young, still
dependent on their mothers. Infant or young refers here to a lactat-
ing or recently weaned pup, calf, or cub. Infant abuse implies injury
of a young either via active violent behaviors or passive neglect.
Infant killing and abuse by conspecifics represent a widespread phe-
nomenon in nature. Parental and nonparental infanticide have been
reported in almost 100 species of mammals, most of which are ter-
restrial (Hausfater and Hrdy, 1984; Parmigiani and vom Saal, 1994).
Infant killing is the direct outcome of a violent interaction or can
result from the indirect neglect of a young or an accident.

This review will focus on violent, nonparental forms of infanti-
cide in aquatic mammals. Parental killing in this group is apparently
restricted to the indirect effects of maternal neglect (see Le Boeuf and
Campagna, 1994), and will not be treated. Infant abuse is a much more
common behavioral occurrence than infanticide. It may imply active
violence or passive neglect, and it does not necessarily involve the
intended death of the victim. Death in the context of abuse is usually
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perceived as accidental, a by-product that often follows a process of
infection and starvation (Le Boeuf and Campagna, 1994).

Except for otariids and phocids, data on killing and abusing the
young are sparse in aquatic mammals. Infanticide is an event that
may pass unobserved or unreported. Spotty research coverage, with
some species being well known and others virtually unstudied, sug-
gests that the relevance and diversification of abuse and killing of the
young may be more widespread than reported here. Explanations of
the well-documented cases of abuse and infanticide in aquatic mam-
mals rarely support the adaptive hypotheses that would account for
similar episodes in terrestrial species.

A. Abuse and Killing of the Young by Males

Violent behavior toward young has been described in four of five
sea lion species (California and Galapagos, Zalophus californianus
wollebaeki, sea lions being the exception). Subadult and juvenile
males of the South American sea lion abduct (seize), abuse, and
kill pups during the breeding season (Campagna et al., 1988b). The
behavior was observed in coastal Patagonia (Campagna et al., 1988b),
Uruguay (Vaz-Ferreira, 1965), Chile (H. Paves Hernandez and C.
Espinoza, pers. comm.), Peru (Harcourt, 1993; Soto et al., 2004),
and the Falkland-Malvinas Islands (C. Duck and D. Thompson, pers.
comm.). At Punta Norte, Peninsula Valdés, Argentina, 163 success-
ful abductions were recorded in four breeding seasons. More than
20% of the 400 pups born each season were abducted by males. In a
typical abduction, a juvenile or subadult male approached the breed-
ing area alone or as part of a group raid (Campagna et al., 1988b),
dashed toward a pup and grabbed it. The pups were then abducted
away from the breeding group, some were carried out to sea (11% of
the abductions), whereas others were released and held close to the
abductor. Pups that attempted to escape were shaken violently from
side to side, tossed in the air, held crushed against pebble substrate, or
submerged. Males defended their abducted pups from other males.
Some abductors mounted pups, fully covering them with their massive
bodies. About 6% of the pups abducted and 1.3% of the pups born
during a season died as a consequence of physical abuse. Dead pups
show tooth puncture wounds and extensive hematomas.

Australian, Neophoca cinerea, and Hooker’s (i.e., New Zealand),
Phocarctos hookeri, sea lions abduct and abuse pups in a similar
fashion described for South American sea lions, with the important
difference that adult Hooker’s sea lions cannibalize the killed pups.
Adult male Australian sea lions grab pups that may be alone or with
the mother, and bite, shake, and toss them several times (Higgins
and Tedman, 1990). Eight attacks recorded in two breeding seasons
resulted in four dead pups (5% of the pups observed) and accounted
for 19% of pup mortality in the rookery (Higgins and Tedman, 1990).
Adult and subadult male Hooker’s sea lions grab pups by the neck,
violently thrash them from side to side, and sometimes drown them at
sea (Wilkinson et al., 2000). Adult abductors were also observed eating
pups. Opportunistic observations on Hooker’s sea lions report males
abducting pups on two occasions and eating them on nine occasions
(Wilkinson et al., 2000). After thrashing the victim repeatedly from
side to side, males bit the flesh off the carcass and consumed it. This
is the only otariid species for which cannibalism has been described.
Immature males apparently do not kill pups, although they may try to
keep them under control and occasionally mount them.

Steller sea lions, Eumetopias jubatus, may trample, crash into, or
push pups over a cliff as an indirect consequence of territorial dis-
putes. In some instances, however, pups are killed as a direct violent
action by males.

Episodes of violent behavior toward pups are rare among fur
seals, except for the northern fur seals, Callorhinus ursinus, (Kiyota
and Okamura, 2005). Juvenile, subadult, and adult males of the
species may enter the breeding area and sniff, bite, grab, or mount
pups. Males also abduct pups of both sexes to other places on land or
to sea. Pups are killed by drowning, skull damage, or separation from
the mother, the latter leading to emaciation. The behavior closely
resembles that of the infanticidal sea lion species.

Among the other pinnipeds, infant abuse and killing have been
described in at least four phocids and the walrus. Male northern and
southern elephant seals of different age classes kill suckling pups and
weanlings (Le Boeuf and Campagna, 1994). Pups are accidentally
trampled by bulls in the context of male-male competition and may
then die of internal injuries. Weaned pups are abused by pubertal
males that attempt to mate with them and, in the process, injure and
kill individuals of both sexes (Rose et al., 1991). At the time of first
departure to the sea, 30-50% of northern elephant seal weaned pups
show signs of having been mounted by a male that range from neck
bites, scrapes, cuts, and puncture wounds to deep gashes exposing
blubber and profuse bleeding. An adult southern elephant seal male
from the Patagonian colony of Peninsula Valdés killed and appar-
ently ate pups. He grabbed weaned pups from the beach, dragged
them to sea, kept them underwater until struggling ceased, and then
tore off chunks and consumed them. The cannibal returned to the
same place at least during two consecutive breeding seasons and
killed dozens of weanlings. Male gray seals occasionally shake, toss,
bite, mount, and kill pups. There is also evidence of cannibalism in
this species (Bédard et al., 1993; Kovacs, 1996). An adult male was
involved in killing and eating of pups during three breeding seasons.
In a similar modality to the southern elephant seal cannibal, the gray
seal male grabbed his victims by the hind flippers, dragged them into
the water and drowned them. He later tore off chunks of the pup’s
body with a biting-shaking action and consumed the blubber, skin,
and muscle. Hawaiian monk seal, Monachus schauinslandi, males
mount pups, and then suffocate or drown them (Hiruki et al., 1993;
M. Craig, pers. comm.). Some seals persist in this behavior and may
kill many pups. Finally, adult male, female, and immature walruses
can jab a pup with their tusks and cause lethal injuries.

In summary, adult, subadult, and juvenile males of several pin-
niped species injure, abuse or kill suckling and recently weaned pups
in the following contexts: (a) accidentally, often as an indirect out-
come of trampling and crushing during dominance, female-defense,
and territorial disputes; (b) as a direct or indirect consequence of a
misdirected sexual assault, such as during abductions and abuse by
pubertal males; (c) as a direct or indirect consequence of misdirected
aggressive behavior with no clear sexual component, such as attack
of pups by territorial males not associated to mounting, herding, or
harassing; and (d) as an apparent source of food (cannibalism). The
age class involved in the abuse and killing varies with the species.
In the Australian and Hooker’s sea lions, adults are most aggressive
toward pups, but subadult and juvenile males also sequester pups
and engage in biting, mounting, and holding them underwater. In
the South American sea lions, subadult and juvenile males do most
of the abductions; adults are rarely involved in pup abuse. Among
phocids, young males seem to be more often involved in abuse than
adults; adults may cause pup death or injury as an epiphenomenon
of male-male competition.

Reports of violence toward young in the rest of the aquatic mam-
mals are rare. Male polar bears occasionally kill and eat cubs, a
behavior that is apparently generalized throughout the Arctic (Taylor
et al., 1985). There is indirect evidence suggesting infanticide in the
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common bottlenose dolphin, Tursiops truncatus (Patterson et al.,
1998). Stranded dolphin calves were found with internal injuries that
included contusions around the head and thorax, bone fractures and
lacerated organs compatible with violent behavior. The interactions
that may have caused the death of the calves were not observed.
However, an adult dolphin was observed to interact violently with a
dead conspecific calf, and dolphins were also seen to chase and hit
harbor porpoises, Phocoena phocoena, hard enough to toss them
into the air. Stranded harbor porpoises had evidence of trauma simi-
lar to that reported for the stranded dolphin calves. Additional indi-
rect evidence of conspecific killing in common bottlenose dolphins
is available for the population of the southeast Virginia coast (Dunn
et al., 2002). Nine bottlenose dolphins within their first year of life,
and thus still dependent upon their mothers, were stranded with
multiple skeletal fractures, hematomas, organ lacerations, contu-
sions, and hemorrhages, indicating multidirectional trauma. External
signs of trauma were absent, an observation incompatible with pre-
dation, boat strike, and fisheries interactions. Lesions were, however,
similar to traumatic injuries reported for stranded harbor porpoises
and bottlenose dolphins elsewhere and attributed to violent dolphin
interactions (Patterson et al., 1998).

B. Abuse and Killing of the Young
by Females

Adult pinniped females repel alien young in the context of
aggressive protection of resources intended for their own pup. In the
northern elephant seal, females aggressively reject alien pups that
approach them (Le Boeuf and Campagna, 1994). They shake, throw,
and viciously bite unrelated pups. Attacks may be violent enough to
cause extensive wounds or fractures, with subsequent infection and
death. Orphan pups that attempt to be nursed from any female are
thus particularly vulnerable to attack and injury.

An unusual behavior involving females and resulting in the
death of unrelated pups was described for the South American sea
lion rookery at Islas Ballestas (Peru; Soto et al., 2004). During the
1997-1998 EI Nifio (warm water and little food availability) breeding
season, virtually all pups starved to death. The following year, only
about one-quarter of the females gave birth. These mothers had to
defend their newborn pups from the sustained attempts of neighbor-
ing females to abduct the latter. It often occurs that otariid females
close to parturition attempt to bring alien pups near them. However,
the particular breeding context of the post-El Nifio year resulted
in an unusually high incidence of a behavior that may be related
to confusing alien pups with their own pup. Females did not nurse
the abducted pups, which were later abandoned. Those that failed
to reunite with their mother died from starvation or were killed by
young males. In the same El Nifio context, a behavior was reported
for females who in groups of 4-6 animals abducted and killed pups
from other females. The pattern is reminiscent of young male group
raids but was considered aberrant and related to low pregnancy rates
after the El Nifio (Soto et al., 2004).

C. Male Violent Behavior toward Mature
Females and Interspecific Pups
From a behavioral standpoint, abuse and killing of conspecific
young by male pinnipeds resemble male violent behaviors directed
toward mature females of the same species and toward females and
pups of other species. Attributes that allow males to physically over-
power competitors would also promote aggressive sexual behaviors
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related to achieving access and maintaining control of breeding
females. For example, adult and subadult South American sea lion
males abduct females from established harems (Campagna et al.,
1988a). Abductions involve grabbing, tossing, herding, mounting,
and biting. Some females are badly injured and killed in the process.
Male harassment of conspecific females may be relatively common
in phocids; it was reported at least for both species of elephant seals,
the Hawaiian monk seals and the gray seal (Mesnick and Le Boeuf,
1991; Hiruki et al., 1993; Boness et al., 1995).

Strong and large pinniped males with an indiscriminate sexual
urge often injure and kill females of other species. Males killing
interspecific females during mating attempts were reported in all
the sea lions (Miller et al., 1996). South American sea lion males
injure and kill South American fur seal, Arctocephalus australis,
females, and Northern (i.e., Steller) sea lions kill California sea lion
females, and even males. Mating attempts with dead females of the
same and of a different species occurs in some otariids and phocids,
such as the South American sea lion and elephant seals. Abnormal
escalation of aggressive sexual behaviors may lead to instances such
as one Steller sea lion male killing at least 84 California sea lion
females and 12 males over three seasons (Miller et al., 1996), and
one southern elephant seal male killing more than 100 Cape fur seal,
Arctocephalus pusillus pusillus, breeding females over successive
breeding seasons (Best et al., 1981).

Sea lion predation of pups of other otariid species typically involves
grabbing a pup by the neck, shaking it from side to side, tossing and
recovering it, dragging it to sea, submerging and drowning it, biting off
flesh, and consuming it. This was described for at least three species.
Steller sea lions prey upon northern fur seal neonates (pups under
5 months of age; Gentry and Johnson, 1981). Adult South American
sea lions prey on South American fur seal pups (Harcourt, 1993).
Hooker’s sea lions, a species for which cannibalistic behaviors have
been described (Wilkinson et al., 2000), prey on New Zealand fur
seals, Arctocephalus forsteri, and on Antarctic, A. gazella, and suban-
tarctic, A. tropicalis, fur seals.

South American sea lions may also injure, abduct, or kill South
American fur seal pups without consuming them. Interspecific pup
abduction was observed in Peru (Harcourt, 1993), Chile (I. Pavés,
pers. comm.), and Uruguay (Vaz Ferreira and Bianco, 1987; Cassini,
1998), where sea lions and fur seals live sympatrically. Males grab
a fur seal pup, take it to neighboring beach, and toss and shake the
pup, often to death. Young males also defend pups from other sea
lions, a behavior that closely resembles the pup abductions within
their own species. Fur seal pups may be killed as an indirect conse-
quence of violent treatment, but are not consumed by their abduc-
tors. Mothers that attempt to protect their abducted pups typically
fail to overpower young males.

In summary, pup killing in some species (e.g., Steller sea lions)
is more common in the context of interspecific predation, whereas
in others (e.g., South American and Australian sea lions) it occurs
more often in a sexual or aggressive social context. In general terms,
pup abuse follows a similar pattern to female abuse, with the most
aggressive species toward pups being also violent toward conspecific
and interspecific females.

D. The Adaptive Meaning of Infant
Abuse and Killing
Several hypotheses have been proposed to account for infanti-
cide in mammals (Hausfater and Hrdy, 1984; Ebensperger, 1998):
(1) exploitation or predation, young are killed for nutritional benefits;
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(2) resource competition, adult kill unrelated young to increase
access to food or breeding space for themselves or their offspring; (3)
sexual selection, males kill unrelated offspring to achieve reproduc-
tive access to females; (4) parental manipulation, a parent reduces
litter size by eliminating all or part of a litter; and (5) social pathol-
ogy, a maladaptive behavior. Adaptive explanations for the killing of
young in aquatic mammals have been suggested for bottlenose dol-
phins (sexual selection, Connor et al., 1996) and Hooker’s sea lions
(cannibalism; Wilkinson et al., 2000).

Cannibalism is exceptional among aquatic mammals, and social
pathology would be involved in cases such as the cannibal adult male
gray seal and the subadult male southern elephant seal described
earlier. However, cannibalism in Hooker’s sea lions was suggested to
fit the food resource hypothesis. Several males kill and eat pups in
a fashion similar to that described for the same species preying on
fur seals. Pups are easy targets for males and may supply calories in
excess of the daily energy requirement of a male, as has been sug-
gested to explain predation of South American sea lions on South
American fur seals (Harcourt, 1993). Cannibalism in polar bears
appears to occur as carrion feeding and as attacks by males on cubs.
There is also evidence of a polar bear male feeding on an adult
female, but this is a rare observation of difficult interpretation.

Most instances of infant abuse and killing in pinnipeds are better
understood as epiphenomena of indiscriminate sexual and aggres-
sive behaviors (Le Boeuf and Campagna, 1994). Social context, sexual
dimorphism, and sexually selected behaviors may set the context for
the occurrence of injury and death of the young. Pinniped colonies
are often dense, parental investment is limited to females, males are
large relative to pups and females, and male movements are frequent
in the vicinity of pups. At times during the breeding season, pups may
be the most abundant age class in a rookery, increasing the opportu-
nity of social interaction. Reproductive females are aggressive toward
conspecifics in general and alien pups in particular. Female aggressive
behavior in this context may be explained by the cost of producing
milk for individuals that are fasting while nursing. A large proportion
of the breeding males do not have sexual access to females, and males
have indiscriminate sexual behavior. Pups, particularly those close to
be weaned, may be almost as large as young mature females, and are
often confused as females. South American sea lion and northern and
southern elephant seal males kill pups in the context of misplaced sex-
ual behavior. Abducted South American sea lion pups, e.g., are treated
as female substitutes, perhaps as a practice of herding or harem keep-
ing (Campagna et al., 1988b). Pups born in a harem are not likely to
be the offspring of the dominant male, since they were sired the previ-
ous season. Behavioral mechanisms that can protect pups from direct
and indirect violence (e.g., being crushed during male fights) are not
then under selective pressure. Infanticide in the Australian sea lions
may be the consequence of misdirected aggression. It has been sug-
gested that territorial males may perceive pups as a threat. After killing
a pup, males return to their usual position in the territories (Higgins
and Tedman, 1990).

It is not yet clear to what extent the abuse and killing of conspe-
cific pups may have a common evolutionary substrate with violent
behaviors directed to mature females of the same or other species,
and toward the young of other species. Examples among the otariids
suggest that a circular gradation may exist from simple predation to
infanticide to cannibalism. Steller sea lions kill pups of other species
as predators but rarely or never abuse conspecific pups as abductors;
South American sea lions prey on pups of other species when adults,
and abduct (but do not eat) pups of the same and other species when
young; and Hooker’s sea lions abduct, abuse, kill and eat conspecific
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and interspecific pups. It remains to be determined if this progression
is actual. It is possible, however, that the behavioral similarities
among these phenomena may indicate a key to understanding the
evolutionary origin of abuse.

See Also the Following Articles

Behavior, Overview m Communication m Estrus and Estrous
Behavior m Mating Systems m Sexual Dimorphism m Sociobiology
m Territorial Behavior.
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Albinism

E—
Albinism

DaAcMAR FERTL AND PaTRICIA E.. ROSEL

tle or no pigment (hypopigmentation) in the eyes alone or in

the eyes, skin, and hair. In humans, all types of albinism exhibit
abnormalities in the optic system, including incorrect connections
of the optic fibers between the retina and the brain, and incomplete
development of the fovea, the area of the retina where the sharpest
vision is located (Oetting and King, 1999). It is the presence of these
types of eye problems that are best used to define albinism rather than
the abnormalities in pigmentation. Inheritance of an altered copy of
a gene that does not function correctly is the cause of most types of
albinism, and mutations in at least 12 different genes have been iden-
tified in different types of albinism in humans (Oetting et al., 2003).
Albinistic people most often have white or light skin and hair, and
eye color varying from dull gray-blue to brown. In one kind of albi-
nism, only eye color is affected. The “pink” eyes often associated with
albinism are due to the reflection from choroid capillaries behind the
retina. With pigment lacking in the iris of the eyes, this reflection is
visible, similar to red-eye in a flash photograph.

S Ibinism refers to a group of inherited conditions resulting in lit-

I. Pigmentation

Mammalian color is almost entirely dependent on presence (or
absence) of the pigment melanin in the skin, hair, and eyes. Melanin is
produced through a stepwise biochemical pathway in which the amino
acid tyrosine is converted to melanin. The enzyme tyrosinase plays a
critical role in this pathway, and alterations or mutations in the tyrosi-
nase gene can result in a defective enzyme that is unable to produce
melanin, or does so at a reduced rate. Currently, as many as 100 differ-
ent mutations in this gene have been found associated with albinism
(Oetting et al., 2003). At the other end of the spectrum, overproduc-
tion of the pigment melanin results in melanism—overly dark animals
(Visser et al., 2004). Albinism is differentiated from piebaldism (body
pigmentation missing in only some areas) and leucism (dark-eyed
anomalously white animals) (Fig. 1). Pigmentation patterns should not
be the only criterion used to define albinism, as some mutant pheno-
types (pseudoalbinism) may be due to the action of genes at other loci.

Figure 1

Leucistic Antarctic fur seal (Arctocephalus gazella) at the
isolated subantarctic island, Bouvetgya. Photo by Greg Hofmeyr.
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II. Albinism and Marine Mammals

Albinism is known to affect mammals, birds, fish, reptiles, and
amphibians. In marine mammals, anomalously white individuals have
been reported for 21 cetacean species (Fertl et al., 1999; Fertl et al.,
2004) and 7 pinniped species (e.g., Rodriguez and Bastida, 1993;
Bried and Haubreux, 2000) (Fig. 2). No reports are known of anoma-
lously white sea otters (Enhydra lutris) or sirenians. Anomalously
white individuals are often presumed to be true albinos. Some of
those individuals match the description of true albinism [e.g., there
are well-documented reports of albino sperm whales (Physeter mac-
rocephalus) and bottlenose dolphins (Tursiops truncatus)], but many
do not. “Chimo,” an anomalously white killer (Orcinus orca) captured
for display in Canada, was diagnosed postmortem with Chédiak—
Higashi Syndrome, (Fig. 3), a type of albinism (Taylor and Farrell,
1973). This inherited disorder is characterized by diluted pigmenta-
tion patterns that appear pale gray, eye and white blood cell abnor-
malities, and a shortened life span. Whales and dolphins also may
appear white if extensively scarred, or covered with a fungus, such as
Lobo’s disease (also known as lobomycosis) (Migaki et al., 1971).

III. Problems Associated with Albinism
Humans with albinism are often sensitive to light, have limited
visual acuity and may display other vision impairments, such as
extreme farsightedness, nearsightedness, and astigmatism. There
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are unpublished reports of apparent vision problems for albino seals,
when they are on shore (King, 1983). Costs of this aberrant pigmen-
tation for marine mammals may include reduced heat absorption
in colder waters, increased conspicuousness to predators, increased
skin and eye sensitivity to sunlight, and impaired visual communica-
tion (Hain and Leatherwood, 1982). Despite the costs, some indi-
viduals do reach adult age and breeding status.

See Also the Following Articles
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Amazon River Dolphin
Inia geoffrensis

VEra M.F. da Siiva

I. Characteristics and Taxonomy
The Amazon River dolphin is known as boto or boto-

vermelho in Brazil; bufeo colorado in Colombia, Ecuador,
and Peru; and toninha and delphin Rosado in Venezuela. It is
also known in English as pink dolphin and internationally as boto.

It belongs to the family Iniidae (Mead and Brownell, 2005). The
genus Inia is currently considered monospecific, with three recog-
nized subspecies: Inia geoffrensis geoffrensis, I. g. boliviensis, and
I. g. humboldtiana. However, skull morphology (da Silva, 1994) and
genetic analysis (Banguera-Hinestroza et al., 2002) suggest that I. g.
boliviensis could be a separate species.

The boto (Fig. 1) is the largest of the river dolphins with a maxi-
mum recorded body length of 255¢m and body mass of 207kg for
males and 225 cm and approximately 153kg for females. It is also the
most sexually dimorphic of the river dolphins, with males 16% longer
and 55% heavier than females (Martin and da Silva, 2006). The body
is corpulent and heavy but extremely flexible. Nonfused cervical ver-
tebrae allow movements of the head in all directions. The flukes are
broad and triangular; the dorsal fin is long, low, and keel-shaped,
extending from the mid-body to the strong, laterally flattened caudal
peduncle. The flippers are large, broad, and paddle-like and are capa-
ble of separate circular movements. Although most of these character-
istics restrict speed during swimming, they allow this dolphin to swim
backward and to maneuver between trees and submerged vegetation
to search for food in the flooded forest. The rostrum and mandible
are prominent, long, and robust. Short bristles along the top of the
rostrum persist into adulthood. The melon is small and soft, and the
shape can be altered by muscular control. The small, round eyes are
functional and the vision is good, both under and above water (Best
and da Silva, 1989a,b).

Amazon River Dolphin

Figure 1 Male Amazon River Dolphin (Inia geoffrensis) in the
Rio Negro, Brazil. Characterized by pink body color during adult-
hood; the largest of the river dolphins. Photo courtesy of Anselmo
D’Affonseca.

Body color varies with age. Fetuses, neonates, and young animals
are dark gray. This pigmentation diminishes in intensity through ado-
lescence to a light gray color. Adult botos become pinker as a con-
sequence of severe scarring on the body surface. Males are pinker
than females and more heavily scarred due to intermale aggression
(Martin and da Silva, 2006). Adult botos can be dark on the dorsum,
but the flanks and underside are pinkish. One albino was captured
and maintained in captivity for more than a year in an aquarium in
Germany.

II. Distribution and Abundance

The boto has a wide distribution, occurring almost everywhere it
can physically reach without venturing into marine waters. It occurs in
six countries of South America—Bolivia, Brazil, Colombia, Ecuador,
Peru, and Venezuela—in an area of about 7 million km? It can be
found along the entire Amazon River and its principal tributaries,
smaller rivers, and lakes, from the mouth near Belém to its headwa-
ters in the Ucayali and Marafion Rivers in Peru. Its principal limits are
impassable falls such as those of the upper Xingi and Tapajés Rivers
in Brazil, and very shallow waters. A series of rapids and falls along
the Madeira River up to the Abuiia falls has isolated a population of
boto (I. g. boliviensis) in the Beni/Mamoré basin in Bolivia, in the
southern part of the Amazon Basin. The boto is also found through-
out the Orinoco River basin, with the exception of the Caroni and
upper Caura Rivers above Para falls in Venezuela. The only connec-
tion between the Orinoco and Amazon River Basins is the Cassiquiare
Canal, where botos have being sighted. The boto is the most abundant
river dolphin. Its current distribution and abundance apparently do
not differ from those in the past, although local relative abundance and
density are highly seasonal and appear to vary between rivers. During
the dry season the dolphins are concentrated in the main channels of
the rivers, whereas during the flooded season they disperse into the
flooded forest (igap6) and river floodplains (virzea).

Differences in survey methodology used by various workers make
comparisons between the results of the different surveys of abundance
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difficult. Long-distance surveys were carried out on the Solimdes—
Amazon River, from Manaus to Santo Antonio do I¢d-Tabatinga, over
a total of 1200km. The number of sightings averaged 332255 botos
per survey (n =9), and the estimated density was 0.08-0.33 botos/
km in the main river and 0.49-0.93 botos/km in the smaller channels.
Another boat survey along 120km of the Amazon River bordering
Colombia, Peru, and Brazil carried out by Vidal et al. (1997) estimated
345 (CV = 0.12) botos in the study area with a density per km? of 4.8
in tributaries, 2.7 around islands, and 2.0 along the main banks. In
the central Amazon, six multiday visual surveys covering a total track-
line distance of 1402km in strip transect and 810km in line transect
mode were performed throughout the flooding cycle in the Japura
and Amazon Rivers (Martin et al., 2004). The estimated density along
river margins across all surveys was 3.7 botos per km?2. The density was
higher at the river margin, declining with distance toward the center
of the river, where the density was lower than for any edge-type hab-
itat along the river margins. In floodplain channels, where a cyclical
pattern of boto density followed the water level, Martin and da Silva
(2004) estimated peak densities of 18 botos per km?, whereas in rivers
and large lakes margins the mean density varied from 1.8 to 5.8 km 2.
These figures suggest that the boto occurs at higher densities than any
other cetacean.

ITI. Ecology

The boto is active day and night. The greatest fishing activity
occurs between 0600-0900 and 1500-1600h. It feeds on over 43
species of fish belonging to 19 families. Stomach content analysis has
revealed up to 11 fish species in one animal. The mean size of con-
sumed fish is 20cm (range 5-80cm), with large fish torn to pieces.
In captivity, food sharing has been recorded. Daily consumption is
about 2.5% of body weight. The botos diet is unique among ceta-
ceans in that its heterodont dentition allows it to tackle and crush
armored prey (da Silva, 1994).

IV. Behavior and Physiology

The boto is mostly solitary and is not commonly seen in cohesive
groups. Group size is generally from one to four individuals. Most
groups of two are mother—calf pairs, but mixed groups and groups of
males are also common. Large loose aggregations may be seen at con-
fluences and bends of rivers and canals due to large concentrations of
fish, or for resting and social purposes. Spatial segregation of the sexes
occurs among botos, where the proportion of adult males, at mid-
rising and high water, is higher on the main rivers and lower toward
the innermost parts of the flood forest, where most females and calves
are found. During low water, all habitats available are equally used by
both sexes. Mark-recapture studies carried out in Central Amazon,
Brazil, have shown that some individuals are resident in a particular
area during the entire year (Martin and da Silva, 2004).

The boto is a slow swimmer with a normal speed of 1.5-3.2km/h,
but bursts of >14-22km/h have also been recorded. It is capa-
ble of strong swimming for some length of time. When surfacing,
the melon, tip of the rostrum, and long dorsal keel are out of water
simultaneously in a very conspicuous way. The boto does a high-
arching roll in which these parts appear sequentially thrust well out
of the water. The tail is rarely raised out of the water before a dive.
Botos also wave a flipper, show the head or tail above the surface,
lob-tail, spy hop, and ‘rarely’ jump clear of the water.

Studies in captivity indicate that botos are less timid and show
less social contact, aggressive behavior, play and aerial behavior than

bottlenose dolphins. They are very curious and playful, rarely show-
ing fear of strange objects. However, captivity may not show their
true range of behaviors. Wild botos grasp fishermen’s paddles, rub
against canoes, pull grass under water, throw sticks, and play with
logs, clay, turtles, snakes, and fish. They are known to react pro-
tectively to injured or captured individuals. Several observers have
reported seeing botos in a stationary position, often upside down,
with the eyes closed.

V. Life History

Males attain sexual maturity much later than females at about
200cm in length. In females, sexual maturity occurs at around 6-7
years of age at body lengths between 175 and 180 cm. Reproductive
events are seasonal, and the mating season coincides with low water
levels. Gestation time has been estimated at about 11 months, and
the calving season is apparently long, with most births occurring at
the peak of the rivers flood level. The boto’s length at birth is about
80cm. Lactation lasts for more than 1 year and the birth interval is
from 2 to 3 years.

VI. Interactions with Humans

The boto is part of the folklore and culture of Amazonian peo-
ple, and several legends and myths are commonly known throughout
its distribution. Because of these legends, often involving supposed
supernatural powers; the boto was protected and respected in the
past, although old records mention the use of its oil for illumination.
Body parts of incidentally captured animals have been used by local
people for medical purposes and as love charms. Recent molecular
analysis has revealed that most of the eyes sold in markets in differ-
ent parts of the Amazonian region, today, as being of I. geoffrensis
are in reality from Sotalia guianensis, which is also known along
the coast of Pard and Amapd States as “boto.” With increased use
of nylon gill nets, machine-made lampara seines, and other fishing
techniques, the incidental catching of botos has become more com-
mon. Since the mid-1990s a direct catch for use as bait to catch a
scavenging catfish, known in Brazil as “piracatinga” (Callophysus
macropterus), has become the most severe threat to the species.
Other threats are the construction of hydroelectric dams on major
tributaries affecting the abundance and presence of some species of
fish. Dams separate and isolate populations and may reduce the gene
pool, thereby increasing chances of local extinction.

I geoffrensis is listed in Appendix II of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora
(CITES) and is classified by the ITUCN as Vulnerable because of seri-
ous threats throughout its range.

See Also the Following Articles
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Ambergris

DarLe W. Rick

mbergris is a substance that forms only in the intestines
of the sperm whale (Physeter macrocephalus). The word

comes from the Old French ambre gris or “gray amber,” as
opposed to ambre jaune, “yellow amber,” which refers to the true,
resinous amber. Most ambergris is found in the large intestine or
rectum. Probably most lumps of ambergris are eventually voided
during defecation, unless they grow too large to pass through the
anus. Ambergris is rather rare and may be found in only a few sperm
whales. The only fishery in which every whale landed was thoroughly
searched for ambergris was that which operated from the island of
San Miguel in the Azores from 1934 to 1953; there ambergris was
found in only 19 of 1933 whales, or 0.98% (Clarke 2006) (Fig. 1).
Ambergris forms as concretions that usually weigh 0.1-10.0kg.,
but rarely much bigger pieces have been recovered; the largest on
record, weighing 420kg, was removed from a 14.9m bull sperm
whale killed in the Southern Ocean on December 21, 1953 (Clarke,
1954). Such huge masses greatly distend the whale’s large intestine.
Most pieces of ambergris are in the form of an irregular roundish
lump, somewhat resembling a potato. Their specific gravity is 0.73—
0.95. In consistency they are solid and friable, similar to nearly dry
clay. Internally they usually show no laminations, but when broken
apart they tend to fracture along concentric cleavage surfaces. In
color they are pale yellowish to light gray on the inside, while the
outer surface is dark brown with a varnished appearance. The chiti-
nous beaks of cephalopods may almost invariably be found imbed-
ded in the lumps. Fresh ambergris has the highly distinctive pungent
odor of sperm whale feces, but aged pieces have an almost pleasant
musty or even musky smell.

Ambergris

Figure 1 Lump of ambergris recovered from the rectum of a male
sperm whale 16.5m long (specimen no. DWR 19600189) killed near
the Farallon Islands off central California on 11 May 1960. Note the
smooth spherical cleavage surface partially exposed on the upper left
where several chunks have been broken off. Scale in centimeters.

Chemically ambergris is a nonvolatile solid consisting mainly of a
mixture of waxy, unsaturated, high molecular—weight alcohols. The
principal components are epicoprosterol and an ester of ambrein.
Epicoprosterol and coprosterol have been found in the feces of
other mammals. Ambrein (Cy3H39OH) is the substance which gives
ambergris its peculiar properties and odor (Gilmore, 1951). One
analysis gave the following chemical composition: ambrein, 25-45%;
epicoprosterol, 30—40%; coprosterol, 1-5%; coprostanone, 3-4%;
cholesterol, 0.1%; pristane, 2-4%; ketone, 3-4%; free acids,
5-8%; residues insoluble in ether, 10-16% (Berzin, 1971; this analy-
sis was mistranslated in the 1972 English edition of Berzin’s book).

The circumstances that induce the production of ambergris are
poorly understood. Clarke (2006) hypothesized that the formation of
ambergris begins when a mass of indigestible material—mainly squid
beaks, which the whale normally vomits—manages to pass through
the duodenum. If this mass blocks the intestine, the intestinal wall
reacts by absorbing water from the feces-impregnated mass, thus
causing it to solidify. As this process continues the mass increases in
size by the accretion of additional solid layers.

Contrary to the prevalent notion, ambergris is hardly ever found
on beaches; most is recovered directly from whale carcasses. Through
the years many people have brought me malodorous globs that they
picked up on the seashore in hopes that it was ambergris; none of
it ever was. If a suspected specimen of ambergris fits the physical
description, the simplest way to confirm its identity is to heat a wire
or needle in a flame and thrust it into the sample to a depth of about
a centimeter; if the substance is really ambergris it will instantly melt
into an opaque fluid the color of dark chocolate. When the needle is
withdrawn, the ambergris will leave a tacky residue on it.

Ambergris was known throughout the Moslem world as early
as the ninth century. There it was highly valued as an incense, an
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aphrodisiac, a laxative, a spice, an ingredient in candles and cos-
metics, and as a medication for treating a diversity of ailments. Its
reputation soon spread around the globe. In those days ambergris
was picked up on beaches or found floating on the sea, and its ori-
gin remained a complete mystery, thus giving rise to many fanciful
and hotly debated theories. In 1574 the Flemish botanist Carolus
Clusius was the first author to deduce from the inclusions of squid
beaks in ambergris that it was the product of the digestive tract of
whales. It was not until after the commencement of the American
sperm whale fishery in 1712 that it became generally recognized
that ambergris was produced solely by the spermaceti whale (Beale,
1839; Dannenfeldt, 1982). In the ensuing years ambergris was prized
mainly as a fixative for fragrances in perfumes. In the twentieth cen-
tury synthetic chemicals replaced it, so it no longer has much value.

See Also the Following Articles

Sperm Whale m Gastro intestinal tract
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Anatomical Dissection:

Thorax and Abdomen

Jonx E. REyNoLps, HI AND SENTIEL A. ROMMEL

vary appreciably among mammals. Factors that may influence

the relative proportions or positions of organs and organ sys-
tems include phylogeny and adaptations to a particular environment
or trophic level.

The structure and function of specific organs or organ systems
are described in other articles of this encyclopedia. This article pro-
vides a “road map” that orients a prosector to the organs and organ
systems of marine mammals. For comparative purposes, we focus
on the California sea lion (Zalophus californianus), Florida manatee
(Trichechus latirostris), harbor seal (Phoca vitulina), and common
bottlenose dolphin (Tursiops truncatus). Our descriptions are at the
gross anatomical level.

To recognize variations on a theme, one must first recognize the
theme. Although there is no “typical” mammal, we shall use our own
species and the domestic dog as the norms against which to make
comparisons. To appreciate human and dog anatomy, we suggest

The general organization of the postcranial soft tissues does not
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Hollinshead and Rosse (1985) and Evans (1993), respectively. Anatomy
of internal organs of domestic mammals is covered by Schummer
et al. (1979). For discussions of the anatomy of various types of marine
mammals, consult Fraser (1952), Green (1972), Herbert (1987),
Howell (1930), King (1983), Murie (1872, 1874), Pabst et al. (1999),
von Schulte (1916), Slijper (1962), and St. Pierre (1974). Whenever
possible, anatomical terms follow the Nomina Anatomica Veterinaria
as illustrated by Schaller (1992).

I. Mammalian Postcranial Landmarks

Marine mammals are generally dissected either ventrally or lat-
erally, but some large, stranded animals must be examined in what-
ever position they are found. For consistency, we provide figures that
describe anatomy in terms of a lateral view, and we discuss organs
and organ systems in the order in which they are revealed during
necropsy. Although this approach may take some getting used to if
one is accustomed simply to the ventral approach, the lateral orien-
tation approximates the living condition more closely.

A. The Diaphragm

The diaphragm of most marine mammals is generally similar in
orientation to that of the diaphragm in both the human and the dog.
It lies in a transverse plane and provides a musculotendinous sheet
to separate the heart and its major vessels, the lungs and their associ-
ated vessels and airways, the thyroid, thymus, and a variety of lymph
nodes (all located cranial to the diaphragm) from the major organs
of the digestive, excretory, and urogenital systems (all typically cau-
dal to the diaphragm). The diaphragm is generally confluent with the
transverse septum (a connective tissue separator between the heart
and the liver) and, thus, attaches medially at its ventral extremity to
the sternum.

Although the diaphragm separates the heart and lungs from the
other organs of the body, the diaphragm is traversed by nerves and
other structures such as the aorta (crossing in a dorsal and medial
position), the caudal (inferior) vena cava (crossing more ventrally
than the aorta, and often slightly right of the midline, although
appearing to approximate the center of the liver), and the esopha-
gus (crossing slightly right of the midline, at roughly a midhorizon-
tal level). This approximately transverse orientation exists in most
marine mammals, although the orientation of the diaphragm may be
more or less diagonal, with the ventral portion being more caudal
than the dorsal portion

The West Indian manatee’s diaphragm differs from this gen-
eral pattern of orientation and attachment. The diaphragm and the
transverse septum are separate, with the septum occupying approxi-
mately the “typical” position of the diaphragm and the diaphragm
itself occupying a horizontal plane extending virtually the entire
length of the body cavity (Fig. 1B). This apparently unique orienta-
tion contributes to buoyancy control (Rommel and Reynolds, 2000).
Additionally, there are two separate hemidiaphragms in the manatee
(Figs 2B, C). The central tendons attach firmly to the ventral aspects
of the thoracic vertebrae, producing two isolated pleural cavities.
The position of the manatee diaphragm stands in contrast with the
curved, oblique diaphragm (DIA, Fig. 3) of the sea lion, seal, and
dolphin.

B. Regions and Structures Cranial to the Diaphragm
The region cranial to the diaphragm is typically compartmental-
ized into three sections (1) the pericardium (containing the heart),
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Schematic arrangements of mammalian diaphragms (modified after Rommel and Reynolds 2000).

(A) The typical mammalian diaphragm extends ventrally from the dorsal midline to attach to the sternum. The
typical diaphragm is a separator between the heart and lungs in the front and the liver and other abdominal
organs in the back. (B) The manatee diaphragm extends dorsal to the heart and does not touch the sternum.
There is a mechanical barrier between the heart and the liver and other abdominal organs but it is a relatively

weak barrier called the transverse septum.

(2) the pleural cavities (containing the lungs), and (3) the mediasti-
num (Figs 3 and 4).

The pericardium is a fluid-filled sac surrounding the heart (HAR,
Fig. 3); in manatees, it often contains more fluid than is found in the
pericardia of the typical mammal or in those of other marine mam-
mals. The heart occupies a ventral position in the thorax (immedi-
ately dorsal to the sternum), making it easy to see when the overlying
muscles, ribs, and sternum are separated. The heart lies immediately
cranial to the central portion of the diaphragm (or just the trans-
verse septum in the manatee). Some lungs may embrace the caudal
aspect of the heart, separating the heart from the diaphragm. As do
the hearts of all other mammals, marine mammal hearts have four
chambers, separate routes for pulmonary and systemic circulation,
and the usual arrangements of great vessels (vena cavae, aorta, coro-
nary arteries, and pulmonary vessels). Cardiac fat is commonly found
in manatees but is typically absent in pinipeds and cetaceans.

The pleural cavities and lungs of mammals are generally found
dorsally and laterally to the heart and are separated along the mid-
line by the heart and mediastinum (discussed later). In the manatee,
the lungs are unusual in that they extend virtually the length of the
body cavity and remain dorsal to the heart (Rommel and Reynolds,
2000). Lungs of some marine mammals (cetaceans and sirenians)
often lack lobes. The size of the lungs of marine mammals varies
according to each species” diving proficiency. Marine mammals that
make deep and prolonged dives (e.g., elephant seals, Mirounga spp.)
tend to have smaller lungs than expected (based on allometric rela-
tionships) whereas shallow divers (e.g., sea otters, Enhydra lutris)
tend to have larger than expected lungs.

The mediastinum is typically considered to be the area between
the lungs, excluding the heart and pericardium. The mediastinum
contains the major vessels leading to and emanating from the heart,
nerves (e.g., the phrenic nerve to the diaphragm), and lymph nodes.
The thymus, which is larger in younger individuals, is found on the
cranial aspect of the pericardium (sometimes extending caudally to
embrace almost the entire heart) and may extend into the neck in
some species. The thyroid gland is located in the cranial part of the
mediastinum along either side of the distal part of the trachea, cranial
to its bifurcation into the bronchi (in sea lions, but not in other marine
mammals, the bifurcation is cranial to the thoracic inlet).! In most
marine mammals, the mediastinum is generally not remarkable; in the

manatee, however, the unusual placement of the lungs and the unique
diaphragm change how one must define the mediastinum (Rommel
and Reynolds, 2000).

One additional structure, located on the cranial aspect of the dia-
phragm in seals and sea lions, is an atypical mammalian muscular
feature associated with the heart. This is the caval sphincter (CAS,
Fig. 3), which can regulate the flow of oxygenated2 blood in the large
hepatic sinus to the heart during dives (Elsner, 1969).

C. Structures Caudal to the Diaphragm

Easy to find landmarks caudal to the diaphragm include a massive
liver and the various components of the gastrointestinal (GI) tract.
The urogenital organs are generally found only after removal of the GI
tract (note that the exception is the uterus of the pregnant female).

1. The Liver. Typically, the liver is located immediately caudal to the
diaphragm. It is a large, brownish, multilobed organ positioned so
that most of its volume/mass is to the right of the midline of the
body. Although marine mammal livers are generally similar to
the livers of other mammals, in manatees, the organ is displaced
somewhat to the left and dorsal relative to its location in most other
mammals. The size, color, and “sharpness” of the liver margins can
be used to assess the nutritive state and health of individual ani-
mals. Bile may be stored in a gallbladder (often greenish in color)
located ventrally between the lobes of the liver, although some spe-
cies (e.g., cetaceans, horses, and rats) lack a gallbladder. Bile enters
the duodenum to facilitate the chemical digestion of fats.

2. The GI Tract. Most of the volume of the cavity caudal to the
diaphragm (the abdominal cavity) is occupied by the various
components of the GI tract: the stomach, the small intestine
(duodenum, jejunum, and ileum), and the large intestine (cecum,

The thoracic inlet is the cranial opening of the thoracic cavity and is
bounded by the vertebral and sternal ribs and sternum.

2Diving mammals with abundant arteriovenous anastomoses (shunts
between arteries and veins that bypass capillary beds) can have high
blood pressure and highly oxygenated blood in their veins. One such
venous reservoir of oxygenated venous blood is the hepatic sinus of seals
(King, 1983).
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Figure 2 Photographs of ventral views of the Florida manatee (modified after Rommel and Reynolds 2000). The
ruler is 15-cm long. (A) After removal of the ventral skin, fat, and musculature, the small and large intestines are
exposed; the large intestine (with contents) may account for 10% of the total body weight and can measure 20-m
long. Portions of the stomach and ventral margins of the liver are visible caudal to the sternum. (B) Removal of the
sternum and GI tract reveals the heart, transverse septum, liver, hemidiaphragms, and right kidney (the left kidney
was removed to expose that portion of the hemidiaphragm). (C) The two central tendons of the hemidiaphragms
attach medially to the ventral aspects of the vertebral column. The diaphragm muscles attach laterally to the ribs.
The lungs are flattened, elongate structures dorsal to the hemidiaphragms; when fully inflated, the lungs extend
almost the entire length of the region dorsal to the hemidiaphragms. Note the junctions of the central tendon and
the pars muscularis of each hemidiaphragm; this approximates the lateral margin of each lung.
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Figure 3 Left lateral illustrations of the superficial internal structures and “anatomical landmarks” of the California
sea lion (Zalophus californianus), Florida manatee (Trichechus manatus latirostris), harbor seal (Phoca vitulina), and
bottlenose dolphin (Tursiops truncatus) with the skeleton (minus the distal appendicular elements) superimposed for
reference. Our view is a left lateral view, focused on relatively superficial internal structures (labeled in bold) visible
from that perspective; the other important bony or soft “landmarks” are not necessarily visible from a left lateral view
but they are useful for orientation and are labeled in italics. Skeletal elements are included for reference, but not all
are labeled—for these details, consult the figures in the skeleton postcranial and skull chapters. Each drawing is scaled
so that there are equivalent distances between the shoulder and the hip; thus, the thoracic and abdominal cavities are
roughly equal in length. The shoulder joints are aligned. The left kidney (not visible from this view in the manatee)
is illustrated. The relative sizes of the lungs represent partial inflation—full inflation would extend margins to distal
tips of ribs (except in the manatee). The following abbreviations are used as labels (structures on the midline are in
bold, those off-midline are in italics): ANS, anus; BLD, urinary bladder; BLO, blow hole of dolphin; DIA, diaphragm,
midline extent (except manatee); EYE-eye (note small size in manatee); HAR, heart; ILC, iliac crest of the pelvis; INT,
intestines; note the large diameter of the large intestines in the manatee; KID, left kidney (not visible from this vantage
in the manatee); LIV, liver; LUN, lung (note that in this illustration, the lung extends under the scapula except in the
seal); MEL, melon, dolphin only; OLE, olecranon of ulna; OVR, left ovary; PAN, pancreas (in this view visible only in
seal and sea lion); PAT, patella; PEL, pelvic vestige; REC, rectum; SCA, scapula; SPL, spleen; STM, stomach; TRA,
trachea (not visible in this view of the manatee); TYM, thymus gland; TYR, thyroid gland; UMB, umbilical scar; UOP,
uterovarian plexus in dolphins; UTR, uterine horn; VAG, vagina. © S.A. Rommel.



Figure 4 A view slightly to the left of the midsagittal plane illustrates the circulation, body cavities, and
selected organs of the California sea lion (Zalophus californianus), Florida manatee (Trichechus manatus
latirostris), harbor seal (Phoca vitulina), and bottlenose dolphin (Tursiops truncatus), with the skeleton for
reference. The left lung is removed. Note that the diaphragm separates the heart and lungs from the liver
and other abdominal organs. Each drawing is scaled so that there are equivalent distances between the
shoulder and the hip; thus, the thoracic and abdominal cavities are roughly equal in length. The shoulder
Jjoints are aligned. Note that the manatee’s diaphragm is unique and that the distribution of organs and the
separation of thoracic structures from abdominal structures require special consideration in these beasts.
The following abbreviations are used as labels (structures on the midline are in bold, those off-midline are
in italics): ADR, adrenal gland; ANS, anus; AOR, aorta; BLD, urinary bladder; BLO, blowhole; BRC,
bronchus; BRN, brain; CAF, caval foramen; CAR, cardiac gland, in manatee only; CAS, caval sphinc-
ter; surrounding the vena cava in the seal and sea lion; CHV, chevron bones; CRZ, crus (plural crura)
of the diaphragm; CVB, caudal vascular bundle, in manatee and dolphin; DIA, diaphragm, cut at mid-
line, extends from crura dorsally to sternum ventrally (except in manatees); ESH, esophageal hiatus; ESO,
esophagus (to the left of the midline cranially, on the midline caudally); HAR, heart; HPS, hepatic sinus
within liver, in seals only; KID, right kidney; LIV, liver; cut at midline; LUN, lung, right lung between
heart and diaphragm; MEL, melon, dolphin only; PAN, pancreas; PUB, pubic symphysis (seals and sea
lions only); PULa, pulmonary artery, cut at hilus of lung; PULv, pulmonary vein, cut at hilus of lung;
REC, rectum, straight part of terminal colon; SPL, spleen; STM1, fore stomach; STM2, main stomach
(STM in non-cetaceans); STM3, pyloric stomach; STR-sternum, sternabrae; TNG-tongue; TRA-trachea;
TRS-transverse septum; TYM-thymus gland; TYR, thyroid. © S.A. Rommel
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colon, and rectum). The proportions and functions of these com-
ponents reflect the feeding habits and trophic levels of the dif-
ferent marine mammals. Therefore, the gastrointestinal tracts of
marine mammals vary considerably.

Food and water travel from the mouth, through a muscular phar-
ynx, and into the esophagus. As noted earlier, the latter pierces the
diaphragm to join the stomach, which is typically a single, distensible
sac. The distal end of the stomach (the pylorus) is marked by a strong
sphincter before it connects with the small intestine (duodenal
ampulla in cetaceans). The separation between jejunum and ileum
of the small intestine is difficult to distinguish grossly, although the
two sections are different microscopically. The junction of the small
and large intestines is often (but not in cetaceans) marked by the
presence of a cecum (homologous to the human appendix). In mana-
tees, the midgut cecum has two blind pouches called cecal horns. In
some marine mammals, the large intestine, as its name implies, has a
larger diameter than the small intestine.

The gastrointestinal tracts of pinipeds and other marine mammal
carnivores follow the general patterns outlined earlier, although the
intestines can be remarkably long in some species. Cetaceans, how-
ever, have some unique specializations (Gaskin, 1978). Cetaceans
can have two or three stomachs (usually three) depending on the
species being examined. The multiple stomachs of cetaceans func-
tion in much the same way as the single stomach found in most
other mammals. The first stomach of cetaceans, called the forestom-
ach (essentially an enlargement of the esophagus), is muscular and
very distensible, and it acts much like a bird crop, i.e., as a receiv-
ing chamber. The second or glandular stomach is the primary site
of chemical breakdown among the stomach compartments; it con-
tains the same types of enzymes and hydrochloric acid that charac-
terize a “typical” stomach. Finally, the “U-shaped” third or pyloric
stomach ends in a strong sphincteric muscle that regulates the flow
of digesta into the duodenum (the duodenal ampulla is sometimes
mistakenly called a fourth stomach) of the small intestine. The ceta-
cean duodenum is expanded into a sac-like ampulla. The only other
remarkable feature at the gross level is the lack of a cecum, which
makes it difficult to tell where the small intestine ends and the large
intestine begins. The intestines of some cetaceans may be extremely
long (especially in the sperm whale, Physeter macrocephalus; Slijper,
1962), but they are not especially long in many other marine mam-
mal species.3

Among marine mammals, sirenians have the most remarkably
developed gastrointestinal tract. Sirenians are herbivores and hind-
gut digesters (similar to horses and elephants) so the large intestines
(specifically the colon) is extremely enlarged, enabling it to act as
a fermentation vat (see Marsh et al., 1977; Reynolds and Rommel,
1996). In horses, the cecum is the region of the large intestine that is
enlarged, but in sirenians, the cecum is relatively small and has two
“horns.” The sirenian stomach is single chambered and has a promi-
nent accessory secretory gland (the cardiac gland) extending from
the greater curvature. The duodenum is capacious and has two obvi-
ous diverticulae projecting from it. The GI tract and its contents can
account for more than 20% of a manatee’s weight.

The length and mass of the gastrointestinal tract are impressive
and create three-dimensional relationships that can be complex.
Simplifying the organization is the fact that tough sheets of con-
nective tissue called mesenteries suspend the organs from the dor-
sal part of the abdominal cavity and shorter bands of connective
tissue (ligaments)* hold organs close to one another in predictable
arrangements (e.g., the proximal spleen is always found along the
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greater curvature of the stomach and is connected to the stomach
by the gastrolienal, or gastrosplenic ligament). Also suspended in the
mesenteries are numerous lymph nodes and fat.

Accessory organs of digestion include salivary glands (small in
most marine mammals but very large in the manatee), pancreas, and
liver (where bile is produced and then stored in the gall bladder).
The pancreas is sometimes a little difficult to locate because it can
be a rather diffuse organ and it decomposes rapidly postmortem;
however, a clue to its location is its proximity to the initial part of the
duodenum, into which pancreatic enzymes flow. Another organ that
is structurally, but not functionally associated with the GI tract is the
spleen, which is suspended by a ligament, generally from the greater
curvature of the stomach (the first stomach in cetaceans) on the left
side of the body. The spleen may be a single organ accompanied by
accessory spleens in some species. The spleen is bluish in color and
varies considerably in size among species; in manatees and cetaceans
it is relatively small but is more massive in some deep-diving pin-
nipeds (Zapol et al., 1979) in which it acts as a storage region for red

blood cells.

3. Urogenital Anatomy. The kidneys lie in a retroperitoneal posi-
tion, typically against the musculature of the back (epaxial mus-
cles) at or near the dorsal midline attachment of the diaphragm
(crura). In the manatee, the unusual placement of the diaphragm
means that the kidneys lie against the diaphragm, but not against
the epaxial muscles. All mammals have metanephric kidneys
(ie., containing cortex, medulla, and calyces). In many marine
mammals, the kidneys are specialized as reniculate (multilobed)
kidneys, where each lobe (renule) has all the components of a
complete metanephric kidney. Why marine mammals have renic-
ulate kidneys is uncertain, but the fact that some large terrestrial
mammals also have reniculate kidneys has led to speculation that
they are an adaptation associated simply with large body size
(Vardy and Bryden, 1981).

The renal arteries of cetaceans enter the cranial poles of the kid-
neys, whereas in other marine mammals, they enter the hilus (typi-
cal of most mammals). Additionally, in manatees, there are accessory
arteries on the surface of the kidney. The kidneys are drained by sep-
arate ureters, which carry urine to a medially and relatively ventrally
positioned urinary bladder. The urinary bladder lies on the floor of
the caudal abdominal cavity and, when distended, may extend as far
forward as the umbilicus in some species. The pelvic landmarks are
less prominent in fully aquatic mammals. In the manatee, the blad-
der can be obscured by abdominal fat.

Pabst et al. (1999) noted that the reproductive organs tend to
reflect phylogeny more than adaptations to a particular niche. If one
were to examine the ventral side of cetaceans and sirenians before
removing the skin and other layers, one would discover that positions
of male and female genital openings are different, permitting rather

SAssessing the length of intestines is fraught with potential bias
because it is extremely difficult not to stretch the intestines to unnatu-
ral lengths after they are freed from the mesenteries and straightened.
Linear measurements of gastrointestinal tract are, therefore, highly
subjective.

Ligament has several meanings in anatomy: a musculoskeletal ele-
ment [e.g., the anterior (cranial) cruciate ligament], a vestige of a fetal
artery or vein (e.g., the round ligament of the bladder), the margin of
a fold in a mesentery (e.g., broad ligament), and a serosal fold between
organs (e.g., gastrolienal ligament).
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easy determination of sex in some species without dissection. In all
marine mammals, the female urogenital opening is more caudal than
the opening for the penis in males. One way to approach dissection
of the reproductive tracts is to follow structures into the abdomen
from their external openings.

The position and general form of the female reproductive tract
in marine mammals are generally similar to those of the female
reproductive tracts in terrestrial mammals. The vagina opens cranial
to the anus and leads to the uterus, which is bicornuate in marine
mammal species. The body of the uterus is found on the midline and
is located dorsally to the urinary bladder (the ventral aspect of the
uterus rests against the bladder). Although the body of the uterus
lies along the midline, it has bilaterally paired, relatively large diam-
eter projections called uterine horns (cornua), which extend later-
ally. The relatively small-diameter oviducts conduct eggs from the
ovaries to the uterine horns where implantation of the fertilized egg
and subsequent placental development occur. The dimensions of the
uterine horns vary with reproductive history and age. Often the fetus
may expand the pregnant horn to the point that it fills a substantial
portion of the abdominal cavity. The horns terminate abruptly, nar-
rowing and extending as uterine tubes (fallopian tubes) to paired
ovaries. The uterus and the uterine horns are held in place in the
abdominal cavity by the broad ligaments. Uterine and ovarian scar-
ring may provide information about the reproductive history of the
individual.

The ovaries of mature females may have one or more white or yel-
low-brown scars, called corpora albicantia and corpora lutea, respec-
tively. Although ovaries are usually solid organs, in sirenians they are
relatively diffuse.

Mammary glands are ventral, medial, and relatively caudal in most
marine mammals, but they are axillary in sirenians. Many marine
mammals have a single pair of nipples; sea lions and polar bears, Ursus
maritimus, (DeMaster and Stirling, 1981), have two pairs or nipples,
and cetaceans have mammary slits (note that some male cetaceans
have distinct mammary slits).

The male reproductive tracts of marine mammals have the
same fundamental components as the tracts in “typical” mammals,
but positional relationships are significantly different. This differ-
ence is due to the testicond (ascrotal) position of the testes in most
marine mammal species. Sea otters are scrotal (J. Bodkin, personal
communication); polar bears are seasonally scrotal (I. Stirling, per-
sonal communication); and sea lion testes become scrotal when
temperatures are elevated. The testes of some marine mammals
are intraabdominal, but in phocids, for example, they lie outside the
abdomen, partially covered by the oblique muscles and blubber. The
position of marine mammal testes creates certain thermal problems
because spermatozoa do not survive well at body (core) tempera-
tures; in some species, these problems are solved by the circulatory
adaptations mentioned later.

The penis of marine mammals is retractable and it normally lies
within the body wall. The general structure of the penis relates to
phylogeny (Pabst et al., 1999).

4. Adrenal Glands. The term “suprarenal gland” is often used inter-
changeably with “adrenal gland.” Although the suprarenals often lie
immediately atop or very close to the kidneys of terrestrial mam-
mals, adrenals of marine mammals may lie several centimeters cra-
nial to the kidneys, along either side of the median. Adrenal glands
can be confused with lymph nodes, but if one slices the organ in
half, an adrenal gland is easy to distinguish grossly by its distinct
cortex and medulla.

5. Circulatory Structures. Blood vessels are often named for the
regions they feed or drain. Thus, the fully aquatic marine mam-
mals (cetaceans and sirenians) lack femoral arteries that supply
the pelvic appendage. However, most organs in marine mammals
are similar to those of terrestrial mammals so their blood supply is
also similar. Therefore, readers who want to learn details of typical
circulatory anatomy should consult one of the anatomy references
cited earlier. The thoracic aorta leaves the heart and lies ven-
tral to the vertebral column, giving off segmental arteries to the
vertebrae and epaxial muscles (and in the case of cetaceans and
manatees to the thoracic retia). The aorta continues through the
aortic hiatus of the diaphragm (between the crura) and into the
abdomen as the abdominal aorta and lumbar aorta, which give off
several paired (e.g., renal and gonadal) and unpaired (e.g., celiac
and mesenteric) arteries. The caudal aorta follows the ventral
aspect of the tail vertebrae. In the permanently aquatic marine
mammals, there are robust ventral chevron bones that form a
canal in which the caudal aorta, its branches, and some veins are
protected.

Some of the diving mammals (e.g., seals, cetaceans, and sirenians)
have few or no valves in the veins (Rommel et al., 1995); this adapta-
tion simplifies blood collection.” Other exceptions to the general pat-
tern of mammalian circulation are associated with thermoregulation
and diving. Countercurrent heat exchangers abound, and extensive
arteriovenous anastomoses exist to permit two general objectives to
be fulfilled (1) regulating loss of heat to the external environment,
while keeping core temperatures high and (2) permitting cool blood
to reach specific organs (e.g., testes, uteri, and spinal cord) that can-
not sustain exposure to high body temperatures (see reviews by
Rommel et al., 1998; Pabst et al., 1999).

In mammals, several paths for supplying blood to the brain exist:
via the internal carotid, the external carotid, and the vertebral/basilar
arteries. Some species use on]y one, others use two, and manatees
use all three pathways. In cetaceans, the path for supplying blood to
the brain is unique. The blood destined for the brain first enters the
thoracic rete, a plexus of convoluted, small-diameter arteries in the
dorsal thorax. Blood leaves the thoracic rete and enters the spinal
rete where it surrounds the spinal cord and enters the base of the
skull (McFarland et al., 1979). There are two working explanations
for this convoluted path of blood to the brain: (1) the elasticity of
the retial system allows mechanical damping of the blood pulse pres-
sure wave (McFarland et al., 1979) and (2) the juxtaposition of the
thoracic retia to the dorsal aspect of the lungs may provide thermal
control of the blood entering the spinal retia. Combined with cooled
blood in the epidural veins, the spinal retia may provide some tem-
perature control of the central nervous system.

II. Overview

Marine mammal postcranial soft tissue anatomy is, in many
regards, similar to that of “typical” mammals. However, the relative
proportions of and, to some extent, the positions of organs may be
somewhat different from the norm.

>The near absence of valves in the veins of seals and dolphins allows
two-way flow to occur, increasing the blood available when venipuncture
is used; in contrast, sea lions have numerous valves in the hind flipper
veins.
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We close with a reminder about orientation: namely the orien-
tation of the prosector relative to the orientation of the specimen
and the orientation of the specimen to the orientation of that ani-
mal when it was alive. The position of animals during necropsy may
be belly-up, obviously not the usual position of the living animals.
Thus, gravitational forces make the positional relationships we may
observe during necropsy somewhat artificial; we assess “dead anat-
omy” rather than “living anatomy.” We suggest that people examin-
ing marine mammal postcranial anatomy bear this fact in mind and
try to constantly picture how the structures being observed during
necropsy might be arranged in a free-ranging animal. The more the
latter perspective can be maintained, the easier it will be to envision
dynamic relationships among organs and systems and to relate func-
tion (physiology) to structure (anatomy).

See Also the Following Articles

Female Reproductive Systems m Male Reproductive Systems m
Musculature m Forelimb Anatomy s Hindlimb Anatomy m Skeletal
Anatomy m Skull Anatomy m Gastrointestinal Tract
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Antarctic Fur Seal
Arctocephalus gazella

JAUME FORCADA AND TAIN J. STANILAND

I. Characteristics and Taxonomy
The genus Arctocephalus (G. Saint-Hilaire and F. Cuvier, 1826)

derives from the Greek words arctos (bear) and kephale (head),
meaning bear-headed. The species Arctocephalus gazella
(Peters, 1875) is thought to be named after the German vessel SMS
Gazelle by Theophil Studer, a zoologist of the Venus Transit Expedition.
The species was described from a young female specimen collected at
the Kerguelen Islands during the expedition, between 1874 and 1875.
The other common name, Kerguelen fur seal, is seldom used. Antarctic
fur seals are part of the group Arctocephalinae and evolved to their
present form in the past 2-3 million years. There are many similarities
between Antarctic fur seals and the other Arctocephalinae, and they can
be confused with most other southern fur seals, particularly females.
Both sexes have thick bodies and relatively long necks, which
make the head look small (Fig. 1). The snout is smooth and relatively
pointed and appears to be flat from the forehead to the nose, especially
in males. The skull has a convex forehead and broad and short
rostrum, with short nasal bones and a broad flattened palate. There
are nine pairs of teeth in the upper jaw and eight pairs in the lower
jaw. The tooth rows diverge posteriorly, with a wide diastema
between upper postcanines 4 and 5, and 5 and 6. This is a major dif-
ference from the other Arctocephalinae, which lack the diastemas.
The teeth are small and unicuspid, and the maxillary shelf is long.
The upper canines in bulls have obvious external bands that corre-
spond well with single annual growth layers. The lower canines are
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Figure 1 Antarctic fur seal territory with a dominant bull defend-
ing females and their pups at Bird Island, South Georgia.

laterally compressed and large; they are used in fights with other
bulls for breeding territories.

At birth, mean standard length for pups is 67.4cm (58-66). Males
are born heavier at 5.9kg (4.9-6.6) compared to females at 5.4kg
(4.8-5.9). This sexual dimorphism is pronounced in adults, with bulls
being almost 1.5 times longer and 4 times heavier than females. Bulls’
mean standard length is 180cm (170-200) and mean weight 133kg
(90-197). In females these are 129cm (117-140) and 34kg (20-51),
respectively. Males have a well-developed scrotum and testicles are
external, although they can be concealed, making it especially difficult
to distinguish young males from adult females. Younger males lack the
heavy manes of bulls but have heavier and larger body foreparts and
teeth than females. Long facial vibrissae can extend beyond the pin-
nae and are usually white. In bulls these can grow up to 48 cm, longer
than in any other pinniped.

The body is covered by hair except for the rhinarium, ear tips,
and palmar surfaces of the flippers. The hair extends to the base of
well-developed nails at the top of the hind flippers, which are often
used to groom the hair. The nails on the fore flippers are less well
developed. On land the pelage is grizzled dark brown, shading paler
below. Color differences are partly due to the length and structure
of three different types of hair. From the skin to the outside, the pelt
has a dense underlayer of fine fur, which provides thermal insula-
tion, and two distinct types of guard hairs, stouter, and more obvi-
ous in the bulls’ mane (Bonner, 1968). The pelage of pups is black
until the first molt, after which the pelage has the adult coloration.
In pups, adult-type guard hairs with white tips may protrude, giving
paler coloration, especially in the facial area. Approximately 1-2%o
of the pups are born white, with lack of pigmentation in the guard
hairs and much paler underfur and exposed skin, but these are not
albinos. Their coloration remains whitish for life. White individuals
have only been reported at South Georgia, with incidental records at
Bouvetgya Island, King George Island, and Marion Island (De Bruyn
et al., 2007). Intermediate colorations, with clumps of black among
predominantly white guard hair, are rarer still but are observed in

high-density areas (Fig. 2).

II. Distribution and Abundance

Antarctic fur seals have a very wide distribution and breed prima-
rily in subantarctic and Antarctic locations of the South Atlantic and
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Figure 2 Different coloration patterns of fur seal pups observed
at Bird Island, South Georgia. Approximately 1-2 in 1000 pups are
born white, and less than 1 in 5000 have mixed coloration.

Indian Ocean sectors of the Southern Ocean. In the South Atlantic,
the main breeding populations are south of the Antarctic polar front,
on South Georgia Island, South Sandwich Islands, South Orkney
Islands, South Shetland Islands (these four archipelagos belong to
the Scotia Arc), and Bouvetgya Island. In the Indian Ocean, they are
south of the polar front on Heard Island and McDonald Islands and
north of the polar front on the Prince Edward Islands, Crozet Islands,
Kerguelen Islands, and Macquarie Island. The distribution range
widens after the breeding season, when animals can leave the main
breeding rookeries. Most records of seals instrumented with telem-
etry devices suggest unstructured movements or individual disper-
sal. Bulls can travel very long distances, from the breeding islands to
the ice edge and north of the polar front. Seals from South Georgia
travel to the Antarctic Peninsula, the Falkland Islands, and southern
Argentina, including the Juan Fernindez Islands, Tierra del Fuego,
and Mar del Plata. A group of Antarctic fur seals were seen at Gough
Island, which is mostly populated by subantarctic fur seals, also north
of the Polar Frontal Zone (Wilson et al., 2006). Bulls from Kerguelen,
Heard and Crozet Islands travel to the ice edge and north of the polar
front. During the winter, females disperse at sea with individuals
traveling south to the marginal ice zone and north, crossing the polar
front and reaching as far as the Mar del Plata region of the Patagonian
shelf. Females returning to breed at South Georgia often carry pend-
unculate barnacles, indicating that they can spend extended periods
at sea between their breeding events. Juveniles and bulls are often
seen around the breeding beaches throughout the winter. Post-wean-
ing pups remain close to the natal beaches but move to oceanic waters
(>500m) as the winter progresses.

Available population estimates are South Georgia 2,700,000 and
pup production (pp) 269,000 (season 1990-1991); Bouvetgya Island
66,000 and pp 15,523 (2001-2002); South Shetland Islands 21,190 and
pp 10,100 (2000-2001); Marion Island 3821 and pp 796 (2003-2004);
Heard Island 4100 and pp 1278 (2000-2001); Prince Edward Island
2000 and pp 400 (2001-2002). Additional minimum pup production
is 6500 at Kerguelen Islands, 295 at Crozet Islands, 350 at South
Sandwich Islands, and 1000 at South Orkney Islands. The popula-
tion of South Georgia probably comprises more than 95% of the
world population. However, the total estimate was extrapolated from
an estimate of 379,302 (287,363-471,240) breeding females in 1990—
1991 (Boyd, 1993) obtained from beach counts and assumed a rate
of population increase from 1977 to 1991 of 9.8%. Many females
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did not return to breed in 1990-1991 because of poor environmen-
tal conditions (Boyd, 1993; Forcada et al., 2005) and as a result the
counts were low and unrepresentative of the true number of females
alive. Since 1990, the number of breeding females at a study site,
used to estimate population correction factors and rates of increase,
has been significantly declining, whereas circumstantial evidence
suggests that seal numbers at other locations of South Georgia have
increased. Therefore, reliable recent population estimates and trends
are unavailable. Most Antarctic fur seal populations are thought to
be increasing at rates well above 5%, although these estimates are
not robust and most likely are positively biased.

Modern genetic population structure is known in detail from
mitochondrial DNA control region sequences, with 26 haplotypes,
including 16 represented in more than one individual, in a study of
145 seals from eight populations (Wynen et al., 2000). The relation-
ship between haplotypes suggests little lineage structure but two
genetically distinct regions: a western region including the islands of
the Scotia Arc, Bouvetgya, and Marion Islands, and an eastern region
including Kerguelen and Macquarie Islands. Seals from Crozet Islands
and Heard Island show mixtures of haplotypes from both regions.
This suggests that post-sealing populations survived at South Georgia,
Bouvetgya, and Kerguelen. South Shetland and Marion would have
been recolonized by seals from South Georgia and Bouvetgya, and
Macquarie by seals from Kerguelen. The severe reduction of the
world population by sealing in the eighteenth and nineteenth cen-
turies could have caused population bottlenecks in most locations.
However, present molecular data suggest higher levels of genetic vari-
ation at the nuclear and mitochondrial DNA loci than expected from
the estimated remnant population levels.

ITI. Ecology

The diet of Antarctic fur seals is highly dependent on local prey
availability, and comparative differences between sites probably reflect
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regional differences in prey assemblages rather than differing foraging
strategies. For example, the distance from the coast to the shelf break,
a proxy for the available shelf habitat, is negatively correlated with the
proportion of pelagic fish in the diet of fur seals. In addition, the diet
mostly reflects the prey within the seal’s narrow depth range. Females
are particularly shallow divers and depend on prey migrating into the
surface waters, usually at night. Their diet is likely biased toward epi-
pelagic and diurnally migrating mesopelagic species.

The density of Antarctic krill (Euphausia superba) is very high in
the productive waters of the Atlantic sector of the Southern Ocean,
and it dominates in the diet of the seals in this area. In the Indian
Ocean sector, euphausids are of minimal importance and are often
absent from the diet, which is instead dominated by fish. Other than
krill, Antarctic fur seals principally eat myctophids, icefish, and noto-
thenids, although skates and rays are also taken. Squid, a very minor
(<1%) part of the diet at South Georgia, can play an important role
in some areas, occurring in half the winter scats at Heard Island.

Seasonal differences in diet are reported at most sites where
studies have been undertaken, but these are difficult to interpret
because prey preference varies with age and sex of fur seals and the
composition of the population in an area is very different within and
outside of the breeding season. Interannual differences in diet relate
to differences in local oceanographic conditions. At South Georgia,
increases in myctophid occurrence are closely linked to sea sur-
face temperatures, whereas changes in the consumption of icefish
(Champsocephalus gunnari) are more closely linked to abundance of
krill, its principal prey.

Although normally a very small component of the diet, penguins,
especially during fledging, can be an important food source for fur
seal bulls, and this may be a significant source of mortality where it
occurs. At Marion Island, in a unique situation, the bulls take king
penguins on land (Hofmeyr and Bester, 1993).

The dependence on land-based breeding strongly influences the
distribution of Antarctic fur seals and their foraging ecology. Females
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during lactation act as a central place foragers and are thus restricted to
foraging in the waters immediately surrounding the breeding beaches,
usually around 150km from the pupping location. However, tracking
studies have shown that there is large individual variation in the time
spent at sea and the distance traveled. Generally female foraging is asso-
ciated with areas of high gradient, i.e. shelf breaks, in the immediate
vicinity. The bathymetry preferences associated with observed foraging
patterns are ultimately determined by prey distribution.

Antarctic fur seals preferentially breed on shale and pebble
beaches, but they are found on almost all seashore environments,
from sandy beaches to exposed rock platforms, and also in areas with
vegetation behind landing beaches, such as in the Prince Edward
Islands. A few weeks after giving birth, females suckle their pups in
the relatively quieter areas behind the breeding beaches. They are
generally faithful to a suckling location, which can be quite distant
from the water and up to 100m above sea level.

At South Georgia, Antarctic fur seals lay on tussock grass clumps
to avoid the often wet and muddy ground. This behavior erodes the
top of these clumps and, in areas of high density, kills the tussock,
leaving a mound of earth and roots. The destruction of vegetation by
recovering populations of fur seals has been a cause of concern, but
it may well reflect the return of the environment to its pre-sealing
state. This is clear in many areas where sealing artifacts (e.g. try-pots
and shelters) are being uncovered by such erosion.

Away from land males are observed hauling out on sea ice and
feeding in the marginal ice zone. However they are ill adapted
to extreme cold, and if entrapped they can experience blindness
through the freezing of their basal tears, often leading to death.

Killer whales are probably the only predator of Antarctic fur
seals of all ages, but pups and yearlings are also vulnerable to leop-
ard seal predation. Such predation can be significant, and leopard
seals are thought to limit the population growth during winter at
Elephant Island, South Shetland Islands. Leopard seals visit Bird
Island, South Georgia. Their main prey is pups, although the esti-
mated kill is less than 1% of the island’s annual production. Large
otariid bulls of other species may also prey on pups where the spe-
cies co-exist. At Macquarie Island, a single subadult male Hooker’s
sea lion (Phocarctos hookeri) was believed to have killed a total
of 54 Antarctic and subantarctic fur seal pups, 43% of the total
production.

Antarctic ecosystems are often considered to be isolated and pris-
tine, but Antarctic fur seals regularly cross the polar frontal zone and
are therefore a potential vector for diseases. Little is known on the
diseases of Antarctic fur seals, but given their similarity to, and mix-
ing with, other fur seal species they are likely to share similar bacte-
riology and pathology. During the breeding season, the scale of fur
seal bull mortality fluctuates between years. The main causes appear
to be infections from fighting wounds and pneumonia. Studies have
isolated various Streptococcus sp., Staphylococcus sp., Bordetella
sp., and Corynebacterium phocae from dead animals. Anti-bodies of
Brucella, which can impair female reproduction, have been found in
individuals on the Antarctic Peninsula.

The most obvious external parasitic/commensal organism of
Antarctic fur seals is the goose barnacle (Lepas australis), typically
found on females returning to breeding after extended periods at
sea (Setsaas and Bester, 2006). The average infestation of 10 barna-
cles reported on 4% of returning females has little effect on swim-
ming performance. However, individual seals have been recorded
with over half of their fur colonized by the barnacle, which would
severely increase the individual’s hydrodynamic drag. The barnacles
die and drop off within a few days of the seal being ashore. Gastric
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nematodes are prevalent, and tapeworms have been recorded, but
no ticks have been observed.

Antarctic fur seals and elephant seals often breed in the same
areas, but the difference in their timing of breeding means that their
interactions are limited. Elephant seals occasionally crush fur seal
pups and in turn elephant seal weaners are observed with superficial
wounds inflicted by fur seals.

Despite penguins being preyed on by fur seals, on land they often
breed side by side with the seals. Although fur seals generally ignore
their avian neighbors, seal disturbance, usually an individual rushing
through a penguin colony, can lead to egg loss and chick mortality.

Fur seals provide resources to many flying birds. At South
Georgia, seal carcasses are consumed by giant petrels and skuas and
also provide food for pintail ducks and sheathbills. Placentas provide
food at the beginning of the breeding season, whereas dead or dying
pups provide a steady source of food for scavengers. Increases in the
skua and northern giant petrel populations at several subantarctic
sites have been attributed to increases in seal carrion, in particular
at South Georgia where the species is highly abundant, although this
may not be the case in other areas (De Bruyn et al., 2007).

The destruction of tussock stands could potentially impact birds
that nest or burrow in this habitat, but this is unlikely to be a major
problem, especially compared to the impact of predation from rats
and cats where these pests have been introduced. Although Antarctic
fur seals share the tussock habitat with larger birds, like wandering
albatrosses and giant petrels, there is little evidence of any negative
impact on these species.

IV. Behavior and Physiology

Antarctic fur seal bulls begin to arrive on the breeding beaches
in numbers during early November and fight to establish territories.
The first females arrive a few weeks later and give birth within a few
days of hauling out. The perinatal period lasts 5-8 days, at the end of
which the females mate before heading out to sea. Antarctic fur seals
are highly polygynous, with bulls on average having “harems” of nine
females. However, females exhibit mate choice, and genetic studies
have revealed that females from a given male-associated group can
travel through a number of neighboring territories in order to mate
with a bull who is both heterozygous and unrelated (Hoffman et al.,
2007). After mating, males migrate to higher latitudes in January,
and their numbers increase on the more southerly islands, on the
Antarctic Peninsula and around the ice edge.

Females are income breeders, spending periods ashore nursing
the pup (1-2 days) interspersed with foraging at sea (2-11 days).
Pups wean in April only after 4 months, the shortest lactation period
of any otariids. Only northern fur seals (Callorhinus ursinus) have a
comparably short lactation.

Extended dives usually relate with feeding or attempts to
locate food. Females dive predominately during the night, to shal-
low depths (0-40m), exploiting diurnally migrating prey within the
mixed surface layer. The great sexual dimorphism and the constraints
imposed on females by pup rearing lead to obvious sexual segrega-
tion. Because of their larger size, males can dive deeper and longer.
Maximum dive durations are around 5min for females and 10 min
for males, reaching maximum depths of 210 and 350 m, respectively.

Males foraging around South Georgia prior to breeding are seg-
regated from females both horizontally and vertically. However, their
foraging trips are very similar in length to those of breeding females,
despite being unconstrained by any offspring demands. Whilst female
foraging is concentrated at the shelf break, males mostly forage closer
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to the breeding colony on the continental shelf. In these shallower
waters males dive throughout the day and night and undertake benthic
dives (mean depth 200m), which are not observed in females.

Diving behavior is strongly influenced by prey behavior and dif-
fers between foraging locations. Females foraging in shelf waters
have a higher proportion of daytime dives and dive deeper than they
do in oceanic waters. When males forage in oceanic waters they fol-
low a similar pattern to females foraging there, diving nocturnally
within surface waters, but with a deeper dive range (0-60m).

Bulls perform two main vocalizations. A threatening roar (full-
threat call) is generally used in direct aggression against other males
or in response to a specific threat. The second type is a “huff-chuff”’
sound generally used when moving around a territory, interacting with
females, or within the area of other seals. This sound appears to act as
a display of status, as its use by subordinates can provoke aggression.
Females and pups are occasionally heard vocalizing in this way either
in aggression toward conspecifics or during play. Although females
will huff-chuff and roar, their main vocalizations occur in mother—pup
interactions. Mothers and pups establish a bond through both smell
and vocalization immediately after birth that is constantly re-enforced
throughout the postnatal period. When mothers return from a forag-
ing trip or when they are separated from their pups ashore, the two
locate each other by call and response, and once in close proximity
identity is confirmed by smell.

Females molt in February—March when clumps of hair can been
seen trapped in the nails on their hind flippers. They are still suck-
ling pups at this time and they can continue foraging at sea through-
out the molt. Pups begin to molt from their natal coat to adult pelage
around early February at about 1-2 months of age. The timing of
the bulls” molt is unclear, although identifying paint marks on the fur
from behavioral studies can last up to 2 years or more on some indi-
viduals, suggesting that any annual molt may only be partial.

V. Life History

Extreme sexual dimorphism and the species” breeding biology
determine completely different life histories for females and males.
Mean female age at maturity is 4 years, although first conception
occurs as early as 2 and as late as 7 years. By age 6 most females
have attained full adult size. Variability in primiparity is largely dic-
tated by body mass, density dependence, and environmental stress.
Early age at primiparity may affect survivorship of physically imma-
ture females, although this is difficult to observe, because the sur-
vival of all young females is highly affected by environmental stress.
Reproductive rates increase rapidly from age 2, peak at 0.80 yr at age
8, and remain high, on average 0.75 (0.68-0.77), until the onset of
a senescent decline, around age 11. Weaning success increases with
age and experience, although it relies heavily on food availability and
the ability of mothers to provide. Trauma and lack of food are usually
the most common causes of early pup mortality in densely populated
areas.

Female longevity is around 20 years; the oldest known female was
24. The mean adult female survival is 0.87 (0.68-0.93); variation is
mainly caused by fluctuation of the biological environment. In years
with severe climate anomalies, it can be reduced by as much as 15-20%.
Female fitness, measured as the asymptotic population growth rate,
is most sensitive to changes in the survival of breeders and their pro-
pensity to breed. Therefore, with adverse environments, females” body
condition may decrease, and they defer or alter breeding rather than
put their life at risk. Breeding can be altered by not implanting or rea-
bsorbing the blastocyst, abortion, or by pup abandonment.

Fur Seal

The female breeding cycle is highly constrained by their income
breeding system and the extreme seasonality of high latitudes.
Females can only breed during the short austral summer when suit-
able pupping habitat is available and the local environment is suf-
ficiently productive to supply constant nourishment for maintenance
and pup rearing. This requires a high breeding synchrony that con-
centrates the birth of 90% of the pups in a 10-day window. This syn-
chrony is highly consistent across the different breeding locations in
the Southern Ocean, with only small differences in median birthdate
(Hofmeyr et al., 2007) and is mostly affected by local environmental
influences.

Despite these constraints, most females breed annually, invest-
ing greatly in pupping. They conceive and carry a new fetus although
still lactating and are constantly foraging. Because their gestation
lasts between 8 and 9 months, annual breeding is achieved by hav-
ing (1) a diapause period of 3-4 months between conception and
implantation of the blastocyst and (2) the shortest lactation among
otariids, which is required to cope with the highly seasonal produc-
tivity typical of high latitudes. The advantage of diapause is that the
pupping interval can be very close to 365 days and is thus adjusted
to seasonal breeding; mothers only start investing on the new gesta-
tion when the previous pup is weaned or close to weaned. Lactation
is arguably the highest breeding cost. Given its heavy reliance on
the biological environment, the rapid and successful recovery of the
once almost extinct South Georgia population can be explained by
the high abundance of its main prey, Antarctic krill. However, the
current increased frequency in climate anomalies is reducing the
krill supply in the Scotia Sea more regularly, rendering the environ-
ment less predictable for breeders. Their vital rates are affected by
this fluctuation that reduces the carrying capacity of the environ-
ment. This instability is unlikely to support the high rates of breed-
ing success and the population expansion previously seen.

Males reach sexual maturity at ages 34, but they are not repro-
ductively active until they reach their adult body size, usually between
ages 7 and 8, when they start competing for territories. Territory ten-
ure is highly variable, and with high population density only a few
bulls gain access to receptive females. These are the bulls more likely
to mate successfully and father most (up to 60%) of the pups born
on dense breeding beaches. Higher heterozygosity has been associ-
ated with higher bull success, in terms of longer territory tenure and
competitive ability. Territory tenure implies greater competition with
other bulls and a higher chance of mortality. On average, most bulls
live for 8 years, which suggests a high mean mortality rate, possibly
30% higher than that of females. However, reliable estimates are not
available for any population.

Antarctic fur seals and subantarctic fur seals (Arctocephalus
tropicalis) breed sympatrically in at least six locations. At Marion
Island hybrids make up at least 0.02% of the island population. At
Possession Island, Crozet Islands; Heard Island; and Macquarie
Island, Antarctic and subantarctic fur seals occur in breeding groups
where New Zealand fur seals (Arctocephalus forsteri) also occur.
Recent analysis indicates the presence of hybrids involving the three
species (17-30% of the pups) and some degree of hybrid reproduc-
tive success. Hybrid bulls can hold territories, but their reproductive
success is low, with a great proportion of pure-species females in
their territories conceiving extra-territorially with conspecifics. This
suggests the presence of reproductive isolating mechanisms that
limit the frequency of hybrids (Lancaster et al., 2007). The overlap
in breeding areas of the different fur seal species is thought to result
from recent colonization and the increase and spreading of popula-
tions after recovery from intense exploitation.



Antarctic Fur Seal 41

VI. Interactions with Humans

Antarctic fur seal populations suffered intense commercial
exploitation during the eighteenth and nineteenth centuries, mainly
for their pelts. This led to a dramatic reduction of populations
worldwide. Large-scale sealing began in the Southern Hemisphere
in 1775. Antarctic fur seals were known to be abundant on South
Georgia during the eighteenth century; Captain Cook discovered the
island in 1774 and found that the beaches “swarmed” with seals. The
first record of Antarctic fur seals taken from South Georgia is from
1786. Sealing reached a peak in 1800-1801, when 17 British and
American vessels took 112,000 skins. A single ship had a recorded
catch of 57,000 seals for that particular season. By 1821 near-exter-
mination was recorded by James Weddell, who calculated a total
take of 1.2 million seals. A few more seals were taken in 1838-1839,
in the 1870s, and in 1908. Fur-sealing on South Georgia continued
until just one seal was found and killed in 1915 (Bonner and Laws,
1964; Headland, 1984). Sealing efforts on the South Shetlands began
as soon as they were discovered in 1819, and fur seals were almost
completely exterminated in just three seasons. James Weddell calcu-
lated that 320,000 were taken during 1821 and 1822.

On South Georgia, the population recovered very rapidly and has
now reached very high numbers. A small breeding colony was discov-
ered in 1930s on Bird Island, west of South Georgia, where the rec-
olonization is thought to have started. From 1958 to 1972, the annual
rate of increase on that small island was estimated as 16%, with pup
production increasing from 10,000 per year in the early 1960s to
90,000 in 1975. The current annual production is thought to be no
higher than 60,000 pups per year. The numbers and recovery rates
were different at other locations. At Bouvetgya, historical accounts
suggest that there were significant numbers of seals present toward
the end of sealing (Hofmeyr et al., 2005). At other locations, num-
bers after sealing are thought to be very small. At Heard Island the
first recorded breeding after sealing was in 1963; since then the pop-
ulation is thought to have increased by 12-20% per year (Page et al.,
2003). At the South Shetlands, recovery also was fast, with a possible
rate of pup production increase of 20% (Hucke-Gaete et al., 2004).

The Antarctic fur seal conservation status is listed as lower risk
and Least Concern by the IUCN. However, a number of threats
exist. Direct interactions with fisheries have been reported, particu-
larly in the South Georgia area. The problem has not had a signif-
icant impact because of good regulation and the use of mitigation
measures. A common problem is entanglement in man-made debris,
mostly from the fishing industry (Fig. 4). This has been documented
since the 1980s, but the effort of removing and reporting entangle-
ments is variable, and there are no good assessments for most areas.
The most thorough published study is from 1989 to 1990 on Bird
Island, which suggests that 0.1% of the population is affected. Most
entanglements were by young males, in polypropylene straps (pack-
aging bands), nylon string, fishing nets, and other materials (Croxall
and Boyd, 1990). Up to 30% of the entanglements caused physical
injury and less than 20% could be removed easily. The rate of entan-
glements appears to be increasing, possibly linked to illegal fishing
operations, especially in longlining. Entanglements have also been
reported on Bouvetgya Island and Marion Island (Hofmeyr et al.,
2002), although the rate of occurrence is very low, indicating that it
is not a real threat to the current population.

See Also the Following Articles

Hybridism = Southern Fur Seals

Figure 4 Young Antarctic fur seal male at Bird Island entangled
with a nylon rope loop from a fishing net.
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Antarctic Marine Mammals
IaNn L. Boyp

continent of Antarctica. Its southern boundary is defined by
the narrow coastal continental shelf of Antarctica itself. To the
north the boundary is defined by an oceanic frontal feature known as
the Antarctic convergence or southern polar frontal zone. The zone
marks the boundary between cold southern polar waters and temper-
ate northern waters. The ocean temperature can change by as much as

The Southern Ocean is the ocean subregion surrounding the
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10°C across the front, which may be only a few miles across. The polar
front is an important physical feature that determines marine mammal
distributions. It defines the normal southern extent of the distributions
of most tropical and temperate marine mammals (Fig. 1).

A second feature that is important to marine mammals in the
Antarctic is the annual sea ice. The seasonal change in sea ice cover
can lead up to 50% of the Southern Ocean being covered in ice during
late winter, but by late summer this can have contracted to 10% of the
winter maximum. These large seasonal fluctuations in the sea ice have
profound implications for the ecology of the Southern Ocean, includ-
ing that of marine mammals. Many marine mammals, including most
cetaceans, migrate north across the polar front in winter.

I. Antarctic Species

This section deals with true Antarctic species defined as those
species whose populations rely on the Southern Ocean as a habitat,
i.e., critical to a part of their life history, either through the provision
of habitat for breeding or through the provision of the major source
of food. Species that inhabit the subantarctic, which is generally seen
as including the islands that circle Antarctica in the region of the
polar front or the polar frontal zone itself, are not included.

The Southern Ocean accounts for about 10% of the world’s
oceans but it probably supports >50% of the world’s marine mammal

180°

Figure 1 Antarctica and the Antarctic Convergence, where waters of warmer northern seas meet colder Antarctic waters. This confluence
of waters of different temperatures occurs in some of the roughest seas known.
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biomass, including six species of pinnipeds, eight species of baleen
whales, and at least seven species of odontocete whales. Therefore, in
terms of the diversity of species, the Antarctic is host to only one-fifth
of the world’s pinniped and a little less than one-fifth of the world’s
cetacean species. This low diversity may be attributed partly to the
lack of land masses to cause isolation and speciation and also because,
although large in its total area, the Southern Ocean does not have the
diversity of habitats and prey species seen in other ocean basins.

Among the pinnipeds (Laws, 1984), there is one species from the
family Otariidae (eared seals, which include fur seals and sea lions)
and there are five species from the family Phocidae (earless or “true”
seals), but all of these come from a single subfamily, the Monachinae.
This list is as notable as much by its absences as it is for those that
are present. For example, there is no representative of the phocid
subfamily Phocinae, which contains a diverse collection of species
of Northern Hemisphere seals. There are also no representatives of
the subfamily Otariinae, which includes all of the sea lions, and there
is only one representative of the diverse Southern Hemisphere sub-
family Arctocephalinae, which includes the southern fur seals.

Where pinnipeds are concerned, evolutionarily it would appear
that there have been only two or three species immigrating into the
Antarctic. The main immigration was of an ancestral phocid, possibly
related to the nearly extinct tropical phocids of today known as monk
seals which gave rise to the four most closely related Antarctic phocids:
the crabeater seal (Lobodon carcinophaga), Weddell sea (Leptonychotes
weddellii), Ross seal (Ommatophoca rossii), and leopard seal (Hydrurga
leptonyx). At some later date it is likely that elephant seals (Mirounga
leonina) arrived. Although these seals extend their distribution into
south temperate latitudes, as much as 90% of the world population
relies on the Southern Ocean as a critical habitat. These were likely to
have been followed, or perhaps preceded, by Antarctic fur seals. The
taxonomic status of Southern Hemisphere fur seals, a group within
which eight species are currently recognized, is uncertain and it seems
probable that many of these are not true species but are instead subspe-
cies. Therefore, the Antarctic fur seal (Arctocephalus gazella) may sim-
ply be an Antarctic race or subspecies of the southern fur seal.

Among cetaceans (Brown and Lockyer, 1984), there are only
three Antarctic species within the highly diverse family Delphinidae,
which includes all of the dolphins and porpoises. These three are
the hourglass dolphin (Lagenorhynchus cruciger), long-finned pilot
whale (Globicephala melas), and killer whale (Orcinus orca). The
beaked whales are represented by only three species, because these
species are very difficult to identify in the field; it is possible that
among the very large number of these individuals that are found in
the Southern Ocean, several other species could be present.

II. Distribution and Abundance

Antarctic marine mammals can be divided ecologically among
those associated with fast ice, pack ice, or found in the open ocean.
Weddell seals are mostly associated with fast ice, Ross seals with
open water or pack ice. Leopard seals are animals mainly of the
pack ice zone, but they may also be found feeding at penguin and
seal colonies north of the pack ice zone. Crabeater seals travel
extensively within the pack ice zone and individuals may have a
potential range that extends to the total area of the Antarctic pack.
The same may be true for Ross seals, although relatively little is
known about the biology of these animals. They have been recorded
to migrate north of the pack ice zone. Weddell seals appear to be rel-
atively sedentary, forming more or less isolated populations around
the coast of Antarctica.
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Elephant seals are known to feed within the pack ice zone on
occasion, but they are mainly animals of the open oceans north of
the pack ice zone. Antarctic fur seals are sometimes found along the
boundary between the pack ice and the open ocean but, again, they
are mainly animals of the open ocean. Perhaps up to half of both the
Antarctic fur seal and southern elephant seal populations migrate
north of the polar front during the winter.

Toothed whales have a stratified distribution within the Southern
Ocean relative to the polar front and the edge of the pack ice (Fig. 2).
Some species, such as long-finned pilot whales and hourglass dolphins,
are more closely associated with the polar front, whereas others, such as
killer whales, are more often present close to the pack ice. Bottlenose
whales (Hyperoodon planifrons) and killer whales are the only ceta-
ceans regularly associated with a distribution within the pack ice zone,
but they are also present within the open ocean. Bottlenose whales
appear to be able to survive comfortably among almost continuous
sea ice cover. Killer whales have been recorded in pack ice in winter,
but the only baleen whale found regularly in the pack ice zone is the
minke whale (Balaenoptera bonaerensis). Other larger species, includ-
ing the sperm whale (Physeter macrocephalus), are restricted to the
open ocean, but during the summer they may feed along the bound-
ary between the pack ice and the open ocean. In general, these species
are absent from the Southern Ocean during the winter. In the case of
the sperm whale, only males are found within the Southern Ocean as
females remain north of the polar front throughout the year.

Marine mammal distributions are also affected by bathymetric
and oceanographic conditions. Southern right whales (Eubalaena
australis), which are possibly from the same population that winters
at Peninsula Valdes, Argentina, and along the coast of South Africa,
spend the summer foraging over the continental shelf of South
Georgia within the Southern Ocean. Baleen whale and Antarctic
fur seal abundance around South Georgia is also influenced by the
local oceanography so that there are regions of predictably high
abundance of these marine mammals at specific points along the
edge of the continental shelf. Southern elephant seals also appear to
migrate from breeding and molting grounds on subantarctic islands
to shallow regions along the coast of Antarctica. Most of these types
of preferences for different locations are assumed to reflect the dis-
tribution of food so that marine mammals migrate to the areas of
greatest food abundance.

Polar front Pack ice edge
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Position between the polar front and the ice edge

Figure 2 Distribution of odontocete whales in the Southern
Ocean relative to the southern polar front and the edge of pack ice.
Reprinted from Kasamatsu and Joyce (1995) with permission from
Cambridge University Press.
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The crabeater seal is probably the most abundant seal in the world,
with population somewhere between 7 and 14 million. There are con-
siderably fewer Weddell seals and leopard seals. Ross seals are rarely
seen and the total number is very uncertain, but it is probably the
least abundant Antarctic pinniped. The Antarctic fur seal population
is more than 3 million and is increasing at about 10% each year. In
contrast, the southern elephant seal population within the Antarctic
appears to have been relatively stable since the early 1960s, even
though the number of elephant seals breeding at sites outside the
Antarctic has declined steadily over the same period. The elephant
seal population at South Georgia is estimated at 470,000, which prob-
ably represents 58% of the world population of the species.

In general, whale populations are in a highly depleted state. Blue
whales (Balaenoptera musculus) are numbered in the hundreds for
the whole of the Antarctic, and the sighting of a blue whale is a rare
event. The number of fin whales (Balaenoptera physalus) appears
to be increasing, as are humpback whales (Megaptera novaeangliae)
and southern right whales.

Within the Antarctic, there are no significant threats to pinniped
species. However, some cetacean populations have been depleted to
such a high degree that several are endangered. In particular, blue
whales are so rare in the Antarctic that they are possibly close to
extinction from the area. Similarly, severely depleted southern right
whale and humpback whale populations have very specific migra-
tory routes between summering grounds in the Antarctic and winter
grounds in temperate and tropical regions, which make them more
vulnerable to threats such as disturbance, habitat loss, and reduced
genetic diversity.

ITI. Ecology

The presence of a large biomass of marine mammals in the
Antarctic is probably a result of the unusual food chain structure
of the Southern Ocean. The marine mammals of the Antarctic with
large numbers, such as crabeater seals and Antarctic fur seals, rely
on krill as their main food source (see Section IV). This is in contrast
to marine mammal communities elsewhere that rely mainly on a
fish-based diet. Energy enters the food chain through photosynthesis
and carbon sequestration by phytoplankton. The relative efficiency
with which this energy is passed up the food chain to predators with
a krill- or fish-based diet is illustrated in Fig. 3. The efficiency of
energy transfer at each step in the food chain can be as low as only a
few percent. The fewer steps there are between phytoplankton and
marine mammals, the more the energy will be transferred more effi-
ciently to marine mammals. In the Antarctic, there is on average one
less step than there is in other oceanic ecosystems, which has led to
the very large biomass of marine mammals found in the Southern
Ocean.

IV. Diet

Among seals, there is a progression of dietary specialization from
those that mainly eat krill to those that mainly eat fish (Fig. 4). The
leopard seal has seabirds and other seals as a major component of its
diet, and it is probable that some individuals specialize in feeding on
other seals or penguins instead of krill, fish, or squid. Among whales,
dietary specializations are divided along taxonomic lines between
odontocetes that mainly eat squid and mysticetes that forage prima-
rily on zooplankton.

The crabeater seal is one of the most ecologically specialized
of all seals because it feeds almost entirely on Antarctic krill that it
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Figure 3 Simplified diagram of energy flow to marine mammals as
top predators in marine food chains. This diagram shows the more
direct route of energy transfer in the southern ocean, vs the more
indirect route elsewhere. The percentage of the energy taken in by
phytoplankton that subsequently reaches the top predators is shown
at the top of the diagram.

gathers from the underside of ice floes where the krill themselves
feed on the single-celled algae that grow within the brine channels
in the ice. Antarctic fur seals also feed on krill to the north of the
Antarctic pack ice edge, and many of the other Antarctic seals rely,
to varying degrees, on krill as a source of food. Antarctic krill prob-
ably sustains more than half of the world’s biomass of seals and also
sustains a substantial proportion of the biomass of the world’s sea-
birds and whales.

Although the dentition of crabeater seals is modified to help
strain krill from the water, the feeding apparatus of the baleen
whales is the most highly modified for a diet of plankton. Krill is the
major component in the diet of most of the Antarctic baleen whales,
although copepods may also be strained from the water, especially
by right whales. The Antarctic krill, Euphausia superba, often
occurs in dense swarms in the open ocean, and the baleen whales
have probably evolved to exploit these dense patches of food. Baleen
whales eat 30-50 million tons of krill in the Antarctic each year and
seals probably eat a similar or slightly lower total amount as whales.
Consumption of squid by beaked whales and sperm whales is esti-
mated to be about 14 million tons each year. Killer whales prey on
fish and squid but also hunt seals and penguins. Pods of killer whales
have been observed tipping over ice floes to push crabeater seals into
the water in an effort to catch them.

V. Exploitation

Throughout the nineteenth and early twentieth centuries, the
Antarctic was viewed as an almost limitless source of marine mam-
mals to be hunted for skins, oil, and other products that found
expanding markets in Europe and North America. However indus-
trialization of whale and seal hunting brought both greater efficiency
and the inevitability that the resources would be exhausted, much to
the detriment of the ecology of the Antarctic and its populations of
marine mammals.
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Figure 4 Pie charts showing the composition of diets of Antarctic
seals.

There were three phases of exploitation: exploratory sealing (late
eighteenth and early nineteenth centuries), preindustrial sealing and
whaling (nineteenth century), and industrial whaling (twentieth cen-
tury). There are very few records of the exploratory sealing and the
preindustrial era. During the exploratory sealing era, exploitation was
mainly targeted at fur seals to supply skins for the Chinese market,
where there were turned into felt to supply the European market. By
about 1830, fur seals in the Antarctic and elsewhere in the Southern
Hemisphere had been all but extinguished. In 1825, James Weddell,
himself the captain of a sealing vessel, noted that “the number of
skins brought from off Georgia cannot be estimated at fewer than
1,200,000.” He was referring to South Georgia, where more than
95% of the current world population of Antarctic fur seals resides.
This species was considered to be extinct until the early 1920s when
whalers saw several individuals at South Georgia. Since then, the
numbers have increased rapidly and the population is conservatively
estimated to now be on the order of 3 million. The preindustrial era
was mainly targeted at whaling and the larger seals, particularly ele-
phant seals for their oil. This activity was mainly undertaken from
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Figure 5 Numbers of whales caught in the industrial whale har-
vest in the Southern Ocean.

sailing vessels. The introduction of steam power to the Antarctic was
largely responsible for the transition to industrial whaling.

Industrial whaling began in the early years of the twentieth cen-
tury. This industry operated for more than 60 years and in that time
it removed about 71 million tons of whale biomass involving 1.4 mil-
lion individual whales from the Antarctic; about 10% of these were
taken at South Georgia. Antarctic fur seals feed on krill (Fig. 4), and
may have benefited by the reduction in numbers of krill feeding
whales and therefore had less competition for their food.

The industry was selective about which species of whales it tar-
geted. The largest and most profitable were selected first, followed
by progressively smaller species (Fig. 5). Eventually, the industry
became unprofitable because only minke whales were left to exploit
and these were too small to be profitable.

VI. Conservation Measures

Concerns about the effects of industrial whaling on the popula-
tions of whales began early in the industrial era. By the early 1920s,
the “Discovery Investigations” had been established to deter-
mine whale populations mainly around South Georgia. These were
funded by a levy on the industry, but they were free from control
of the industry. They are one of the first examples of the fledgling
field of ecology being used to solve a wildlife management problem.
Even though the “Discovery Investigations” made ground-breaking
scientific progress and were influential in the introduction of some
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conservation measures, they came too late to influence the power
of the industry and the fate of the populations of whales in the
Southern Ocean.

The story of overexploitation of a marine resource in the Southern
Ocean repeated itself in the 1960s and 1970s when industrial fisheries
targeted the fin fish populations and reduced them to uneconomic lev-
els. This stimulated a renewed effort to ensure that there was proac-
tive conservation of marine living resources in the Southern Ocean.
The result was the Convention for the Conservation of Antarctic
Marine Living Resources (CCAMLR) and the Convention for the
Conservation of Antarctic Seals (CCAS), which came into effect
in 1982 and 1978, respectively. One of the unique features of the
CCAMLR convention is that it accepts that exploitation has effects on
components of the ecosystem far beyond those that are being targeted
for exploitation (Kasamatu and Joyce, 1995). This means that any
proposals for the exploitation of living resources in the Antarctic must
consider the effects that such exploitation is likely to have on marine
mammals, whether or not they are the target species. Therefore, even
though marine mammals enjoy legal protection in the Antarctic from
unregulated exploitation under the environmental protocol within the
Antarctic Treaty, they are also protected from other activities within
the Southern Ocean ecosystem. Only time will tell if this is sufficient
to ensure their long-term survival.

See Also the Following Articles
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I —
Archaeocetes, Archaic

J.G.M. THEWISSEN

rchaeocetes is the common name for a group of primitive
whales that lived in the Eocene Period (~55-34 million

years). Archaeocetes are important because they represent
the earliest radiation of cetaceans and because they include the
ancestors of the two modern suborders of cetaceans, the Mysticeti
(baleen whales) and Odontoceti (toothed whales). Archaeocetes are
also the main source of information about the great morphological
changes that were associated with the acquisition of aquatic features
in cetaceans (Zimmer, 1998). The first archaeocete whales (Pakicetus
in Fig. 1) looked, externally, nothing like modern whales, instead
their bodies resemble wolves with long snouts and powerful tails.
Later archaeocetes look more like crocodiles, otters, or sea lions, and
it is not until about 39 million years ago that basilosaurid cetaceans
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Figure 1 Five cetaceans that lived in the Eocene. Clockwise from
top: the basilosaurid Dorudon (~39 million years old); the ambu-
locetid Ambulocetus (~49 million years old); the pakicetid Pakicetus
(~50 million years old); the remingtonocetid Kutchicetus (~45 mil-
lion years old); and the protocetid Rodhocetus (~45 million years
old). Note the increase of aquatic adaptations from Pakicetus, the ear-
liest whale, to Dorudon, one of the last archaeocetes. Hlustration from
Thewissen and Williams, 2002.

can easily be recognized as whales. The archaeocete families docu-
ment that Eocene cetacean evolution is characterized by increasing
aquatic adaptations, documenting amphibious stages that preceded
obligate aquatic life in the late Eocene whales (basilosaurids).

Five families of cetaceans are commonly included in archaeocetes:
Pakicetidae, Ambulocetidae, Remingtonocetidae, Protocetidae, and
Basilosauridae (Williams, 1998). Basilosaurids (also called zeuglo-
donts) are discussed separately in this volume, and the remaining four
families are treated here.

Pakicetidae are only known from the early-to-middle Eocene and
lived approximately 50 million years ago in India and Pakistan. Many
parts of the skeleton of pakicetids are known, including a number of
skulls (Thewissen et al., 2001). Basically, pakicetids varied from fox-
to wolf-size. The nasal opening of pakicetids was near the front of
the head, and the eyes faced dorsally, similar to crocodiles. Pakicetids
had small brains flanked by enormous chewing muscles. The skull
and dentition of pakicetids do not resemble those of modern whales
and dolphins, but the ear of pakicetids clearly shows that they were
cetaceans: there is thick internal lip of bone on the middle ear (the
involucrum), and the ear ossicles are pachyostotic and oriented dif-
ferently from those of other mammals. The limb bones of pakicetids
were also very dense, probably as a means to counteract buoyancy,
and allow them to wade in water (Gray et al., 2006). Pakicetid fos-
sils are only found in freshwater deposits and most are known from
deposits that represent shallow ephemeral streams in an arid climate,
it is unlikely that pakicetids were good swimmers. Three genera are
included in Pakicetidae: Pakicetus, Ichthyolestes, and Nalacetus.

Ambulocetids are known from middle Eocene rocks in northern
India and Pakistan. There are fewer than 10 described ambulocetid
fossils, but one of these consists of a nearly complete skeleton of a
single individual of Ambulocetus natans (Thewissen et al., 1994,
1996). Ambulocetus resembled a crocodile in some respects, with
short limbs, and a powerful body and tail. It had a large head, with
a long snout and eyes that were dorsal on the skull, but faced lat-
erally. The teeth are robust and strongly worn. Skull and vertebrae
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indicate that the muscles of the head and neck were strong, indicat-
ing that Ambulocetus was a powerful animal. The shape of the lower
jaw of Ambulocetus, unlike that of the pakicetids, shows that there
was an unusual soft tissue connection between the back of the jaw
and the middle ear. In modern odontocetes, this connection consists
of a large fat pad that functions as part of the sound-receiving sys-
tem. This connection is small in Ambulocetus and was probably not
as important functionally as it is in modern cetaceans. It does show
that hearing adaptation arose early in cetacean phylogeny (Nummela
et al., 2004). The hindlimbs were relatively short, but the feet were
long, and there were four toes. The long paddle-shaped feet indi-
cate that it swam like a modern otter, by swinging its hindlimbs
through the water and creating additional propulsive force with its
tail (Thewissen and Fish, 1997). The forelimbs were short, with five
fingers that each terminated in a short hoof. The hands were much
shorter than the feet. The skeleton of Ambulocetus indicates that it
was probably slow on land. Ambulocetus was probably an ambush
hunter, attacking prey in or near shallow water. This method of hunt-
ing is used by modern crocodiles.

Ambulocetus is only known from nearshore marine environments,
including estuaries or bays. Geochemical analyses of ambulocetid
bones indicate that it drank a mixture of fresh and seawater and
that different individuals may have inhabited different microenvi-
ronments (Roe et al., 1998). Genera included in Ambulocetidae are
Ambulocetus, Gandakasia, and Himalayacetus.

Remingtonocetids are only known from India and Pakistan, from
sediments approximately 46 to 43 million years old (Kumar and Sahni,
1980; Bajpai and Thewissen, 1998). Dozens of remingtonocetid fossils
have been described, but most of these document only the morphol-
ogy of skull and lower jaw. Dental and postcranial remains are scarce.
The smallest remingtonocetids may have been as small as Pakicetus,
and the largest may have been close in size to Ambulocetus. All early
cetaceans had long snouts, but those of remingtonocetids are propor-
tionally even longer than those of other archaeocetes. Skull shape var-
ied between different remingtonocetid genera and possibly reflected
different dietary specializations. In Andrewsiphius the snout is very
narrow and high, and the chewing muscles are weak, suggesting that
it may have eaten small, slippery fish. In Remingtonocetus, the snout is
rounded and robust, and the chewing muscles are large, as would be
expected in an animal that attacks larger, struggling prey. No reming-
tonocetid displays the robust masticatory morphology of Ambulocetus.
The nasal opening of remingtonocetids is near the front of the skull,
similar to pakicetids. The eyes are small, unlike ambulocetids and
protocetids. The ear of remingtonocetids is larger than that of paki-
cetids and ambulocetids, and the connection between the lower jaw
and the ear is larger than in ambulocetids. The ears are also set far
part, possibly to increase directional hearing. These features are con-
sistent with an increased emphasis on underwater hearing in reming-
tonocetids. Behind the skull, the remingtonocetid skeleton indicates
that the neck was long and mobile and that the hindlimbs were large.
Remingtonocetids were certainly able to support their body weight
with their limbs, similar to ambulocetids.

The most primitive and oldest remingtonocetid is Attockicetus.
It is found in the same deposits as Ambulocetus. The other rem-
ingtonocetids are known from marine, nearshore deposits and may
have lived in bays and saltwater swamps. Stable isotope geochem-
istry indicates that remingtonocetids ingested seawater (Clementz
et al., 2006). Remingtonocetid genera include Remingtonocetus,
Andrewsiphius, Attockicetus, Dalanistes, and Kutchicetus.

Protocetids are found in middle Eocene rocks in Indo-Pakistan,
Africa, Europe, and North America. Protocetids have never been

47

found at localities with pakicetids or ambulocetids, they are a later
radiation, overlapping, partly with remingtonocetids. Protocetids are
the oldest whales to disperse across the oceans, although they prob-
ably only inhabited the warm seas near the tropics. Many protocetid
genera are known, and several of these include several partial skel-
etons (Gingerich et al., 1994, 2001; Hulbert, 1998). Protocetids are
diverse, their average size was similar to that of Ambulocetus.
Protocetids had long snouts, large eyes, and their nasal opening
was farther caudally than in earlier archaeocetes. This suggests that
protocetids could breathe while holding much of their head horizon-
tally, similar to modern cetaceans and foreshadows the origin of the
cetacean blowhole. The teeth of protocetids vary between genera,
with some showing specializations for crushing hard prey, and oth-
ers for shearing meat. It is likely that protocetids were active hunters
of marine animals, possibly similar to modern pinnipeds. Protocetid
locomotor morphology was varied. In general, the tail is well devel-
oped and was probably involved in creating propulsive forces. The
hind limbs are reduced, and in some species the innominate (pel-
vis) is not connected by bone to the vertebral column, suggesting
that the hind limb did not support the body weight. There are no
fossils that document all of protocetid hind limb morphology, but
some preserved elements suggest that the hind limbs were short.
Indo-Pakistani protocetids inhabited the same environments as the
remingtonocetids, and protocetids from other continents are known
from shallow marine environments. Known genera of protocetids
are Protocetus, Babiacetus, Eocetus, Georgiacetus, Indocetus,
Natchitochia, Pappocetus, Rodhocetus, Takracetus, Artiocetus,
Rodhocetus, Qaisracetus, Gaviacetus, and Carolinacetus.

See Also the Following Articles

Basilosaurids m Cetacea, Overview m Cetacean Evolution m
Paleontology

References

Bajpai, S., and Thewissen, J. G. M. (1998). Middle Eocene cetaceans from
the Harudi and Subathu formations of India. In “The Emergence
of Whales, Evolutionary Patterns in the Origin of Cetacea” (J. G. M.
Thewissen, ed.), pp. 213-233. Plenum Press, New York.

Clementz, M. T., Goswami, A., Gingerich, P. D., and Koch, P. L. (2006).
Isotopic records from early whales and sea cows: Contrasting patterns
of ecological transition. . Vertebr. Paleontol. 26, 355-370.

Gray, N.-M., Kainec, K., Madar, S., Tomko, L., and Wolfe, S. (2006). Sink
or swim? Bone density as a mechanism for buoyancy control in early
cetaceans. Anat. Rec.: Adv. Integr: Anat. Evol. Biol. 290, 638-653.

Gingerich, P. D., Raza, S. M., Arif, M., Anwar, M., and Zhou, X. (1994).
New whale from the Eocene of Pakistan and the origin of cetacean
swimming. Nature 368, 844-847.

Gingerich, P. D., Haq, M., Zalmout, I. S., Khan, I. H., and Malkani, M. S.
(2001). Origin of whales from early artiodactyls: Hands and feet of
Eocene Protocetidae from Pakistan. Science 293, 2239-2242.

Hulbert, R. C. (1998). Postcranial osteology of the North American mid-
dle Eocene protocetid Georgiacetus. In “The Emergence of Whales,
Evolutionary Patterns in the Origin of Cetacea” (J. G. M. Thewissen,
ed.), pp. 235-268. Plenum Press, New York.

Nummela, S., Thewissen, J. G. M., Bajpai, S., Hussain, S. T., and
Kumar, K. (2004). Eocene evolution of whale hearing. Nature 430,
776-778.

Roe, L. J., Thewissen, J. G. M., Quade, J., O'Neil, J. R., Bajpai, S.,
Sahni, A., and Hussain, S. T. (1998). Isotopic approaches to understand-
ing the terrestrial to marine transition of the earliest cetaceans. In “The
Emergence of Whales, Evolutionary Patterns in the Origin of Cetacea”
(J. G. M. Thewissen, ed.), pp. 399-421. Plenum Press, New York.




48

Thewissen, J. G. M., and Fish, F. E. (1997). Locomotor evolution in the
earliest cetaceans: Functional model, modern analogues, and paleon-
tological evidence. Paleobiology 23, 482-490.

Thewissen, J. G. M., and Williams, E. M. (2002). The early evolution of
Cetacea (whales, dolphins, and porpoises). Annual Review of Ecology
and Systematics 33, 73-90.

Thewissen, J. G. M., Hussain, S. T., and Arif, M. (1994). Fossil evidence
for the origin of aquatic locomotion in archaeocete whales. Science
263, 210-212.

Thewissen, ]. G. M., Madar, S. L., and Hussain, S. T. (1996). Ambulocetus
natans, an Eocene cetacean (Mammalia) from Pakistan. Courier
Forschungs-Institut Senckenberg 190, 1-86.

Thewissen, J. G. M., Williams, E. M., Roe, L. J., and Hussain, S. T.
(2001). Skeletons of terrestrial cetaceans and the relationship of
whales to artiodactyls. Nature 413, 277-281.

Williams, E. M. (1998). Synopsis of the earliest cetaceans: Pakicetidae,
Ambulocetidae, Remingtonocetidae, and Protocetidae. In “The
Emergence of Whales, Evolutionary Patterns in the Origin of Cetacea”
(J. G. M. Thewissen, ed.), pp. 1-28. Plenum Press, New York.

Zimmer, C. (1998). “At the Water’s Edge: Macroevolution and the
Transformation of Life.” Free Press, New York.

Arctic Marine Mammals

Jonn J. Burns

I. Northern Ice-Covered
Marine Environments

raditionally the Arctic is viewed as an ill-defined region
Taround the North Pole that was further subdivided into
the high arctic and the low arctic. We are here concerned
with much broader, although still poorly defined, areas within which
ice-associated bears, pinnipeds, and cetaceans occur. Some fresh-
water seals are included. It is useful to think in terms of regional
climate, oceanography, annual ice dynamics, and life history strate-
gies. For most marine environments, the definitions advanced by
Dunbar (1953) are particularly useful. The arctic seas are those in
which unmixed polar water from the upper layers of the Arctic Ocean
occurs in the upper 200-300m. A large portion of this zone is ice cov-
ered throughout the year. The maritime subarctic includes those seas
contiguous with the Arctic Ocean in which the upper water layers are
of mixed polar and nonpolar origin. There are, however, some non-
contiguous subarctic seas (no water of polar origin) adjacent to terres-
trial ecosystems that lie in the subarctic zone. Examples include the
Okhotsk Sea, the northern part of the Sea of Japan (Tartar Strait), the
Bohai Sea, Lake Baikal in Siberia, and Cook Inlet in Alaska (Fig. 1).
In the subarctic, there is a complete annual ice cycle, from formation
in autumn to disappearance in summer. Finally, there are areas in the
temperate zone where unique climate conditions produce a winter ice
cover of relatively short duration. Such areas include the Baltic Sea,
the northern Yellow Sea, and the western Sea of Japan.

An estimate advanced in 2005 indicated that over the period
1979-2001, in September, the average annual minimum extent of
sea ice was 8 million km?, restricted mainly to the Arctic Ocean. The
average maximum extent in March was 15 million km?, including all
of the subarctic seas (or parts thereof), and parts of some in the tem-
perate zone. Most species of the so-called arctic marine mammals
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are associated with the seasonal ice during the breeding period. They
cope with the annual expansion and contraction of the ice cover in
a variety of different species-specific ways. Clearly, there are many
kinds of ice-dominated habitats formed in response to factors such
as regional climate, weather, latitude, currents, tides, winds, land
masses, proximity of open seas, and others.

II. Sea Ice Habitats

Sea ice in the Arctic and subarctic occurs in more complex forms
than ice in the Antarctic. This is because of the central location of the
Arctic Ocean with its perennial drifting ice, its partially landlocked
nature, and the complexity of the subarctic seas encircling it. The
annual expansion and contraction of the ice cover provides conditions
ranging from the thick and relatively stable multiyear ice of the high
latitudes to the transient and highly labile southern pack ice margins
that border the open sea. Marine mammals must have regular access
to air above the ice, as well as to their food in the ocean below it.
During the breeding season, the ice on which pinnipeds haul out must
be thick enough and persist long enough for completion of the critical
stages of birth, nurture of their young, and, in many cases, comple-
tion of the annual molt. Additionally, by virtue of location, behavior,
reproductive strategies, and/or physical capabilities, they must be
able to avoid excessive predation on dependent and often nonaquatic
young. All of the marine mammals must also cope with the great
reduction or complete absence of ice during the open water seasons.

There are many different features of the varied types of ice cover
that provide marine mammals access to air and allow the pinnipeds
to haul out. There are also some features, characteristics, or types
of ice that exclude most marine mammals. Important ice features
or types include stable land-fast ice (excludes most marine mam-
mals); annually recurring persistent polynyas (irregular shaped areas
of open water surrounded by ice); recurrent stress and strain cracks,
coastal and offshore lead systems (long linear openings); zones of
convergence and compaction (as against windward shores or in con-
strictions such as narrow straits); zones of divergence (where bound-
ary constraints are eased); the generally labile pack ice of the more
southerly seas; and the margins or front zones of broken ice, the char-
acteristics of which are strongly influenced by the open sea (Fig. 2).
Ice margins are particularly productive in that ice-edge blooms of
phytoplankton and the associated consumers extend many tens of
kilometers away from them.

III. The Role of Sea Ice

There are great differences in how marine mammals exploit ice-
dominated environments (Fig. 2). Many are a function of evolutionary
constraints imposed on the different lineages of mammals. Polar
bears (Ursus maritimus) are the most recent arrivals in the high-lat-
itude northern seas, having evolved directly from brown bears (U.
arctos). They utilize relatively stable ice as a sort of terra infirma on
which to roam, hunt, den, and rest (Fig. 3). Like their contempo-
rary terrestrial cousins, they are generally not faced with the prob-
lem of ice being a major barrier through which they must surface to
breathe. Cetaceans are at the other extreme. They live their entire
lives in the water and have limited (though differing) abilities to
make breathing holes through ice and are therefore constrained to
exist where natural openings or thin ice are present. Pinnipeds spend
most of their time in the water, but they must haul out to bear their
young. Most of them also haul out on ice to suckle their young, to
molt, and to rest.
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Figure 1 Map of the Arctic Ocean and adjacent seas depicting the average maximal
(March) and minimal (September) annual extent of sea ice over the period 1979-2001.
Courtesy of M. C. Serreze, NSIDC, Boulder, CO).

Figure 2 Typical sea ice of the southeastern Bering Sea front zone
in March/April. An aggregation of spotted seals is present.

For cetaceans, obvious benefits are protection from predators,
access to ice-associated prey without competition from other ani-
mals, and a less turbulent winter environment shielded from perpet-
ual and often storm force winds.

Figure 3 Tracks of a polar bear (Ursus maritimus) roaming on
land-fast ice of the central Beaufort Sea in early spring.

Pinnipeds have flourished in ice-dominated seas both in terms of
the number of different species and the number of individuals. All
are obliged to haul out either on land or on ice for at least part of the
year. As noted by Fay (1974), ice has several special advantages over




land, including isolation from many predators and other disturb-
ing terrestrial animals; vastly increased space away from seashores;
a variety of different habitats that accommodate more species than
does land; easy access to their food supply, especially for those that
are benthic feeders, or that utilize concentrations of prey associated
with ice fronts and polynyas; passive transportation to new feeding
areas and during migrations; sanitation resulting from the ability to
avoid or reduce crowding and to haul out on clean ice; and shelter
among pressure ridges or in snow drifts.

IV. Ice-Breeding Marine Mammals

Ice-breeding marine mammals in the Northern Hemisphere
include eight pinnipeds: gray (Halichoerus grypus) (some popu-
lations), harp (Pagophilus groenlandicus), hooded (Cystophora
cristata), bearded (Erignathus barbatus), ringed (Phoca hispida),
spotted (Phoca largha), ribbon seals (Histriophora fasciata), and the
walrus (Odobenus rosmarus); three cetaceans: narwhal (Monodon
monoceros), beluga (or belukha) (Delphinapterus leucas), and bow-
head whale (Balaena mysticetus); and one fissiped—the polar bear.

A. Pinnipeds

A common theme in the ecology of ice-breeding pinnipeds is that
of an obligatory, or nearly obligatory, association with ice during the
breeding season, which occurs during or shortly after the period of
maximal ice extent and relative stability. Seal pups become independ-
ent during the spring onset of ice disintegration and retreat. Most
species also molt on the ice, after which they disperse to a variety of
habitats during the open water season, a few continuing to remain
with the diminishing cover. They resume their increasing association
with ice during autumn, as it again forms and expands. They haul
out on the ice in all seasons during which it is present, although with
highly variable frequency depending on species and weather. The
maximum number of species and the greatest total number of seals
are associated with ice when it is most extensive, and vice versa.

The soft natal fur, or lanugo, of most seals born on ice or in snow
lairs, and remaining in one place for long periods of time, is primarily
an adaptation for maintaining body heat. Such pups tend to be small,
have little insulating blubber, and have a relatively large surface
area to body volume ratio at birth. White-coated pups presumably
also benefit from the cryptic coloration it provides during the period
before they are weaned and begin to enter the water. Prenatal molt-
ing occurs in those ice-breeding pinnipeds that are relatively large at
birth and can enter the water within hours or days. Detailed discus-
sions of northern ice-breeding seals are presented in the following
species accounts, although general comments are noted below.

Gray seals are usually not included in the ice-associated marine
mammals category. However, some populations breed on the ice. Gray
seals largely inhabit the temperate zone in the North Atlantic region.
Their distribution is coastal, often in association with harbor seals (Phoca
vitulina). There are three populations: those in the Baltic Sea, the east-
ern North Atlantic, and the western North Atlantic. There is a very wide
range in timing of the breeding season. In the eastern Atlantic, pups
are born on shore during late autumn to early winter. In both the Baltic
and the western Atlantic, however, pups are born during mid- to late
winter on ice near shore, or on shore when ice is absent. At birth, gray
seals weigh about 15kg. In all populations almost all pups are born with
a silky, whitish coat of lanugo that is retained during the nursing period.
They remain on ice or land until after weaning. The late pupping season
of the marginally ice-associated breeding populations is thought to be an
adaptation to that environment. Grey seals move extensively, although
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they are not considered to be migratory. None are associated with sea
ice during late spring through autumn.

Spotted seals (or larga seals) occur in continental shelf waters of
the Pacific region that are seasonally ice covered. During winter and
spring they mainly inhabit the temperate/subarctic boundary areas,
occurring in the southern ice front (mainly) of the Bering and Okhotsk
seas or in the very loose pack ice of the northern Yellow Sea and Sea
of Japan. The birth season is from January through April, depend-
ing on latitude. All populations give birth and nurture their pups on
the ice, although pups are occasionally born on shore. Newborn pups
weigh about 10kg and have a dense, whitish, wooly lanugo, which is
shed toward the end of the month-long nursing period. Seals older
than pups usually haul out on the ice to molt, although they also use
land when the ice disappears early. As the seasonal ice disintegrates
and recedes, all spotted seals disperse, moving to the ice-free coastal
zone where they use haulouts on land. The seasonal dispersal can be
extensive: in the Okhotsk Sea to its entire perimeter and from the cen-
tral Bering Sea to most of its perimeter, as well as northward into the
northern Chukchi and Beaufort seas. Therefore, some spotted seals
reside in the higher latitudes of the subarctic zone during the open
water season. They range widely over the continental shelves. There is
a close association with sea ice during autumn through spring.

Ribbon seals are animals of the temperate and temperate/subarctic
boundary zones in the North Pacific region. Breeding populations
are in the Bering and Okhotsk seas and Tatar Strait. During the open
water season, they live a completely pelagic existence in the cold
temperate waters along and beyond the continental shelves, often
far from the locations of their winter habitat. The breeding cycle is
similar to that of the spotted seal, and the two occur in relative close
proximity to each other during late winter and spring. At the time of
pupping and molting, ribbon seals utilize ice of the inner ice front
where floes are larger, thicker, more deformed, and more snow cov-
ered than in the adjacent ice margin favored by spotted seals. They
are noted for hauling out on very clean ice. They pup in late March
and April. At birth the pups weigh about 10.5kg and have a coat of
dense, white lanugo. During the nursing period the pups remain on
the ice and gradually shed their lanugo. They remain on the ice for
some time after they are weaned. In the opinion of this writer, the
preference for heavier ice of the inner front, which persists longer
than that of the spring ice margin, is because it permits all age classes
of these otherwise pelagic seals to haul out until the molt is com-
pleted. Ribbon seals do not come ashore unless debilitated. They
appear to be the pinniped analog of the Dall’s porpoise (Phocoenoides
dalli) during the pelagic phase of their annual cycle (June through
late autumn), dispersing near the shelf breaks and the deeper waters
beyond. They have the morphological and physiological attributes of
a seal that can dive to great depths and remain submerged for a long
time. In the Bering Sea, relatively few move north of their breeding
range, except during years of minimal spring ice cover.

Harp seals occur in the North Atlantic region. There are three
breeding populations: those of the White Sea, the Greenland Sea and
the Gulf of St. Lawrence. They are a gregarious and highly migra-
tory species that lives primarily in the subarctic zone during winter
and spring and is broadly distributed in the open sea from the coastal
zone to near the ice margin during the open water season. The birth
period extends from late January to early April, depending on the
region. During the pupping season they form large aggregations in
which pups are born in close proximity to each other (often closer
than 2.5m). They prefer large ice fields within the ice front, usu-
ally at some distance from the pack ice margins. Here the floes are
extensively deformed and ridged, providing shelter to the otherwise
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exposed pups. At birth the pups weigh about 11.8kg and have a coat
of dense white lanugo. The nursing period lasts from 10 to 12 days and
they fast, remaining on the ice floes, for some time after weaning. mat-
ing, which occurs after pups are weaned, is followed by the molt. As
with the ribbon seal (which is also pelagic after the molt) it seems that
the preference of harp seals for the thicker and more stable ice of the
inner front zone is because it provides the selective advantage of per-
sisting until the molt is completed. Harp seals make one of the long-
est annual migrations of any pinniped; some travelling more than 3000
miles from wintering to summering areas. Part of the spring migration
is passive as the seals drift on the receding ice.

Hooded seals are a high subarctic, strongly migratory, deep water
species that occur in the North Atlantic region and have pups, or
whelps, in four different areas: near Jan Mayen, in Davis Strait, off the
Labrador coast, and in the Gulf of St. Lawrence. Shifts to heavier ice
in the more northerly whelping areas reportedly occur during periods
of warmer climate and diminished ice (drift ice pulsations). Pups are
mainly born on thick heavily ridged ice floes well within the subarc-
tic pack during late March and early April. At birth, the pups weigh
about 22kg (relatively large) and are comparatively precocious. Their
lanugo is shed in utero and their birth coat (the blue-back stage) does
not resemble the pelage of adults. The nursing period is amazingly
brief, averaging 4 days, during which the mothers remain on the ice
with their pups. Pups enter the water shortly after weaning, although
they spend considerable time on the ice during the postweaning fast.
Mating occurs after lactation, and molting after mating. They migrate,
both passively on the drifting ice and by swimming, and disperse
widely in the open sea (to the Grand Banks), near high latitude shores,
and along the edge of the summer pack ice. Extralimital occurrences
are common, even to the North Pacific region.

Bearded seals are primarily benthic feeders that have a circumpo-
lar distribution in arctic and subarctic seas. They have evolved in the
face of heavy predation pressure by polar bears. Their range broadly
overlaps that of all the other ice breeding pinnipeds. They are the
least selective of the seals with respect to ice type, provided that it
generally overlies water of less than about 200 m deep. Bearded seals
are usually solitary and occur from the southern ice margins and
fronts (few) to the heavy drifting pack around the rim of the arctic
basin, although infrequently in landfast and multiyear ice. Within the
heavier pack ice they occur mainly in association with those features
that produce open water or thin ice (polynyas, persistent leads, flaw
zones, etc.). They are capable of breaking holes in thin ice (<10cm)
and can make or at least maintain breathing holes in thicker ice,
with their stout foreclaws. The large pups (about 34kg) are usually
born on the edges of small detached, first year floes very close to the
water. The lanugo is shed in utero. The pups can swim from birth
if necessary, and usually do so, at least in order to move away from
the afterbirth. Beyond that they remain on the ice for a day or so.
Nursing, which is usually on the ice, lasts 1218 days, during which
time the pups spend a considerable amount of time in the water and
begin independent feeding prior to the end of the nursing period.
Mating occurs after pups are weaned. The main period of molt is
during May and June, and the greatest numbers of all age classes
haul out on the ice during that time. However, molting seals are
encountered throughout the year. In some areas, such as the Bering
and Chukchi seas, the adults and most juveniles migrate to maintain
a loose year-round association with ice. They haul out on it through-
out the year, although infrequently during winter. In areas where ice
disappears during summer (i.e., the Okhotsk Sea) or recedes beyond
the continental shelf, they occur in the open sea, in near shore areas,
in bays and estuaries, and sometimes haul out on land.

Ringed seals have a circumpolar distribution that includes the arc-
tic and subarctic seas. They have evolved in the face of heavy preda-
tion pressure, primarily by arctic foxes, which take pups, and polar
bears, which take all age classes. Unique species and subspecies of
the subgenus Pusa also occur as landlocked populations in Eurasia
and include the seals of lakes Baikal, Ladoga, and Saimaa, as well as
the Caspian Sea. Ringed seals are the most numerous and widely dis-
tributed of the northern ice-associated pinnipeds. During winter to
early summer they utilize all ice habitats from the drifting ice margins
and fronts (relatively few) to thick stable shore-fast and multiyear ice.
Their range extends farther north and includes areas of heavier ice
cover than that of any other marine mammal except the polar bear.
They occur from shallow coastal waters to the deep of the Arctic
Basin. During winter through late spring the adults tend to be solitary
and territorial and are most abundant in moderate to heavy pack and
shore-fast ice. Ringed seals can make and maintain holes through the
ice and crawl out to construct snow lairs above them. In regions where
conditions permit, they migrate and maintain a year-round associa-
tion with ice. In some regions where the pack ice completely or mostly
disappears during summer (i.e., the Okhotsk Sea, Baffin Bay, Lake
Baikal) they move to nearshore areas and sometimes haul out on land.

Pups are born during late March through April, in snow lairs or
cavities in pressure ridges. The pups are small, averaging about 4kg
at birth, and have a thick woolly lanugo, which is usually shed by the
end of the nursing period. Lactation lasts 4-6 weeks. Pups mostly
remain in the birth lair for the first several days but are soon capa-
ble of entering the water and periodically returning to a lair. Mating
occurs after the nursing period and is followed by the molt. The peak
period of molt in nonpups is during May and June, when the seals
haul out above collapsed (melted) lairs, at enlarged breathing holes,
or next to natural openings in the ice. Ringed seals are extremely
wary when hauled out. During the open water season, depending on
the region, they occur in the much reduced pack ice and in open
water over a broad area. In some regions they haul out on land.

Walruses are the largest and most gregarious of the ice-breeding
northern pinnipeds. They have a discontinuous although nearly cir-
cumpolar distribution around the perimeter of the Arctic Ocean
and the contiguous subarctic seas. They are benthic feeders mainly
restricted to foraging in waters less than 110m deep. In all areas,
their distribution is limited by water depth and in some (i.e., the
East Siberian, Laptev, and Kara seas) it is further constrained by
severity of ice conditions. In most regions, walruses haul out on
ice in preference to land. However, during the open water season,
they (mainly males) use land haulouts near the wintering grounds
and, in more northerly areas, most come ashore to rest when ice drifts
beyond shallow water, as occurs frequently in the Chukchi Sea. During
autumn, walruses that migrate southward ahead of the advancing ice
also come ashore to rest. All populations are associated with seasonal
pack ice during winter to spring/early summer. They mainly use mod-
erately thick floes well into the winter/spring ice cover. The combined
requirements for floes low enough to haul out on, but thick enough to
support these large animals (usually herds of them) and that are also
over shallow productive continental shelves, make walruses particularly
dependent on regions within which persistent natural openings are
present. They make (batter) holes through ice as thick as 22cm, using
the head, and sometimes maintain them with the aid of their tusks.

Calves are born mainly in early May, which for the Bering Sea
population is during the northward spring migration of females,
calves, subadults, and some adult males (Fig. 4). Walruses shed their
lanugo in utero. Calves are born on the ice. They weigh about 60kg
and enter the water from birth, although they haul out frequently.
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Cows with young calves often form large nursery herds and migrate
passively on the drifting ice, as well as by swimming (Fig. 5). The
nursing period lasts more than a year. Walruses haul out in all
months of the year.

B. Cetaceans

The ice-associated cetaceans include two odontocetes (toothed
whales), the beluga and the narwhal, and one mysticete (baleen)
whale, the bowhead. None have a completely circumpolar distribu-
tion. Morphological adaptations to ice seem minimal and include the
lack of a dorsal fin in all three and the high “armored” promontory
(also termed a “stack”) atop which the blowholes of the bowhead
are situated. In winter all three species occur in drifting ice where
there are persistent natural openings or where the ice cover is thin.
Polynyas, shear zones, and leads are important features for them in
the regions of heavy pack ice.

The narwhal is a North Atlantic species of the high subarctic and
low arctic, which, in winter, consistently occurs in regions of heavy
drifting ice over deep water or shelf edges. Adult males have a unique,

Figure 4  Small herds of walruses (Odobenus rosmarus) including
females, calves, and subadults on scattered mid-summer ice floes in
the eastern Chukchi Sea.

long unicorn-like tusk which is presumably used in male sexual display.
The largest population is that in Davis Strait and Baffin Bay. Seasonal
movements of narwhals are directly tied to the advance and retreat of
ice. During summer they move to high-latitude, ice-free coastal and
nearshore areas, which are often penetrated by deep fjords. Calves are
born during the summer, reportedly during July and August, and are
nursed for more than a year. This whales™ preference for heavy pack
ice during winter and spring makes them particularly vulnerable to
entrapment during periods of rapid ice formation or when the pack
becomes tightly compressed. Most episodes of entrapment are prob-
ably brief, though prolonged confinement and rapid ice formation
sometimes result in death either by drowning or by polar bears, for
which entrapped whales are easy and plentiful prey. Confined whales
are also harvested by Inuit hunters whenever they are found.

Beluga whales have a nearly circumpolar distribution that extends
from roughly 48°N (the Gulf of St. Lawrence and the northern Sea
of Japan) into the summer multiyear pack of the Arctic Ocean.
During winter, they are most abundant near the southern ice mar-
gins and fronts and as far into the seasonal pack as conditions permit.
Again, polynyas, flaw zones, persistent leads, and other features that
permit belugas to surface for air are important in the more north-
erly regions. Belugas often make holes through thin (to about 10cm)
newly formed ice by pushing it up with their head and back. They
also surface in openings made by bowheads, with which they often
associate during spring migration.

DISTRIBUTION during the open water season is quite vari-
able depending on region. In most cases these whales move into
the coastal zone in May to July or early August, where they enter
lagoons and estuaries to feed, bear calves in warmer water, and molt.
They frequently ascend rivers to feed on seasonally abundant fishes.
Telemetry studies have shown that belugas in the Beaufort Sea and
the Canadian high arctic spend slightly less than 2 weeks in lagoons,
and spend most of their summer feeding in offshore waters (unlike
belugas farther south). Some males from the eastern Chukchi and
Beaufort Sea stocks are now known to penetrate much farther into
the pack ice of the Arctic Ocean during summer than was previously
supposed (to beyond 80°N). Other belugas range widely throughout
Amundsen Gulf and the Beaufort and northern Chukchi seas during
summer and early autumn.

Figure 5 Part of a huge nursery herd of walruses (Odobenus rosmarus) during the
northward spring migration through Bering Strait.
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The larger populations include multiple stocks. In the Bering Sea
population, the largest of the stocks migrates north through the dis-
integrating ice cover in spring, and uses both ice-free coastal waters
and the summer pack of the Arctic Ocean, ranging from northwestern
Canada to northeastern Russia, as the open water season progresses.
Most belugas leave the coastal zone by September, although some
remain or revisit areas where food is abundant. This habit has resulted
in some large and fatal entrapments. Smaller entrapments at sea are
not uncommon. All move with the advancing ice in autumn, either
migrating southward with it, or moving into it as it forms and expands.

Bowhead whales occur in subarctic waters during winter and
spring and, depending on the population, in productive marginal
arctic waters during the open water season. These large whales are
highly specialized zooplankton feeders and seek areas of high prey
abundance. Bowheads may be the slowest growing and latest matur-
ing mammal on earth. Females are thought to become sexually
mature between their late teens to mid-twenties (later than humans
or elephants). They may live to be well over 100 years old.

The range of bowheads includes the North Atlantic region (three
stocks) and North Pacific region (two stocks), with extensive gaps
between the two. During winter through early spring they occur from
the southern margins of the pack ice to as far into it as persistent nat-
ural openings in the ice permit. Large polynya systems are of great
importance during winter and spring. In the Pacific sector, the Okhotsk
sea stock remains there after the ice has completely disappeared. Most
whales of the other stocks migrate northward during spring and south-
ward during autumn. Most whales of the Bering Sea stock maintain a
loose association with the summer ice margin, mainly feeding in the
open waters south of it. The northward migration begins in late March
or early April when they move from the Bering Sea into the eastern
Chukchi, and then across the Beaufort Sea through heavy ice in a very
long corridor cleaved by a linear system of stress cracks, polynyas, shore
leads, and flaw zones. Some migrate into the western Chukchi Sea.
Beluga whales commonly migrate with bowheads. Bowheads can stay
submerged for long periods and push up through relatively thick ice.
These abilities allow them to reside and travel in waters where natural
openings in the ice are continually forming and refreezing. Calves are
born mainly during April to early June, during the spring migration.

C. Fissipeds

Two fissipeds roam the high-latitude ice-covered seas: the polar
bear and the arctic fox (Alopex lagopus). The latter, which rarely
enters the water and pups in dens on shore, is not usually considered
to be a marine mammal.

Polar bears have a circumpolar distribution in the Arctic and con-
tiguous high subarctic. They are not “marine” in the sense that whales
or seals are, but occupy a marine environment in which ice is the sub-
strate on which they live. They prey on other marine mammals, par-
ticularly the ringed seal. Depending on the region, they remain with
the ice and hunt year round or, where it completely disappears, they
come ashore and usually fast or utilize carrion. Exceptions to the lat-
ter are some islands (i.e., Wrangel and Herald) where they hunt ani-
mals that haul out on shore, particularly walruses, and also feed on
the numerous marine mammal carcasses that occur there. On the
ice, availability (access) of prey seems to be a more important factor
affecting the distribution of bears than is maximum prey abundance.
It is difficult for bears to catch marine mammals, except pups, when
there are unlimited escape routes and places to surface in a very labile
ice cover (c¢f. Fig. 2). For example, few polar bears range south of the
northern Bering Sea during winter, even though the majority of other

marine mammals (except ringed seals) are south of there. Also, polar
bears are not present in the Okhotsk Sea.

Pregnant females make and enter snow dens in early November.
These maternity dens can be on the heavy pack ice, on shore-fast
ice (relatively few), or on land. The altricial cubs are born in late
December or early January, during the arctic winter, and do not
emerge with their mothers until late March or early April. Sows
that bore their cubs on shore go back to the drifting sea ice after the
young emerge from natal dens (Fig. 6). Ringed seal pups, born in
lairs beneath the snow starting in late March, are important prey for
the sows with cubs.

V. Possible Effects of Climate Change

It is now well recognized that we are in a phase of accelerated
global warming and that the multiyear and seasonal ice cover is
being affected. During the period 1979-2006, the average sea ice
extent has declined for every month. In September, the usual time
of minimal annual extent, the trend of decline is estimated to have
been at the rate of —8.6% per decade. The seasonal ice cover is
becoming generally less extensive and thinner, and it is forming later
and disintegrating earlier than at any time in recorded history. In the
Arctic Ocean the multiyear ice cover is also contracting and thinning.
Similar changes have occurred in the geological past. The current
warming trend, however, seems to be either driven or strongly inten-
sified by anthropogenic inputs (carbon and greenhouse gases) to
earth’s oceans and atmosphere. In addition to a diminished ice cover,
warming conditions also produce rising sea levels, increased ocean
circulation, and increased nutrient flow into the northern seas. These
changes are likely to have varying effects on the different species
of ice-associated marine mammals. At present, we cannot reliably
forecast complex changes of the various interacting natural systems
that extend from the northern part of the temperate zone to the
Arctic.

For some species or populations, e.g., the bowhead whale and
spotted seals of northern Beringia, ameliorating conditions might be
positive as they would result in more favorable habitat over a broader
area then at present. The number of bowhead whales of the Bering
Sea population has been increasing steadily and has recently shown a

Figure 6 NOAA pilot William Harrigan at a temporary snow den
on land-fast ice, used by a female polar bear (Ursus maritimus) and
her cub, as they traveled from land toward the drifting pack ice in
the central Beaufort Sea.
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remarkable annual increase in calf production. For others, especially
those dependent on currently marginal seasonal sea ice habitats, or
on heavier and more stable ice habitats of the far north, the changes
are likely to have negative impacts. Spotted seals in the Yellow Sea
and the Sea of Japan are likely to be negatively affected and, for the
true arctic species, there is particular concern about polar bears and
their primary prey, ringed seals. At a minimum, global warming will
likely result in significant geographic shifts of the seasonal centers of
abundance of all ice-associated marine mammals, and populations of
some species may decline.

See Also the Following Articles
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Atlantic Spotted Dolphin

Atlantic Spotted Dolphin

Stenella frontalis

WiLLiam F. PERRIN

I. Characters and Taxonomic Relationships
his sturdy spotted dolphin (Figs 1 and 2) is found only in the
I Atlantic and is commonly seen around the “100-fathom curve”
along the southeastern and Gulf US coasts, in the Caribbean,
and off West Africa.

The Atlantic spotted dolphin is not always spotted. A large heavy-
bodied form found along the coast on both sides of the Atlantic (for-
merly called Stenella plagiodon along the US coast) may be so heavily
spotted as to appear white from a distance, but a smaller more grac-
ile form occurring in the Gulf Stream and out into the central North
Atlantic can be lightly spotted or entirely unspotted as an adult (Perrin
et al., 1987; Viallelle, 1997). A constant diagnostic external feature
of S. frontalis is a spinal blaze sweeping up into the dorsal cape; this
distinguishes it from the very similar pantropical spotted dolphin, S.
attenuata, also found in the tropical Atlantic. In addition, the pedun-
cle does not exhibit the division into darker upper and lighter lower
halves present in S. attenuata. The calf of the heavily spotted form is
born unspotted, with a three-part color pattern of dark dorsal cape,
medium-gray lateral field, and white ventral field. Spots first appear
at 2-6 years and increase in size and density up to 16 years (Herzing,
1997). Genetic analyses in correlation with morphology indicate that
at least three populations occur in the western Atlantic and the Gulf of
Mexico (Adams and Rosel, 2006).

The beak is of medium length (intermediate between those of
Tursiops truncatus and S. attenuata) and sharply demarcated from
the melon. The dorsal fin is tall and falcate. Measured adults range
from 166 to 229 cm in body length (n = 106) and weigh up to 143kg
(n = 37) (Perrin et al., 1994a; Nieri et al., 1999). Weight at length is
greater than for S. attenuata (Perrin et al., 1987).

Asin S. attenuata, T. truncatus, and T. aduncus, the skull is char-
acterized by a long rostrum, distal fusion of maxillae and premaxillae

Figure 1 Young Atlantic spotted dolphin in the Gulf of Mexico,
Jjust developing spots. Spots and blaze below dorsal fin are diagnostic
for the species. Photo by R. L. Pitman.
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Figure 2 Heavily spotted adult Atlantic spotted dolphin in the Gulf of Mexico.
Spinal blaze is still visible. Photo by R. L. Pitman.

in adults, convergent premaxillae, large rounded temporal fossae,
and arcuate mandibular rami. Tooth counts are 32-42 in the upper
jaw (n = 115) and 30-40 in the lower (n = 107) vs 35-48 (n = 315)
and 3447 (n = 315) S. attenuata (Perrin and Hohn, 1994; Perrin et
al., 1994a; Nieri et al., 1999). This species and S. attenuata overlap in
all skull measurements as well as in tooth counts (Perrin et al., 1987).
Both species vary greatly geographically. Some specimens of the two
species can be identified only with multivariate analysis. However,
vertebral counts for the two species do not overlap [67-72 (n = 52)
in S. frontalis vs 74-84 (n = 75) in S. attenuata).

Taxonomy of the spotted dolphins was long confused, with speci-
mens of this species and the pantropical spotted dolphin (S. attenu-
ata) classified or identified under various permutations of the nominal
species S. attenuata, S. frontalis, S. plagiodon, S. froenatus, S. per-
nettyi, and S. dubia (see Hershkovitz, 1966). A revision (Perrin et al.,
1987) recognized one pantropical species (S. attenuata) and a second
species endemic to the tropical Atlantic (S. frontalis), both highly vari-
able geographically in size, tooth size, and color pattern. Although the
skull of the Atlantic spotted dolphin shows close affinities with that
of the pantropical spotted dolphin, the two species did not emerge
as sister taxa in a cladistic phylogenetic analysis based on cytochrome
b mtDNA sequences (LeDuc et al., 1999). S. frontalis was imbedded
in a strongly supported polytomic clade with S. coeruleoalba and S.
clymene (sister taxa), Tursiops aduncus, and Delphinus spp. T. trun-
catus was a sister taxon to this clade, with the resulting higher clade
imbedded in the five-part polytomic delphinine clade with S. attenu-
ata, S. longirostris, Sousa chinensis, and Lagenodelphis hosei. Despite
a high degree of cranial similarity, this wide phylogenetic separation
suggests that the similarity represents either convergence (homoplasy)
or retention of primitive character states (plesiomorphy). The inter-
specific relationships in color pattern may accord better with the
molecular phylogeny, e.g., the pattern of head stripes in S. frontalis is
closer to those of T. truncatus and T. aduncus than that of S. attenuata
(Perrin, 1997). In any case, the existing genus-level taxonomy of the
group badly needs revision; Stenella is presently polyphyletic and
Tursiops paraphyletic (LeDuc et al., 1999). A cladistic analysis of
morphology (not yet attempted) is in order.

II. Distribution and Abundance

This species is endemic to the tropical and warm-temperate
Atlantic; it is not known to occur in the Pacific or Indian Oceans.
The range extends from about 50°N to about 25°S (Jefferson et al.,
2007). A discontinuity exists in the range in the western South Atlantic
(Moreno et al., 2005). In the western Atlantic, the large heavily spot-
ted form inhabits shallow, gently sloping waters of the continental
shelf and the continental-shelf break, usually within or near the 200-m
curve but occasionally coming close to shore in pursuit of prey (Perrin

et al., 1994a; Davis et al., 1998; Wiirsig et al., 2000). In the Southwest
Atlantic, they are found within the 1000-m isobath (Moreno et al.,
2005). It is usually replaced in nearshore waters by the coastal form
of the bottlenose dolphin, Tursiops truncatus. There are few estimates
of abundance. About 31,000 were estimated to inhabit the northern
Gulf of Mexico, but this is thought to be an underestimate (Waring et
al., 2006). About 14,000 were estimated from a survey of waters from
Maryland to Central Florida (Mullin and Fulling, 2003).

III. Ecology

Shallow water (6-12m) over sand flats is utilized as habitat
in the Bahamas (Herzing, 1997). A wide variety of prey items has
been recorded, including small-to-large epipelagic and mesopelagic
fishes and squids and benthic invertebrates; diet may differ between
coastal and Gulf Stream forms. Sharks are the only known predators,
but it is probably also preyed on by killer whales (Orcinus orca) and
other small toothed whales.

IV. Behavior and Physiology

Dives to 40-60m and lasting up to 6 min have been recorded, but
most time is spent at less than 10m (Davis et al., 1996). Behavior of
this dolphin has been studied extensively in the Bahamas (Herzing,
1997; Herzing and Johnson, 1997), where it associates closely with bot-
tlenose dolphins during foraging and traveling. Schools may be segre-
gated by age and sex and fluctuate in size and composition, consisting
of up to 100 individuals (Perrin et al., 1994a). In the Azores, Atlantic
spotted dolphins join large temporary mixed-species feeding aggre-
gations with tuna, other cetaceans, and seabirds (Clua and Grosvalet,
2001). Echo-location signals in the species recorded in the wild resem-
ble those of other delphinoids in captivity (Au and Herzing, 2003).

V. Life History

Little is known of the life history of this species. Maximum age
in 44 specimens from Brazil was 23 years with maximum length
attained by about 20 years (Siciliano et al., 2007). Age at sexual mat-
uration is estimated at 8-15 years in females (Herzing, 1997). First
parturition is associated with the mottled phase of spotting develop-
ment. The average calving interval is about 3 years, with a range of
1-5 years. Nursing has been observed to last up to 5 years. Average
first-year natural mortality in a study in the Bahamas was 24%.

VI. Interactions with Humans
This species does not do well in captivity; most captive animals
have died within a year or less, many refusing to eat (Perrin et al.,
1994a). It is killed incidentally in fisheries in Brazil, the Caribbean,
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the western North Atlantic, and West Africa (Perrin et al., 1994b;
Nieri et al., 1999; Van Waerebeek et al., 2000).

See Also the Following Articles
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Atlantic White-Sided Dolphin

Lagenorhynchus acutus

FFRANK CIPRIANO

I. Characteristics and Taxonomy
3 tlantic white-sided dolphins are robust and powerful, impres-

sively patterned, and more colorful than most dolphins. A

narrow, bright white patch on the side extends back from
below the dorsal fin and continues toward the flukes as a yellow-
brown blaze above a thin dark stripe (Fig. 1). The back and dorsal
fin are black or very dark gray, as are the flippers and flukes, while
the belly and lower jaw are white, and the sides of the body a lighter
gray. A black eye ring extends in a thin line to the upper jaw, and a
very thin stripe extends backward from the eye ring to the external
ear. A faint gray stripe may connect the leading edge of the flipper
with the rear margin of the lower jaw. The beak is short and grades
smoothly into the “melon” (forehead). The upper jaw contains 29—
40 and the lower jaw 31-38 small, conical teeth. Molecular analysis
has recently been used to examine the evolutionary relationships
of Lagenorhynchus acutus and the five other currently recognized
members of the genus Lagenorhynchus. Although formal taxo-
nomic revision awaits a comprehensive review of morphological and
molecular characters, the molecular evidence suggests that some
of the five are actually more closely related to the right whale dol-
phins (genus Lissodelphis) and some Southern Hemisphere dolphins
(genus Cephalorhynchus) than they are to L. acutus (LeDuc et al.,
1999; Harlin-Cognato and Honeycutt, 2006).

II. Distribution and Abundance

Inhabitants of the cold-temperate North Atlantic, Atlantic white-
sided dolphins are usually encountered in waters over the continental
shelf and slope, extending into deeper oceanic waters and occasionally
into coastal areas (Fig. 2). The southern limit in the western Atlantic
is Cape Cod and the submarine canyons south of Georges Bank in
the west and Brittany in the east. Groups of Atlantic white-sides are
often seen by fishermen and deep-water sailors off the coasts of New
England, Nova Scotia and Newfoundland, the western British Isles,
Northern Europe and in the Norwegian Sea. There are no records of
this species from the inner Baltic Sea, although some sightings and
strandings are known from the straits between Denmark, Norway,
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Figure 1

The Atlantic white-sided dolphin (C. Brett Jarrett).

30°

Figure 2 Known distribution limits of the Atlantic white-sided dolphin. The pat-
terned area indicates areas of regular occurrence; question marks indicate uncertainty

about occurrence in particular areas.

and western Sweden. The northern distribution limits are poorly
known but extend at least to southern Greenland, southern Iceland,
and the south coast of Svalbard Island (Reeves et al., 1999).

Censusing oceanic dolphins is a difficult task, requiring extensive
aerial surveys or long observation tracks from survey ships (or both),
and then extrapolation of the densities observed to immense ocean
areas. Given the wide distribution of Atlantic white-sided dolphins
across the northern reaches of the Atlantic, rather wide confidence
limits on abundance estimates are to be expected. The best estimate
for the western Atlantic is around 50,000 animals (NOAA, 2006),
but there is not enough survey coverage for good estimates in the
eastern or central Atlantic. For the entire Atlantic there are perhaps
150,000-300,000 (Kaschner, 2004).

III. Ecology
Analysis of the stomach contents of mass-stranded, incidentally
entangled, and drive-caught dolphins is used to assess their diet,

since diagnostic “hard parts” (crustacean shells, fish ear bones, and
squid beaks) accumulate in stomach chambers. A general indication
of the importance of particular prey items can be inferred from the
percent contribution of each type, although the number of meals
represented by such traces is usually unknown and there may be bias
in the retention of different types. Major prey species of Atlantic
white-sided dolphins include herring, small mackerel, gadid fishes
(codfish and their relatives), smelts and hake, sand lances, and sev-
eral types of squid (Reeves et al., 1999). Different prey species may
predominate at different times of year, representing seasonal move-
ments of prey, or in different areas, indicating prey and habitat varia-
bility in the environment. For example, different species of squid are
eaten by these dolphins on opposite sides of the Atlantic, while in
spring and autumn, sand lance and dolphin distributions in the Gulf
of Maine appear to mirror each other. Atlantic white-sided dolphins
are probably not deep divers—the maximum dive time recorded
from a tagged dolphin was 4min and most dives were less than a
minute in duration.
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IV. Behavior and Physiology

The number of Atlantic white-sided dolphins observed in a group
ranges from a few individuals to several hundred, and mean group
size appears to vary with location. In Newfoundland inshore waters
50-60 dolphins in a group are typical; in inshore waters of the British
Isles and near Iceland, groups usually contain less than 10 individu-
als; and off the New England coast group size ranges from a few to
around 500, but the usual group size is around 40. Some segregation
by sex and age has been suggested from mass stranding records—
larger juveniles were absent from some mass-stranded groups that
contained many calves, adult males, and pregnant females. Mass
strandings involving up to a hundred or more animals at one time
are common for this species in the Western North Atlantic (NOAA,
2006).

V. Life History

Male Atlantic white-sided dolphins are known to reach a maxi-
mum body length of about 270 cm and a weight of 230kg, while adult
females reach a maximum size about 20 cm shorter and 50kg lighter.
This is smaller than that well-known oceanarium inhabitant, the com-
mon bottlenose dolphin Tursiops truncatus (around 380cm/270kg
maximum) and a bit longer and a lot heavier than the short-beaked
common dolphin, Delphinus delphis (around 230 cm/75kg).

Females reach sexual maturity at 200-220 cm, at ages from 6 to
12 years. Males reach sexual maturity at lengths of 215-230 cm, cor-
responding to ages of 7-11 years. Maximum ages recorded were 22
and 27 years, for males and females, respectively. At birth, Atlantic
white-sided dolphins are around 120 cm long, after an approximately
11-month gestation period, and weigh about 25kg (Perrin and Reilly,
1984). In the western Atlantic, the calving season peaks in mid-sum-
mer, while in the eastern Atlantic the calving season may extend sev-
eral months longer (Weinrich et al., 2001). The lactation period lasts
around 18 months, and some stranded individuals were observed to
be both pregnant and lactating, suggesting that some individuals may
breed annually (Sergeant et al., 1980).

VI. Interactions with Humans

This species is not currently hunted on a large scale anywhere
in its range, although historically many were killed in drive fisheries
in Norway and Newfoundland and smaller numbers were taken off
Greenland and the Faroe Islands. Incidental mortality has been doc-
umented in many areas; these dolphins may be particularly suscep-
tible to entanglement in trawl nets. Recent large catches in pelagic
trawl nets have been reported in the Atlantic Frontier off Ireland
(Berrow and Rogan, 1997). Within US waters, small numbers of
white-sided dolphins have recently been observed caught in sink gill-
net, bottom trawl, mid-water trawl, and the Gulf of Maine/Georges
Bank herring trawl fisheries (NOAA, 2006). Comprehensive genetic
studies and abundance estimates off western Europe are needed to
determine the potential impact of mortality in particular areas, since
this species seems vulnerable to bycatch from a wide variety of fish-

ing gear types.
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Australian Sea Lion
Neophoca cinerea

Jonn K. Ling

I. Characteristics and Taxonomy
The endemic Australian sea lion (Fig. 1) is one of the world’s

rarest and most unusual seals: rare in terms of very small

numbers and unusual in its having a sesquiennial reproductive
cycle. It is also a temperate species whose range lies between
latitudes 28°S and 38°S around much of the southern part of the
island continent (Ling, 1992).

At birth the pups are a dark chocolate-brown to charcoal-gray
in color, which changes to the smoky gray (hence the specific name
cinerea) and cream adult color after the post-natal molt (Walker and
Ling, 1981; Ling, 1992). Females retain this coloration throughout
life, but males gradually develop a brownish-black coat with increas-
ing age. Males of breeding age have a cream patch on the back of
the head and nape of the neck. This species has flattened guard hairs
but no underfur—the pelage apparently being adapted to a temper-
ate environment. It also has a relatively thin layer of blubber beneath
the skin, about 2cm thick. Pups measure 62-68cm in length (nose—
tail) and weigh 6.4-7.9kg at birth, males tending to be heavier than
females. Adult females range in length from 132 to 181 cm and weigh
between 61 and 105kg (for a pregnant specimen); males measure up
to 200 cm in length and attain weights well in excess of 200kg.

Marlow and King (1974) summarized the history of the taxonomy
of Neophoca and concluded that it and the New Zealand sea lion,
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Figure 1 Australian sea lions: adult male (white “cap” on head not visible), two
adult females and juvenile (ca. 4 months old) suckling, at North Casuarina Island, off
Kangaroo Island, South Australia. Photo courtesy of P.D. Shaughnessy.

Phocarctos hookeri, rightly belonged in different genera, based on
skull characteristics. Some common names applied to Neophoca are
Australian sea lion (preferred), counsellor (“wigged”) seal, white-
necked or white-capped hair seal or simply hair seal (particularly in
early Australian historical times).

II. Distribution and Abundance

The breeding range of the Australian sea lion extends from Houtman
Abrolhos (29°S, 114°E) in Western Australia to the Pages Islands (36°S,
138°E), just east of Kangaroo Island, South Australia, with stragglers
reaching central New South Wales on the east coast (Fig. 2).

The most recent study (McKenzie et al., 2005) estimates that
there are only 9794 Australian sea lions occupying their wide geo-
graphic range in 73 scattered colonies (47 in South Australia and
26 in Western Australia), of which only six produce more than 100
pups in a breeding season. Four-fifths of the population resides in
South Australia and a fifth occurs in Western Australia, where more
than half the breeding colonies are located, all of which are small.
The largest breeding colonies are on Purdie Islands (32°S, 133°E),
Dangerous Reef (35°S, 135°E), Seal Bay (36°S, 137°E) on Kangaroo
Island, and the two islands of The Pages. Australian sea lions once
ranged as far as the eastern end of Bass Strait, but today only strag-
glers occur there and beyond. The various sea lion colonies are to
some extent genetically isolated and members maintain a strong
attachment to their respective birth places, particularly adult females.

Australian sea lions were ruthlessly hunted during the sealing
era from the late eighteenth to the mid-nineteenth century for their
skins and oil, when only a few thousand skins were reported to have
been harvested. It is not possible to estimate the number killed for
oil, because “seal 0il” included fur seal oil and sea lion oil in the car-
gos. However, there may not have been many sea lions to be taken
anyway, compared with the large fur seal populations, which are
increasing today after having been almost exterminated by early seal-
ers. Because the first census over most of the sea lion’s entire breed-
ing range was carried out only recently (Gales et al., 1990; Dennis
and Shaughnessy, 1996), it cannot be determined at this stage
whether colonies are growing or declining, except at Seal Bay, where

numbers are decreasing. Future surveys of all breeding colonies will
need to be undertaken, since counts of live and dead pups provide
the most accurate estimates of the size of the total population.

III. Ecology

After they are weaned, sea lions feed on cephalopods, crustaceans,
and fish (Ling, 1992). It is not known how far offshore they forage,
but diving appears to begin as soon as females leave the rookery and
this takes the sea lions out over the continental shelf. Large prey
are generally seized in the mouth and shaken violently at the sur-
face to remove cuttlefish bones, skin or skeletons before swallowing.
Depending on size, experimental markers take from 5 to 4Sh to pass
through the alimentary tract. Australian sea lions are infected by the
usual array of external and internal parasites: lice and mites, and
acanthocephalans, nematodes, cestodes, and trematodes. Dissections
often reveal heavy infestations. Many carry up to several kilograms of
pebbles in the stomach, which are thought to aid digestion.

IV. Behavior and Physiology

The protracted pupping season, during which mating is effected,
ensures that there is a high turnover of territories and a breakdown
of any harem system (Ling and Walker, 1978; Higgins, 1993; Gales
et al., 1994; Gales and Costa, 1997). In contrast to many otariids in
which dominant males control small to large numbers of females,
Neophoca practices what is known a sequential polygyny which still
allows males access to several females in a season, but, in general,
one at a time. Nevertheless, aggressive encounters do take place
between rival breeding males and are a significant cause of mortal-
ity among young pups that are unfortunate enough to be attacked
or trampled by rampaging bulls. Their lumbering gait resembles
something of an ungainly gallop a little above a fast human walk-
ing pace and punctuated by frequent rests. Females are most solici-
tous of their young, and several tourist visitors to Seal Bay and other
breeding colonies have received nasty bites when they approached
too closely a cow with her pup. When returning from a foraging trip,
a female will call from the sea with a soft “moo” and wait for her
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Figure 2 Present and past distribution of Australian sea lions. Unbroken solid line depicts current known breed-
ing range, broken solid line depicts seasonal stragglers, and broken open line depicts extent of former breeding range.
Courtesy of the Royal Zoological Society of South Australia Inc.

pup’s answering call which resembles a lamb’s bleat. When pups are
small and site fidelity is very strong, so little searching for each other
is necessary. Once the two are reunited, recognition is confirmed by
smelling. Sea lions are powerful and skilful swimmers, using their
large front flippers to propel them rapidly through the water. They
are also excellent surfers and can often be seen riding the waves
right into the shallows or “porpoising” along wave crests and troughs
farther out to sea.

Large males tend to lie apart from other sea lions, but females
and immature animals often lie close together, wriggling, squirming,
and scratching constantly. On hot days when the sun temperature
may exceed 45°C they will occasionally go into the sea and return a
short while later to allow evaporative cooling to take effect. Sea lions
may also venture some distance inland to lie under bushes or up
steep slopes to find a shelter; they are quite agile on land.

There is a marked increase in concentrations of the hormones
progesterone and oestradiol about 3-5 months after the prob-
able mating date, and they reach their highest levels after another
2 months. This suggests that the blastocyst reactivates and implants
3.5-5 months into pregnancy, a similar free blastocyst stage to that of
other seals. It also means, however, that post-implantation gestation
lasts up to 14 months to fit with the 17.5-month reproductive cycle.

The lipid content of Australian sea lion milk is lower during all
stages of lactation than that reported for other middle- and high-lati-
tude eared seals. This may be correlated with the extended lactation
period—15-17 months and even longer for some pups—of this spe-
cies. Lipid and energy content do increase during lactation but the
composition varies greatly between and within individuals.

At-sea metabolic rates of Australian sea lions are comparable with
those of other eared seals and are up to 6.8 times the predicted basal
metabolic rate for terrestrial mammals of similar size. Compared to
California sea lions, Neophoca works hard during its foraging dives
that last from about 3 to 8 min for adult females, at average depths of

67m and an average maximum depth of 92m. These are longer dive
durations than for other eared (but not true) seals.

V. Life History

The life history of Neophoca is unique in a number of aspects:
the approximately 17.5-month aseasonal reproductive cycle, a pro-
tracted (i.e. 5 month or longer) pupping season, prolonged (14
month) post-implantation gestation, and lactation lasting almost until
the next pup is born or even longer (Ling and Walker, 1978; Gales
et al., 1997). In addition, because many of the sea lion colonies are
genetically isolated, breeding across their range is asynchronous.
Until recently, this unusual reproductive cycle was thought to be an
adaptation to the sea lion’s environment that was characterized as a
nutrient-poor, low-energy, stable milieu associated with the eastward
flowing Leeuwin Current on the southern coast of Australia. Recent
ocean studies have demonstrated significant upwelling in the waters
of western Victoria and South Australia as far west as Eyre Peninsula
in summer and autumn, which makes this region quite rich in nutri-
ents; this is where about three-quarters of the Australian sea lion
population resides.

Pups are born a few days after the females have moved to their
breeding sites, to which they are known to return for successive
birthings. Viable twins have never been observed, but two aborted
fetuses, believed to be twins and estimated to be about 3 months
post-implantation, were found on Kangaroo Island in 1985.

Mating takes place 7-10 days post-partum; there is a 3—4-month-
free blastocyst (embryonic diapause) stage, followed by a gestation
period of up to 14 months duration. The pup is suckled for the next
15-17 months and during this time it learns to forage for food that it
will consume in later life. The milk is low in energy (fat) compared
with other pinnipeds and its quality may vary according to the forag-
ing success of the mother and stage of lactation. While the pelage is
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unlikely to be involved in thermoregulation, the flattened hairs over-
lap each other and provide a smooth but flexible outer surface that
reduces turbulence when swimming. Periodic renewal of the hair coat
ensures that it functions efficiently in whatever role it has. The timing
of pelage renewal or molt is variable. Immature sea lions molt during
the breeding season, females begin their molt up to 4 months after
parturition (which is about when implantation occurs) and adult males
do not start their molt until about 9 months after the breeding season.

The Australian sea lion’s unusual life history enables it to survive
as a very small population scattered over a wide, in places nutrient-
poor longitudinal range. The longer than normal (pinniped) gesta-
tion and lactation periods allow the female to nurture a developing
fetus and growing pup whilst having to forage. Normal growth rates
can also be achieved despite the low energy content of the milk. At
the same time, the long maternal association confers many learning
and protective advantages on the young sea lion. The protracted,
asynchronous pupping season spread out over the wide geographic
area again means that food resources can be better shared and there
is not a sudden influx of newly independent sea lions, such as occurs
with more highly synchronized species that occupy nutrient-rich,
higher latitudes.

VI. Interactions with Humans

At Seal Bay Conservation Park on South Australia’s Kangaroo
Island humans can approach Australian sea lions quite closely, and
could approach even much closer before stricter guidelines were
introduced to prevent disturbance to both animals and humans! Sea
lions at other island colonies are much less tolerant of humans and
scatter quickly into the sea when disturbed.

Older males, in particular, occasionally haul out onto Adelaide
and other beaches: apparently having left or being driven out of their
former breeding colonies. They are sometimes taken into animal
care or, more often than not, return to the sea and go elsewhere.

There is some conflict between fishermen or fish-farmers and
Australian sea lions which take fish from nets and pens, respectively,
rather than having to chase prey themselves. Various scaring devices
have been tried in an effort to avoid having to shoot at a species that
is threatened with extinction. The main method now uses seal fences
consisting of wire strung on stanchions about 1.8 m high.

The Australian sea lion colony on Kangaroo Island is internationally
famous because of its proximity to the large city of Adelaide and the
public being able to view the animals at close quarters (Robinson and
Dennis, 1988). There is also a smaller breeding colony on the mainland
at Point Labatt on Eyre Peninsula to the west, which may be viewed
from a lookout high above the beach. In February 2005 Neophoca
was listed as a Threatened species, Vulnerable category under the
Commonwealth of Australia Environment Protection and Biodiversity
Conservation Act 1999 (Shaughnessy, 1999). In view of this and the
species’ importance to the tourist industry on Kangaroo Island (no other
colonies are so easily accessible), the South Australian Government has
embarked on an intensive management strategy. The whole Seal Bay
area has been designated a Conservation Park. Public access is limited
to the main beach and only in the company of authorized personnel,
but there are also viewing platforms overlooking the beach and other
restricted areas. The principal pupping sites in sheltered coves adja-
cent to the main beach have been declared Prohibited Areas. Regular
classified censuses are conducted to monitor the status of the Seal Bay
colony and enhance its chances of survival and value to tourism.

However, some Australian sea lion colonies appear to be suffering
very high pup mortality (30-40%) and decreasing pup production.

Only with a widespread and cooperative research and management
effort will the species be perhaps more secure.

Australian sea lions have adapted well to captivity, where there
have been at least 45 births around the country since 1981 (Ling
et al., 2006). One female produced 8 pups in 11 years. Birth intervals
are approximately 17.5 months or multiples thereof, thus mirroring
reproduction in the wild. A female, estimated to have been about a
year old when caught, lived for 25 years in captivity, and a male, aged
approximately 1-2 years when captured, has been captive for more
than 22 years. These figures agree closely with maximum ages of tagged
sea lions in the natural state. The oldest surviving captive-bred speci-
men (in January 2007) was aged 21 years 3 months. There have been
no attempts to introduce captive-bred Australian sea lions into the wild.

See Also the Following Articles

Fared Seals (Otariidae) m Population Status and Trends
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]
Australian Snubfin
Dolphin
Orcaella heinsohni

KLy M. RoBERTSON AND PETER W. ARNOLD!

I. Characteristics and Taxonomy

he Australian snubfin dolphin is a coastal dolphin species

I that occurs throughout northern Australia with some evi-

dence for occurrence in Papua New Guinea. This species was

previously considered to be a population of Irrawaddy dolphins

(O. brevirostris). Clear and consistent differences between Asian

and Australian Orcaella specimens in coloration, cranial and exter-

nal morphometrics, postcranial morphology, and molecular data are

consistent with species-level differences. The Australian snubfin dol-

phin was formally proposed as a separate species in 2005 (Beasley
et al., 2005).

Recent morphological and genetic studies place the genus
Orcaella in the family Delphinidae, with the closet relative possibly
being the killer whale Orcinus orca. The Australian snubfin (Fig. 1)
dolphin, resembles the Irrawaddy dolphin in appearance and is
closely related to it genetically.

Figure 1 Australian snubfin dolphin (Orcaella heinsohni) from
Cleveland Bay, Queensland, Australia. Courtesy Guido J. Parra.

The name “snubfin dolphin” was first suggested as an alternative
common name for Irrawaddy dolphins in 1981. This name highlights
a diagnostic external character, is appropriate to all populations, and
has been included in lists of common names and general field guides.
The proposed common name for this species, the Australian snubfin
dolphin, further reflects the fact that the majority of known speci-
mens and morphological work are based on Australian populations.

The species was named for George E. Heinsohn, recognizing his
pioneering work on northeastern Australian odontocetes, includ-
ing the collection and initial analysis of Australian snubfin dolphin
specimens.

Total length reaches 230cm in females and 270cm in males.
Mass of three adults (2.14-2.25m long) was recorded as 114-133kg
(Arnold and Heinsohn, 1996). The head is rounded in lateral view
and lacks a beak. It is usually bounded by a distinct neck crease (Fig.
2) situated about half way between the eye and the anterior inser-
tion of the flipper. The species lacks the dorsal groove that is present
on the Irrawaddy dolphin, a distinct indentation from the base
of the skull to the anterior edge of the dorsal fin. The body has a
subtle three-tone color pattern: a distinct dark brown dorsal cape,
light brown lateral field, and white abdominal field. The small vari-
ably shaped dorsal fin (from rounded to slightly falcate) is situated in
the latter half of the body. A mid-ventral crease runs along the belly
from the flippers to the genital slit. The flippers are broad, paddle-
like, and highly mobile.

The adult skull retains neotenic features. The number of nasal
bones/depressions on each side of the skull vertex varies from 0 to 6,
with a mean of 2.9. The nasal bones are nodular in appearance, often
with at least two nasals on each side of the vertex. The mesethmoid
plate is thin and poorly developed, leaving much of the frontal bone
on the anterior face of the vertex exposed. The shallow postnarial
pit is filled by a supernumerary bone. The temporal fossa height is
greater in the snubfin dolphin than in the Irrawaddy dolphin, with a
mean of 61.2mm vs 45.8 mm (Fig. 3). There are 11-22 teeth in each
half of the upper jaw and 14-19 teeth in each lower row.

II. Distribution and Abundance

The species is confirmed to occur from Broome, Western
Australia, north to the Northern Territory and along the Queensland
coast as far south as the Brisbane River. Cranial morphological

Figure 2 Australian snubfin dolphin displaying neck crease and lack of dorsal
groove. From Beasley et al., 2005.

1A posthumous contribution.
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Figure 3

Skulls showing differences in temporal fossa height
between the Australian snubfin dolphin (top) and the Irrawaddy dol-
phin. From Beasley et al., 2005.

features of one Papua New Guinea specimen from Daru were con-
sistent with those of the Australian snubfin dolphin, and it is likely
that the species occurs in localized areas around Papua New Guinea.
Further study is needed on Orcaella in Papua New Guinea and
neighboring regions (particularly Indonesia) to confirm the species’
respective ranges.

Based on the current known distribution, the Australian snubfin
dolphin occurs on the Sahul shelf of Australia/Papua New Guinea,
whereas the distribution of the Irrawaddy dolphin corresponds to the
Sunda shelf of South and Southeast Asia. These areas are separated
by deep oceanic waters and remained separate even during periods
of lowered sea levels in the Pleistocene Ice Ages.

Little is known about the current population status of the species.
An estimate of about 1000 animals was calculated in 1989 (Freeland
and Bayless, 1989) based on aerial survey records. However, the low
number of sightings from surveys conducted along the Queensland
coast from 1987 to 1995 indicates that the estimate may be high
(Parra et al., 2002).

III. Ecology

Sighting records indicate that the Australian snubfin dolphin
occurs mainly in protected, shallow (<15m deep), coastal waters,
especially adjacent to river and creek mouths, with a preference
for sea grass beds. It has been observed to co-occur with the Indo-
Pacific humpbacked dolphin (Sousa chinensis) throughout most of
its range in Australian waters. Shark wounds have been observed on
individuals in the field (Parra, 2006).

Australian snubfin dolphins have an opportunistic diet, tak-
ing a wide range of fishes as well as cephalopods (squid, cuttlefish,
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octopus) and shrimps. Fish from the following families have been
identified as prey: Clupeidae, Engraulidae, Apogonidae, Chirocen-
tridae, Anguillidae, Pomadasydae, Sillaginidae, Hemirhampidae,
Terapontidae, and Leiognathidae.

IV. Behavior and Physiology

Australian snubfin dolphins are generally found in small groups of
2-6 animals; however, groups of up to 14 animals have been observed
(Parra et al., 2002). Surfacing is generally unobtrusive, with a low roll
showing little of the back. Given this, the dolphins” shy behavior, and
the small size of the dorsal fin, it is often easy to miss in the field.

Interactions with Indo-Pacific humpback dolphins have been
observed to be aggressive and sexual in nature with the hump-
back dolphins demonstrating dominance. Vocalizations have been
recorded by Van Parijs et al. (2000) and include broadband clicks
(>22kHz), three or more types of pulsed sounds (>22kHz), and
two types of whistles (1-8kHz). These vocalizations occur during
both socializing and foraging.

V. Life History

Very little is known about the life history of the species. Most of
the information available on the life history of Orcaella is based on
the Asian species, the Irrawaddy dolphin. It is thought that the life
history parameters of the Australian snubfin dolphins and Irrawaddy
dolphins are probably very similar. Reproductive seasonality of the
snubfin dolphin is unknown. It is thought that gestation may be
approximately 14 months. One record of a near-term fetus exists
from Townsville, Australia, collected in the month of August. A small
number of snubfin dolphins from northeastern Australia were aged
using dentinal growth layer groups in teeth. It was estimated that
dolphins reached adult size (2.1m) at 4-6 years, and maximum life
span was considered to be about 30 years.

VI. Interactions with Humans

The current conservation status of the snubfin dolphin in
Australia is listed as “Insufficiently Known” by the Action Plan for
Australian Cetaceans and “Near Threatened” in the TUCN Red List
of Threatened Species.

Previously, the major known threat to the species was acciden-
tal capture in nets used to control the number of sharks off popular
swimming beaches. Currently, nearshore fishery gillnets are a threat,
as they are set in creeks, rivers, and estuaries, the preferred habitat
of the snubfin dolphin. Rezoning of the Great Barrier Reef Marine
Park in 2004 has provided areas where gillnetting is banned, limited
by permit, or allowed for only several months of the year. However,
these areas provide very little coastal coverage; many areas outside
the Marine Park are not regulated, which is a concern for the con-
servation of this species.

Concern has also recently been raised about habitat reduction
and degradation that may be caused by human population growth.
Suggested effects include reduced food supplies (from habitat deg-
radation and overfishing), increased industrial and urban pollution of
coastal sites and disturbance from increased vessel traffic. Such poten-
tial threats are largely unquantified; it is hard to predict whether they
will cause or have already caused fragmentation of dolphin populations
leading to potential decline of the species. More research is needed
throughout the range in order to help determine proper management
decisions to ensure the conservation of the species.
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island-group west of Europe, closer to Europe than America.

These islands were among the earliest areas visited by the
sperm whalers of New England in the eighteenth century. Early in
the history of fishery that was to dominate much of New England’s
commercial history, it was discovered that the waters around the
Azores were among the favorite haunts of sperm whales. It soon
became apparent that there were other attractions in these islands:
food and water could be obtained, and more importantly, men will-
ing to sign aboard could be expeditiously recruited.

From his observatory at Sagres at Cape Saint Vincent in Portugal,
the westernmost point in continental Europe, Henry the Navigator
(1394-1460) inspired the explorers who would extend the boundaries
of the known world. Infante Dom Henrique (as he is known to the
Portuguese) was the patron of Gil Eannes, the first man to round
the previously untried Cape Bojador on the western hump of
Africa, opening the South Atlantic for the voyages of such heroes
as Bartolomeo Dias, Vasco da Gama, and Ferdinand Magellan. The
pilot Diogo de Sevilha, possibly on a return voyage from Madeira,
reached the islands that would eventually be named the Azores, but
it was Goncalo Vetho Cabral who is credited with the official discov-
ery of the islands in 1431. Cabral first claimed Santa Maria, then So
Miguel, Terceira (“third”), Sao Jorge, Graciosa, Pico, and Faial. The
seven islands were named 11-has dos Acores (“Isles of Hawks”), and
within a year the Portuguese had settled in. While searching for the
nonexistent island of Antilia, Diogo de Tieve discovered the remain-
ing two islands in 1452.

They called it the “Western Islands” Grounds because it was an

Azorean Whaling

The peaks of submerged volcanoes rising from the Mid-Atlantic
Ridge, the nine islands of the Azores archipelago, sizzled out of the
North Atlantic some 900 miles east of Portugal. The water around
these islands can be over a mile deep; a perfect locale for the deep-
feeding sperm whale, or cachalot. After Cabral found the islands, the
whales would have only another three centuries—the blink of an eye in
cetacean history—to swim unmolested in Azorean waters. The whalers
were coming,.

As they extended their horizons, the Yankee whalers sailed first
to the Bahamas and the West Indies, then out into the Atlantic. The
currents of the North Atlantic circulate in a roughly clockwise fash-
ion, but there are enough subcurrents, drifts, and gyres to make sail-
ing less than easy. The same surface ocean movements that allowed
Columbus to sail in a south-westerly arc to reach the Caribbean
also assisted the whalers as they hitched a ride onto the northerly
segment of the Atlantic gyre which pushed them toward Spain and
Portugal, and eventually south to Africa. (Although Ponce de Leon
is believed to have been the first to describe the Gulf Stream during
the early sixteenth century, the whalers recognized its benefits early
in the eighteenth century only. These benefits were illustrated and
published in 1786 by Benjamin Franklin, the cousin of a Nantucket
whaler named Timothy Folger.) Perhaps the whales were not in evi-
dence when they first explored Azorean waters, but the Nantucket
whalers first sighted the West African whales in 1773, and 5 years
later, they discovered the Western Islands Grounds.

The usual route for whaling in the Atlantic—only the broadest
of generalizations, since the whales rarely appeared where or when
they were supposed to—would consist of a southward bearing in the
spring, to the Carolinas and the West Indies, thence to the Azores,
the Cape Verdes, and the coast of Africa in the summer. Eventually,
the whalers would re-cross the South Atlantic, and work the Brazil
Banks or the Falklands. The ships would return to New England in
July and after refitting, sail for the Grand Banks to the north. “Plum-
pudding” whaling was the way these short, relatively safe Atlantic
voyages were described. It would not be until 1789 that the British
whaler Emelia would round the Horn and initiate the era of round-
the-world whaling voyages.

Because the British whaling fleet was active in Greenland waters,
the Atlantic was available to the colonists. During the mid-eight-
eenth century, French and Spanish privateers and pirates roamed
the Atlantic, adding yet another threat to an already hazardous pur-
suit. The dogged Yankee whalers persevered, however, and con-
tinued to visit the Western Islands for sperm whales, because the
islands had the reputation of being the home of particularly large
whales. (In an account of Azorean whaling, Trevor Housby (1971)
describes the capture of a 61-footer, one of the largest bull sperm
whales ever measured.) Even though there were large whales to be
found there, however, the Azores were only a way-station on the way
to such places as the Cape Verde Islands and the whaling grounds of
southern Africa.

During the height of square-rigged whaling, the whalers would
plunder the waters of the Western Islands for whales and the lands
for whalers. Since the days of Vasco da Gama, Portuguese sailors have
demonstrated an inordinate desire to go down to the sea in ships.
While the Portuguese proved to be brave and competent whalers,
however, early New England chauvinism relegated the Azoreans to the
same class as anyone who was not a “full-blooded Yankee”—whatever
that was supposed to mean in 1820. In later years, Hohman (1928)
would write, “as the better type of American forsook the forecastles,
their bunks were filled by criminal or lascivious adventurers, by a mot-
ley collection of South Sea Islanders known as Kanakas, by cross-bred
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negroes and Portuguese from the Azores and the Cape Verdes, and
by the outcasts and renegades from all the merchant services of both
the Old World and the New.” When Clifford Ashley, the writer and
painter, shipped aboard the Sunbeam in 1904, he described the crew
in detail, concluding, “The South Sea Islands, East Indies, Cape
Verdes, Azores and Canaries, all were liberally represented on our list.
Profane, dissolute and ignorant they were, yet, on the whole, as coura-
geous and willing a lot as one could desire.”

Most narratives of Atlantic whaling include a visit to the Azores;
among the arrivals was the Bruce, which ]. Ross Browne named Styx
in his Narrative of a Whaling Cruise. Here he describes his first sight
of the islands in 1842:

Terceira is a remarkably picturesque island, beautifully laid out
in farms, which at this season of the year have a rich golden
hue that bespeaks abundant crops. The coast is broken and
rugged, and in many places so steep as to preclude the possi-
bility of ascent. Part of the island seems to have been ingulfed
by an earthquake, which accounts for the rugged appearance
of the coast. It is visited at certain seasons of the year by heavy
gales and rains, especially in October and November, when
there is frequently danger in approaching it. While we lay off
and on, awaiting a suitable opportunity of running in, we had
hard, shifting winds, and it rained almost incessantly. Mount
Brazil, and other elevated portions of the island, were covered
most of the time with white, misty clouds.

Browne describes the Azorean whalers as wearing “sennet hats
with sugar-loaf crowns, striped bed-ticking pantaloons patched with
duck, blue shirts, and knives and belt. They were all barefooted...”

It is impossible to determine when the Azoreans began whal-
ing on their own, but the Portuguese seemed to have maintained
a sperm whale fishery, which “they had learned from the New
Englanders and carried on upon the coast of Brazil” as early as 1785.
The islands sustained international fishery for perhaps a 100 years,
but by 1870, the only whalers operating out of the Azores were the
Azoreans themselves.

They fitted out their own whaleships, but they were never par-
ticularly successful. Their first attempt was the Cidade da Horta, a
brig that had been abandoned in the islands by the French as not
being seaworthy. They probably never sent out more than 10 of their
own vessels because their economy was never strong enough to lay
out the considerable sums required to build, pay for and man a full-
rigged ship. Instead, the Azoreans would sign aboard foreign vessels.
Nevertheless the islands later developed a technique that would not
be duplicated anywhere else in the world: shore whaling for sperm
whales.

In shore whaling, which involves spotting whales from lookouts,
the prey has almost invariably been the relatively placid right whale
and less frequently the humpback. The reasons for these choices are
obvious. Both the right and the humpback are inshore creatures;
slow-swimming, passive animals that, more often than not, rolled
over and died when they had been lanced. The cachalot, however, is
a dangerous threat, given to smashing whaleboats in its death-throes,
and less frequently to attacking whaleships and sinking them. It was
indeed a courageous whaler who chose to approach the most fear-
some of all the great whales in a fragile little cockleshell.

It is possible that the Azoreans learned shore whaling from the
Basques, who may have called at the islands as they extended their
right-whale fishery to Newfoundland in the sixteenth century. (The
Basque term vigz'a, which means a lookout, is still in use in the Azores
today, and the word cachalote is also of Basque origin.) The village of

Horta (also known as Porto Pim) on the island of Faial is believed to
have been the site of the first shore station in the Azores, sometime
around 1832. The Azorean records are scanty, but it is known that the
American consul, a man named Dabney, set up a tryworks at Horta in
1850. From Faial, the industry spread to the other islands, and soon
there were stations on Sdo Jorge, Graciosa, Terceira and Sdo Miguel.
The Pico islanders began whaling around 1853, following an outbreak
of phylloxera that almost totally wiped out the vineyards which had
been their main source of revenue. By 1898 there were no less than
29 whaling companies working in the Azores.

Originally, the whaleboats had been imported from New Bedford,
but around the turn of the century, a whaleman named Machado
built the first boat at Pico. Shortly thereafter, the laborious method of
rowing or sailing out to the whaling grounds was abandoned in favor
of motorboats, which towed the killing boats out to sea. Although
this greatly improved the Azoreans’ efficiency by allowing them to go
to the whales without the endless hours of backbreaking rowing or
time-consuming tacking, the innovation was one of the few attempts
at modernization that the Azoreans made. Curiously, at the same
time that they adopted motorized launches, the Azoreans abandoned
the hand-held harpoon guns which they had been using—somewhat
uneasily—since around 1885. They also introduced two-way radios
to facilitate communication between the canoas. With the exception
of the radios and the towing boats, which replaced the whaleship in
putting the whalers close to the whales, Azoreans continued to kill
and process cachalots in a manner that almost precisely replicated
that of the Yankee whalers. Despite the anachronistic nature of the
fishery, its economy allowed the technology to be exported. (By 1900,
most of the world’s whaling was being conducted with exploding har-
poons and steam- or diesel-powered catcher boats.) Open-boat whal-
ing was introduced to Madeira in 1941, and although they had only
a brief time there, Azorean whalers established a similar fishery in
Brazil in 1950.

From the vigias on the cliffs, the lookouts stood watching from
dawn to dusk, every day of the year. They used powerful binoculars,
which they claimed enabled them to spot whales at a distance of
30 miles. When blows were sighted, a rocket was set off to alert all
the whalers, who then set out in pursuit. (Another vestige of the
Yankee whaling industry was the introduction of English terms into
Portuguese. They cried bloz! or baleia! when a whale was sighted,
called the bull whale a brilo, the boom a bitme, and the junk the
janco.) The whaleboats, known as canoas, were 38-ft long (10ft
longer than the average American whaleboat), and as graceful and
seaworthy as the Yankee whaleboats that Clifford Ashley had called
“the most perfect water craft that have ever floated.” They were
smooth-sided, or carvel-built, unlike the Yankee boats, which were
clinker-built (Fig. 1). (The Azoreans believed that the acute hearing
of the sperm whale enabled it to hear the slap of the water on the
strakes.) Where their Yankee predecessors employed a crew of six,
the Azorean double-enders shipped a crew of seven. The Azorean
harpooner and the steersman did not make the dangerous and awk-
ward change of places after the whale had been struck, so that the
harpooner both made fast to the whale and lanced it. Like almost
everything else in the Azorean fishery, the harpoons employed fol-
lowed the New England fashions of the mid-nineteenth century,
with a “Temple” toggle head that pivoted to a right angle when
plunged into the whale. The boats were equipped with a gaff main-
sail and a jib, and if possible, the boat was sailed tight onto the
whale for the harpooning. Often the Azorean whalers would paddle
up to the whale under sail, using canoe paddles that Robert Clarke
described as “betraying their Red Indian origin by their shape and
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Figure 1 In the swallows, Azorean whalers section a sperm whale before winch-
ing the pieces onto shore. The small rowboat is used only for this cutting; the canoas
(whaleboat) were more than 30-ft long. Photography courtesy of William Dawbin.
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Figure 2 The harbor at Horta on the Island of Fayal in the Azores, with American
sperm whalers picking up provisions. Credit: New Bedford Whaling Museum.

the way they were used.” The rowing oars were 16-18ft long, and
the steering oar was about 23ft in length. Clarke wrote, “In the his-
tory of seafaring trades there can scarcely be a more remarkable sur-
vival than the present use in the Azores of hand weapons to take and
kill great whales.” The harpoon was not the killing instrument, but
was used to make the whale fast to the boat. After the whale towed
the boat (which might consume several hours), the whalers threw
the lance, a spearlike projectile which was driven deep into the body
of the exhausted whale. A towing strap was inserted into the whale’s
upper jaw so that it could be brought back to shore, sometimes a dis-
tance of 25 or 30 miles. The toggle was reeved into the head rather
than the tail because a whale normally moves forward through the
water (Fig 2).

When John Huston was filming Moby Dick in 1955, he sent a
crew to film actual whaling in Madeira. The early scenes depicting

whalers chasing and harpooning sperm whales show better than any
text the process and the excitement of the chase. The white whale,
unavailable for filming, was represented by several 90-foot steel,
wood, and latex models that were eventually lost at sea off Ireland
to the bewilderment of cruising sailors. Whaling in Madeira, some
500 miles southeast of the Azores, is a smaller version of the Azorean
fishery and was founded by Azoreans. From 1941 to 1949, almost
1000 whales were taken by 102 Madeiran whaleboats. The last fac-
tory was closed in 1981.

Dead whales were usually brought to the stations in the late after-
noon and processed the following day. Before the steam-powered
whaling station was built at Lages do Pico in 1950, the whales were
beached on the rocks at the entrance to the harbor and worked up
there. First the head was cut off with a razor-edged blubber spade,
then the carcass was stripped of its blubber. Formerly, only the teeth
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and the blubber were saved, but in later years, the meat was used in
the manufacture of fertilizer and livestock feed.

The statistics of the number of whales obtained are not available,
but from 1895 to 1897 some 480,0001 of whale oil were exported
from the Azores. Up to the opening years of the twentieth century,
the Azorean fishery had flourished, but by the time of World War I,
it had begun to flag. Sperm oil had been used in England and the
United States primarily for the manufacture of fine candles, but by
1910 paraffin was substituted and candles became cheaper. Sperm
oil had only a limited application in the manufacture of cosmetics
and medicinal salves, and because the market was diminishing, the
catches decreased as well. In 1910, the Azores accounted for some
73% of all sperm whales caught in the world, but by 1915, the figure
had fallen to a depressing 3.8%. World War II saw the return of the
factory fleets to the high seas, and their pursuit of sperm whales in
the North Atlantic reduced the Azorean catch. In 1949, there were
only 125 canoas operating out of 19 stations, and the total catch was
some 500 whales. As the whaling industry declined and the economy
of the islands plummeted, there was a mass evacuation. Whaling was
perceived as a dangerous occupation (in 1974 two men were killed
when a whale smashed a canoa), and it became increasingly difficult
to interest young men in this line of work. Many Azoreans crossed
the Atlantic to take up residence in New England, and the large
Portuguese-speaking enclaves in Massachusetts and Rhode Island
are the results of that emigration.

Sperm whale teeth, stored in the Azores, have been finding their
way to New England where they are carved into scrimshaw and sold
illegally to unsuspecting collectors. There is still a cottage scrimshaw
industry in the Azores, but with the passage of the Marine Mammal
Protection Act in 1972, it has become illegal to bring whale products
into the United States, and the European Economic Community has
also imposed strict prohibitions on the import of whale products.
With the disappearance of the Azorean markets, the whaling indus-
try has ground to a halt.

Although Portuguese observers attended the meetings of the
International Whaling Commission for many years, the country
never applied for membership in the commission, perhaps because
the government realized that participation would result in sanctions
against her whaling. By 1966 sperm whales had been placed in the
“protected” category, which meant that they could not be legally
killed anywhere. The Azoreans continued to fish in a sporadic fash-
ion, but like so many other whaling operations, theirs was an ecologi-
cal and economic anachronism, doomed to obsolescence.

In a 1976 National Geographic article, Don Moser (1976) wrote
that “whaling is dying out in the Azores,” and quoted harpooner
Almerindo Lemos as saying he can make more money working on a
tuna boat. “But I have a craving,” says Lemos, “I have an addiction.”
In 1976, only 200 whales were killed, and since then the number has
dropped. In 1982 the boats were still visible, and there were huge
piles of dried-out skulls and bones, but it was obvious that the indus-
try, if not over, was on its last legs.

Although commercial whaling officially ceased in 1984, the
Azorean Department of Fisheries issued a permit for five male
sperm whales to be taken in 1987 in an attempt to stimulate the
Azorean economy. Three whales were harpooned and brought to
shore, but since the whaling factories had closed down, there were
minimal facilities for processing them. A tractor was used to strip off
the blubber, and some of the meat was sold for fish bait and fertilizer.
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The rest of the carcasses were towed out to sea and discarded, and
the teeth were made into scrimshaw trinkets. In their 1988 TWC
report, Deimer et al., (1988) wrote:

The killing of whales led to a debate and protest both inside
and outside the Azores. The member of the European
Parliament for the Azores, Prof. Vasco Garcia, was prominent
amongst those opposing the whaling and proposed that other
ways, such as whale-watching, should be found to exploit the
region’s cetacean resources. The Azores position as a semi-
autonomous part of a new member of the EEC added a fur-
ther complication to the situation. It appears that whaling is
still permitted within the archipelago.

The idea of initiating a whale-watching business in the islands as
a means of “exploiting the region’s cetacean resources” was a brilliant
one, and a decade after Azorean whaling officially ended, a number
of companies are offering voyages to the whales. Sperm whales, the
very creatures that formed the basis of Azorean whaling, are now the
prime attraction there, because, as one website puts it, “the archipel-
ago of Azores is one of the best sites in Europe for the observation
of cetaceans. It is one of the few places on earth where it is possible
to meet sperm whale pods of females with their offspring.” Off Sao
Miguel and Pico islands, watchers might espy blue whales, fin whales,
humpbacks, sei whales, and many different species of dolphins
including killer whales (which are really large dolphins), false killer
whales (ditto), common dolphins, bottlenoses, and Atlantic spotted
dolphins. Whaling has ended in the Azores, after a century of inten-
sive exploitation, and the Museu dos Baleeiros in Lages do Pico, with
its whaleboats, harpoons, and scrimshaw, exists as a reminder of the
glorious days of Azorean whaling. The switch from whale-killing to
whale-watching shows that it is possible for a society to recognize that
whales do not have to be killed to provide jobs and income for locals.

See Also the Following Articles
Whaling, Early and Aboriginal m Whaling, Traditional
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in small insectivorous placentals (orders Afrosoricida,
Erinaceomorpha, and Soricomorpha), Chiroptera, Primates,
Rodentia, and Carnivora (Burt, 1960). Among marine mammals, it
is present in Ursidae (polar bear, Ursus maritimus), all Mustelidae

The baculum (os penis) is a bone in the penis that occurs

[including the marine otter, Lontra felina (undescribed but pre-
sumed) and the sea otter, Enhydra lutris], and Pinnipedia. The bac-
ulum is absent in Cetacea and Sirenia. The corresponding element
in females is the little-studied clitoris bone (os clitoridis), which has
been documented for polar bears and several pinniped species, but
presumably is present in all pinnipeds, and in marine and sea otters
(it is present in the northern river otter, Lontra canadensis; Mohr,
1963; Fay, 1982).

The baculum is one of several so-called heterotopic bones in
mammals, like the kneecap (patella), which form through ossifica-
tion in connective tissue. In rodents, the bacular shaft is true bone,
and includes hemopoietic tissue in the enlarged basal portion. In the
caniform Carnivora (which includes bears, otters, and pinnipeds)
bacular development has been detailed only in the dog (Canis famil-
iaris) but is probably similar in other Caniformia. The dog baculum
develops in the proximal portion of the penis, in association with
the fibrous septum between the paired corpora cavernosa penis, or
in their fibrous non-cavernous portion; centers of ossification on left
and right sides fuse early in development. The developing baculum
grows dorsally above the urethra, and thickens. The bacular base
becomes firmly attached to the corpora cavernosa and to the fibrous
tunica albuginea which surrounds them.

The urethral groove in the baculum is deep in the dog but is shal-
low to absent in bacula of marine mammals (Fig. 1A lower, 1B lower),

Figure 1 Bacula of marine mammals are large, but most are morphologically simple: (A) polar bear (Ursus maritimus);
(B) subantarctic fur seal (Arctocephalus gazella); (C) Mediterranean monk seal (Monachus monachus); (D) crabeater seal
(Lobodon carcinophagus); (E) Weddell seal (Leptonychotes weddellii). All scale bars, 5¢m (no scale bars for E2, E3). Bacula
in (A)«(D) are shown in right lateral (upper) and ventral (lower) views. E1: Baculum in right lateral view (note cross-
sectional shapes at the indicated points). E2: Oblique view (right side) of the bacular apex (same specimen); dashed line indi-
cates how much growth occurs in the crest (above the line), following sexual maturity. E3: Apical view (dorsal surface above;
same specimen). A from R. Didier (1950; Mammalia 14, 78-94); B from R. Didier (1952; Mammalia 16, 228-231); C from
P J. H. van Bree (1994; Mammalia 16, 228-231); D from R. Didier (1953; Mammalia 17, 21-26); E from G. V. Morejohn

(2001; Journal of Mammalogy 81, 877-881).
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Figure 2 The bacular apex is morphologically complex and inter-
specifically diverse in Otariidae. The apex is shown in apical view
(dorsal surface up) for (A) unknown species of Arctocephalus fur
seal; (B) northern fur seal (Callorhinus ursinus); (C) California sea
lion (Zalophus californianus); (D) Australian sea lion (Neophoca
cinerea); and (E) Hooker’s sea lion (Phocarctos hookeri). From
G. V. Morejohn (1975; Rapports et Proces-verbaux des Reunions,

Conseil International pour I'Exploration de la Mer 169, 49-56).

although is likely present terminally in the undescribed baculum
of the marine otter, because this is the pattern in the northern river
otter (Baryshnikov et al., 2003). Bacula of polar bears and phocid
seals are fairly simple, being more or less straight or slightly curved
(arched dorsally) structures, and lacking elaborate apices (Fig. 1).
In at least some phocids, the bacular apex has a prominent cartilagi-
nous cap (e.g., hooded seal, Cystophora cristata). Cross-sectional
shapes of phocid bacula vary considerably among species, and a
prominent crest develops on the anterior dorsal surface in some
Antarctic seals (Fig. 1E). The bacular apex is larger and more elab-
orate in otariids than phocids, in keeping with the close proximity
of the apex to (beneath) the glans penis in otariids where apical size
and shape may be functionally important during copulation (Fig. 2).
Mustelids possess some of the most diverse and morphologically
elaborate elaborate bacula within the Caniformia, although that of the
sea otter is relatively simple (Fig. 3; Baryshnikov et al., 2003). Within
species, bacula are variable in size, shape, cross-section, and specific
structural features, even among individuals of the same age. For exam-
ple, a dorsal keel may be present or absent in southern elephant seals
(Mirounga leonina); processes on the shaft near the apex are variably
present in California sea lions (Zalophus californianus); and bacula
may be bilaterally asymmetrical or slightly twisted (Fig. 1D).

Bacula of Carnivora are fairly large (Dixson, 1995; Lariviére and
Ferguson, 2002; Ramm, 2007). Bacular length is approximately 6% of
body length in otariids, but relatively longer in polar bears (~8%) and
phocids (8% in hooded seals; 10% in harp seals, Pagophilus groen-
landicus); the baculum is also much thicker in phocids than otariids
(Mohr, 1963; Scheffer and Kenyon, 1963). In pinnipeds, and indeed
among all mammals, the walrus (Odobenus rosmarus) has the largest
baculum both absolutely (to 62.4cm in length and 1040 ¢ in mass) and
relatively (18% of body length; Fay, 1982). Interspecific differences in
bacular size in mammals have been linked to diverse selective pres-
sures: reproductive isolation between species; aquatic vs terrestrial
copulation; copulatory duration or pattern; sexual selection and mat-
ing system; climate; and risk of fracture (Scheffer and Kenyon, 1963;
Eberhard, 1985; Dixson, 1995; Lariviére and Ferguson, 2002; Ramm,
2007). Fractures result from accidents (e.g., falls in walruses), sudden
movements during intromission (e.g., in aquatically mating Caspian

Figure 3 The baculum of the sea otter (Enhydra lutris) is fairly simple,
except for the apex (to the right). Top: dorsal view; center, ventral view; bottom,
right lateral view. Scale is in centimeters. From K. W. Kenyon (1969; North
American Fauna 68, 1-352).
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Figure 4 Developmental changes in bacular size and shape, illustrated by repre-
sentative specimens from northern fur seals (Callorhinus ursinus), ranging in age from
newborn (left) to 8 years of age (right). Specimens are shown in right lateral view, with
bacular apex at the top. Scale is in centimeters. From V. B. Scheffer (1950; Journal of

Mammalogy 31, 384-394).

seals, Pusa caspica), and aggressive social interactions (e.g., fights
in adult male sea otters). Healed fractured bacula have been docu-
mented for several species. Bacula likely serve several functions: as a
mechanical aid in copulation (especially in the absence of full erec-
tion), or maintenance of intromission, in aquatic copulations; and to
initiate or engage neural or endocrinological responses in females.
Bacular size may be limited by adverse effects on females: a female
sea otter and a harbor seal (Phoca vitulina) pup died from perforation
of the vagina during forced copulations with male sea otters. Bacular
form and diversity reflect multiple functions, and hence likely have
multiple adaptive explanations within and across species.

In Carnivora, bacula grow throughout life in thickness and mass
(particularly at the proximal or basal end), but not in length (Fig. 4).
Bacular growth is most rapid around puberty. Differential growth
occurs in different parts of the baculum (e.g., bacular apex, shaft, and
base, in Steller’s sea lion, Eumetopias jubatus; Miller et al., 2000).

The baculum is anatomically complex and species-specific in
many groups, so has been used extensively in mammalian system-
atics. In addition, bacular growth has been investigated in furbear-
ers and game animals, because it can be informative about age and
time of puberty. More recently, the baculum has been studied in the
context of mate-choice and sexual-selection theories. In Alaska, the
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Figure 5 Genitals of African fur seal (Arctocephalus p. pusillus)
drying under a work table at a seal processing facility in Luderitz,
South Africa (1994). Photo: ©International Fund for Animal
Welfare.
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Figure 6 Cooked seal genitals prepared as a meal in the
Guolizhuang Penis Restaurant, Beijing, China (September 7, 2007).
These were advertised as Canadian seal, so probably were from a harp
seal (Pagophilus groenlandicus), and killed in the commercial hunt in
Quebec or Newfoundland and Labrador. Photo: Feng Li/Gettyimages.

U.S. Fish & Wildlife Service requires that hunters leave the baculum
attached to the hide of sea otters and polar bears, to confirm sex.
The seal baculum forms most of the mass of the male genitals that
are taken illegally and legally [e.g., in commercial hunts of African
fur seals (Arctocephalus p. pusillus) in Namibia, and harp seals in
Canada], and are usually dried, then sold (mainly in Asia) whole
or ground, for use as supposed aphrodisiacs or in traditional medi-
cine (Fig. 5); they are also exported frozen, and served as putatively
aphrodisiac-containing food (Fig. 6). Sexual maturation and repro-
duction may be affected by pollutants, so bacular size and form also
may be informative in studies on pollution biology.

See Also the Following Articles

Male Reproductive Systems m Mating Systems
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Baiji
Lipotes vexillifer

Kaiva Znou

I. Characteristics and Taxonomy
he baiji or Yangtze river dolphin is endemic to the middle
I and lower reaches of the Yangtze River in China. It is a relict
species and the only living representative of a whole family of
mammals. It was described early in the ancient dictionary, Erh Ya,
published as long ago as 200 Bc.

The baiji is a graceful animal with a very long, narrow and slightly
upturned beak. It can be easily identified by the rounded melon, lon-
gitudinally oval blow hole, very small eyes, low triangular dorsal fin,
and broad rounded flippers (Fig. 1). The color is generally bluish gray
or gray above and white or ashy white below. Females are larger than
males. Maximum recorded length for females is 253 cm and for males
is 229cm (Zhou, 1989). Significant differences between the sexes in
external proportions were demonstrated in nine characters, and the
skull size is also sexually dimorphic (Gao and Zhou, 1992a, b). The
mouth is lined with 31-36 teeth in each tooth row. The crown of the
tooth is conspicuously inclined labially and is slightly compressed
antero-posteriorly. Its upper half recurves interiorly. The lower half
of the lingual side of the crown is a broad, rounded cingulum. The
enamel of the entire crown is ornamented with irregular vertical
striae and ridges which present a reticular appearance. The lower end
of the root widens to form slight anterior and posterior projections
(Zhou et al., 1979a). The structure of the stomach is unique in ceta-
ceans. The forestomach is lacking, and the main stomach is divided
into three compartments. The connecting channel between the main
stomach and the pyloric stomach is absent (Zhou et al., 1979b). The
skull is characterized in having an extremely long slender rostrum and
mandible (Fig. 2). The rostrum length exceeds two thirds of the con-
dylobasal length. The rostrum bows slightly upward, bends left at the
anterior end and is constricted transversely posterior to the end of
the tooth row. The total number of vertebrae ranges from 41 to 45.
The seven cervical vertebrae are unfused. The costal facets of the
second to fifth thoracic vertebrae are located on the posterior edge
of the centrum. The facet on the posterior edge of the sixth thoracic
disappears or is vestigial, and that of the seventh thoracic sits on the
anterior edge of the vertebral body (Fig. 3). The position of the costal
facet on the thoracic vertebrae in baiji is unique and is opposite to that
in the boto, Inia geoffrensis. This feature is one of the morphological
bases for favoring rejection of close relationship between the two taxa.

The largest brain weighed was 590g (Chen, 1979). The larg-
est cranial capacity measured was 590cm (Zhou et al., 1979a).
Comparing brain weight with that in delphinids of similar body size,
the former is only about half of the latter. The cerebral hemispheres
are short, wide, and highly convoluted. No trace of olfactory bulbs,
tracts, or olfactory nerves has been found. The Yangtze River is
turbid. The visibility from the surface downward is about 25-35cm
in April and 12c¢m in August. A corresponding regression has taken
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Figure 1 Carcass of 2.45-m adult female baiji with a notch in its dorsal fin; found drifting
down river near Jiangyin on 15 January 1996. From Zhou et al. (1998).
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Figure 2 Adult skull of Lipotes vexillifer, specimen NJNU 7907, female, CBL 616mm,
collected in 1979 from Guichi City, Anhui Province, China.
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Figure 3 Seventh cervical vertebra and thoracic vertebrae of Lipotes vexillifer. From
Zhou (1989).

place in the eye of the baiji. The eyes are much smaller and placed
much higher than those of marine dolphins. The retinal ganglion cell
and optic fiber numbers in baiji are 23,800 and 21,000, respectively
(Gao and Zhou, 1987; Gao and Zhou, 1992a, b). Both counts are
much lower than those in marine odontocetes. However, the eye of
the baiji is functional and objects on the surface or near the surface
directly in front of the eye can be distinguished (Zhou, 1989).

Since the baiji was nominated as a member of the Iniidae in 1918
(Miller, 1918), its systematic status and phylogenetic position among
the four genera of classical river dolphins and other odontocetes has
remained controversial for almost a century (Yan et al., 2005). The
species was previously classified as either in the family Platanistidae or
in the family Iniidae (Brownell and Herald, 1972). Zhou et al. (1978)
established the new monotypic family Lipotidae based on osteological
studies and anatomy of the stomach. Barnes (1985) recognized a fossil,
Parapontoporia, as morphologically intermediate between Pontoporia
and Lipotes and placed Lipotes and the fossil taxon in a subfamily of
Pontoporiidae. Conversely, Muizon (1988) placed the fossil taxon
with Lipotes in Lipotidae, and Rice (1998) following Muizon to rank
Lipotidae as a family. Molecular phylogenetic studies based on mito-
chondrial and nuclear genes, short interspersed elements (SINEs),
and the complete mitochondrial genome since 2000 have strongly sup-
ported the referral of Lipotes to a separate family Lipotidae (Cassens
et al., 2000; Hamilton et al., 2001; Nikaido et al., 2001; Yang et al.,
2002; Yan et al., 2005).

The only fossil placed close to L. vexillifer is Prolipotes yujian-
gensis (Zhou et al., 1984). The fossil is a fragment of mandible with
teeth, including the posterior part of the symphysial portion and ini-
tial part of the free portion of the mandibular rami. It was collected
from the bank of the Yujiang River in China and considered roughly
as Miocene in age. This indicates that the baiji is a relict species.

Parts of eastern and southern China are low-lying deltaic regions
formed of sediments deposited by the area’s river systems, such as the
Yangtze and the Yujiang. Significant sea-level rise would transform
these regions into shallow waterways of mixed fluvial and marine ori-
gin. This scenario is consistent with the geographical occurrence of
the mandibular fragment in southern China (Hamilton et al., 2001).

II. Distribution and Abundance

Baiji were in recent decades mainly in the mainstream of the mid-
dle and lower reaches of the Yangtze River (Zhou et al., 1977). They
did occur historically in Dongting and Poyang Lakes; both were
appended water bodies of the Yangtze during intense flooding (Zhang
et al., 2003). About the turn of the twentieth century, Hoy and Pope
collected specimens separately from Dongting Lake and near its
mouth, where the lake joins the Yangtze. Dongting Lake was thus
incorrectly reported to be the only habitat. The presence of this dol-
phin in the Yangtze River is noted in documents going back about 2000

years, when it was known only by the ancient name “Ji.” In the 1940s,
the uppermost records in the Yangtze River were at Huanglingmiao
and Liantuo in the Three Gorges area, approximately 50km upstream
of the Gezhouba Dam near Yichang (Zhou et al., 1977). Tt could be
found up to Yichang in the 1960s, which is about 1700km up from the
mouth of the river. However, the range was no farther upstream than
Zhicheng in the 1970s and then Jingzhou (formerly called Shashi) in
the 1990s (~170km downstream of the dam site). In the lower part
of the river, specimens were obtained in the Yangtze estuary, off the
eastern end of Chongming Island, Shanghai, in the 1950s and 1960s
(Fig. 4). The range has been no farther downstream than Liuhe since
the 1970s. No dolphins were found downstream of Jiangyin, located
256km upstream of the mouth during surveys in 1997-1999 (Zhang
et al., 2003). Some individuals were seen in Fuchun River, immedi-
ately south of the Yangtze, during the great flood of 1955, but they dis-
appeared after the construction of the Xinanjiang Hydropower Station
in 1957 (Zhou et al., 1977).

The first rough estimate of abundance based on quantitative sur-
vey data (1979-1981) was only about 400 animals (Zhou, 1982). On
the basis of surveys conducted in 1985-1986, Chen and Hua (1989)
made an educated guess that the total population was around 300.
Surveys between 1982 and 1986 suggested that there were 100 baiji
in a 770-km segment of the lower Yangtze from Hukou to the river
mouth (Zhou and Li, 1989). An estimate made by another research
group based on surveys in the same segment in 1985-1986 was 78-79
dolphins (Chen and Hua, 1989). Repeated surveys of a 500-km seg-
ment of the lower Yangtze (Nanjing-Hukou) in 1989-1991 produced
a maximal count of 12 individuals, leading Zhou et al. (1998) to infer
a total abundance of about 30 baiji in that river segment. The authors
reasoned that if the species still inhabited its historical range of about
1700 linear km of river, with a density similar to that found in their
study area, the total population in the early 1990s would have been
only about 100. Attempted comprehensive surveys of the entire spe-
cies” range in 1997-1999 resulted in a maximal count (November
1997) of 13 dolphins (including one calf), leading to the generally
accepted view that abundance had continued to decline and that the
total population was by that time very small. The sighting rate in the
3 years of surveys declined at an annual rate of about 10% (Zhang
et al., 2003). Informed guesses in the early 2000s were that there
could be only “a few dozen” and “very likely ... less than a hundred”
(Reeves et al., 2003) baiji left. An intensive 6-week multi-vessel visual
and acoustic survey carried out in November—December 2006, cover-
ing the entire historical range of the baiji in the main Yangtze chan-
nel, failed to find any evidence that the species survives. Although a
few undocumented sightings have been reported since 2004, the last
authenticated records were that of a stranded pregnant female found
in 2001 and a live animal photographed in 2002. The baiji is now
thought to be probably extinct (Turvey et al., 2007). In other words,
there is no chance for survival of the species.
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Figure 4  Map of China showing distribution of baiji, Lipotes vexillifer, and
collection locality for the fossil, Prolipotes yujiangensis. (A) Huanglingmiao
and Liantuo, the uppermost records in the 1940s; (A) Yichang, the uppermost
records in the 1960s; (O) Zicheng, the uppermost records in the 1970s; (@)
Jingzhou, the upstream limit of distribution in the 1990s; (O) Distribution in
the 1990s; (V) Yangtze estuary, the lowest records in the 1950s and 1960s;
(V) Liuhe, the downstream limit of distribution in the 1970s; (O) Tonglu and
Fuyang, records in the 1950s in the Fuchun River; (@) Guiping, locality where

the fossil Prolipotes yujiangensis, was found.

III. Ecology

The river sections inhabited by the baiji were characterized by
having one to several sandbars. Baiji were usually sighted immedi-
ately upstream or downstream of a sandbar, where a tributary enters
the river. They were generally found in eddy countercurrents below
meanders and channel convergences. These areas of former baiji
occurrence are also prime fishing areas, set with nets, traps, and
hooks (Zhou and Li, 1989).

The baiji appears to have taken any available species of freshwa-
ter fish, the only selection criterion being size. The fish could not be
so large that it could go down the throat. Sometimes, dead fish were
seen floating on the Yangtze with patches of scales torn off. They are
believed to have been prey of baiji. At times, a baiji tried a number
of times to swallow a larger fish, but in vain and finally let go (Zhou
and Zhang, 1991). Occasionally, baiji and Yangtze finless porpoises
(Neophocaena phocaenoides asiaeorientalis) groups appeared to feed
together for short periods (Zhou et al., 1998).

IV. Behavior and Physiology

Baiji lived in small groups. In the 1980s, the most common group
size was 3—4 animals; the largest group observed was about 16 indi-
viduals in the middle reaches of the Yangtze River. These larger
groups were probably temporary aggregations of several groups. The
baiji usually surfaced without causing white water and breathed in a
smooth manner (Fig. 5). It had a sequence of several short breathing

Baiji in the Yangtze River near Tongling. From Zhou and
Zhang (1991).

Figure 5

intervals (10-30sec) alternating with a longer one, the longest one up
to 200sec (Zhou et al., 1994). Photographic identifications and sight-
ing records showed that baiji groups made both local and long-range
movements. The largest recorded range of a recognizable baiji was
more than 200km from the initial sighting location (Zhou et al., 1998).

Three kinds of behavior, individual behavior, social behavior, and
rhythmic behavior, were observed. Clockwise swimming occurred in
night, and counterclockwise swimming took place mostly in the day-
time. The total duration of either type of swimming in the course
of 24h was nearly equal. Typical resting behavior occurred at night,
with peaks in January and May—August (Liu and Wang, 1989). The
baiji likely had two main kinds of signals, communication signals and
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Figure 6  Baiji taken from the Yangtze River near Nanjing in 1982, with 103 hook
scars and 5 ulcers in the skin.

echolocation signals. The former fell into several categories: call sig-
nals, bellows of short duration, and squeaks (whistles). Echolocation
signals were composed of one pulse train. The bandwidth of these
signals was wide and the energy mainly in ultrasonic frequencies
(Wang et al., 1989).

V. Life History

The baiji probably bred and gave birth in the first half of the year.
The peak calving season appeared to be February-April. Body length
at birth was estimated to be 91.5cm for both males and females. Calves
were closely accompanied by adults and remained alongside and slightly
behind the dorsal fin of their presumed mother (Zhou and Li, 1989).
They had about the same growth rate until they were about 4 years old
based on estimates of dentinal growth layer groups (GLGs), which was
the age at sexual maturation for males. After sexual maturation, males
grew more slowly than females. The females attained sexual maturation
at about 6 years. They continued to grow until about age S. The small-
est mature male and female described were 180cm and 200cm long,
respectively. The oldest animal that was age-determined was a 242-cm-
long female of 24 years of age, and a 21-year-old male was estimated to
be about 214 cm in body length (Gao and Zhou, 1992a, b).

VI. Interactions with Humans

Unlike the case for most historical-era extinctions of large-bod-
ied animals, the baiji was the victim not of active persecution but of
incidental mortality resulting from massive-scale human environ-
mental impacts (Turvey et al., 2007). The range contraction and the
decline in abundance were caused by a combination of factors: possi-
bly some level of direct exploitation historically; incidental mortality
from interactions with fisheries (Fig. 6); vessel traffic; management
of navigation channels, and harbor construction; and loss or degrada-
tion of habitat by water development, land use practices, and pollu-
tion (Chen and Hua, 1989; Zhou et al., 1998).

The Yangtze River is one of the chief river systems of the world,
next only to the Nile and the Amazon in length. Nearly one-third of
the population of China or almost 10% of the entire world popula-
tion lives along the Yangtze Valley. It is suffering massive degradation.
The banks of the Yangtze have been extensively modified to prevent
destructive flooding of agricultural areas, thus reducing the floodplain
area. Construction of dams and other barriers along the river and its
tributaries has led to changes in fish abundance and distribution. Waste
water volume discharged into the Yangtze is about 15.6 billion cubic
meters per year. Approximately 80% of the waste waters are discharged

directly into the environment without treatment. Up to 1949, approxi-
mately 500 domestic commercial vessels operated on the river (Zhou
et al., 1998). River traffic increased drastically when China launched
the free-market reforms in the 1980s. During the whole-range
survey in 2006, a minimum of 19, 830 large shipping vessels (>1 ves-
sel per 100m of river surveyed) and 1175 fishing vessels were seen
between Yichang and Shanghai (Turvey et al., 2007).

The baiji is classified in the World Conservation Union (IUCN) Red
List as Critically Endangered—Possibly Extinct. It is designated in the
Chinese national First Category of National Key Protected Wildlife
Species and has full legal protection throughout its range. Unfortunately,
the major threats are continuing, and conservation efforts were unable
to save the baiji from extinction. The baiji is the first cetacean species
known to have been driven to extinction by human activity.

See Also the Following Articles
River Dolphins m River Dolphins: Evolutionary History and Affinities
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I. Introduction
The sense organ of balance for the perception of movement

and spatial orientation is part of the inner ear, together with
the organ of hearing. The mammalian inner ear is housed
inside the petrous part of the temporal bone, in a complex-shaped
space known as the bony labyrinth. The organ of balance, or vestibu-
lar system, consists of two types of motion sensors. The first one, two
otolith organs in the membranous utricle and saccule, informs the
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Figure 1 Schematic representation of the semicircular canal and
otolith systems, only showing the utricle and one membranous duct.
The respective inputs, rotational and linear acceleration, and inertia-
based responses of the endolymph and macula are indicated.

brain about changes in gravitational direction and other forms of lin-
ear acceleration of the head. In each organ resides a matrix of gel
with embedded dense crystals (a macula with otoliths or otoconia),
which deforms by inertia in response to such head movements, and
this is detected by an associated bed of hair cells (Fig. 1). Little is
known of the mammalian otolith system in a comparative context in
general, and in relation to life in marine environments in particular.
Hence, this part of the organ of balance will not be considered fur-
ther here (see Spoor and Thewissen, 2008, for details).

The second type of motion sensor concerns the semicircular canal
system, which perceives rotational (angular) head movements. It com-
prises of three membranous ducts, anterior, posterior and lateral, that
run inside the semicircular canals of the bony labyrinth. Each duct is
connected with the membranous utricle inside the vestibule of the
bony labyrinth, and thus forms a fluid circuit filled with endolymph
(Fig. 1). The ampulla, a swollen section at one end of each duct, con-
tains a cupula, a gelatinous structure which seals the duct. Changes in
head rotation, acceleration or deceleration, will cause the endolymph
to lag behind by inertia, slightly deforming the cupula. This is detected
by haircells with cilia embedded in the cupula, and provides the neu-
ral output, which encodes the head rotation (NB: instant mechanical
integration by the system makes that the neural output is directly pro-
portional to rotational velocity, rather than acceleration). The three
semicircular ducts of each ear are oriented in approximately orthogo-
nal planes, and any head rotation will thus be sensed by at least one
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duct. Moreover, the output from both ears is integrated to provide
comprehensive representation of self-rotation. This information,
combined with otolithic, visual and proprioceptive input, helps
coordinate posture and body movements during locomotion, including
the reflex stabilization of the head and eyes.

Empirically a relationship has been found among mammals
between the length of the semicircular ducts of a species and its spe-
cific locomotor repertoire (Spoor et al., 2007). Species that are agile
and have fast, jerky locomotion have significantly larger-arced, and
thus longer ducts relative to body mass than those that move more
cautiously. Presumably this is because longer ducts render the canal
system more sensitive, and adjusting length is a way of fine-tuning the
sensitivity to match the requirements of particular locomotor behav-
iors. Relatively long, more sensitive ducts that characterize agile ani-
mals can instantly resolve small changes in head rotations and this
is thought to be important for precise body coordination during fast
and highly maneuverable locomotion. Other functionally important
aspects, such as the lumen size (cross-section) of the ducts, the viscos-
ity of the endolymph, or the structure of the cupula, have not been
studied comprehensively in a comparative context.

II. Comparative morphology

Differences between aquatic and terrestrial mammals are largely
known from studies using computed tomography (CT) to assess the
bony semicircular canals rather than the enclosed membranous ducts.
Valid functional information can nevertheless be obtained because the
length of the duct along its arc is reliably reflected by that of the canal.

All cetacean species examined thus far have fully developed semi-
circular canals. However, taking into account the species™ overall size
they are remarkably small compared with other mammals and in par-
ticular with terrestrial species showing rapid and agile locomotion (Fig.
2). This can be demonstrated by measuring the average arc size of the
canals, expressed by their radius of curvature (Fig. 1), and plotting it
against body mass (as a measure of overall size). Among cetaceans the
canal arc size varies with body size in the same way as other mammals
(Fig. 3: regression lines are parallel). However, all cetacean species fall
way below other mammals, as their canals are on average three times
smaller for their body mass. In broad terms these differences mean that
the canals of the blue whale (Balaenoptera musculus) are just smaller
than those of humans, and those of the bottlenose dolphin (Tursiops
truncatus) are smaller than those of a brown rat (Rattus norvegicus).

The semicircular canal arc size in fossil cetaceans that document
the transition from land to water reach the small, modern proportions

(A) (B) ©)

Figure 2 Infero-lateral view of the bony labyrinth of (A) a
typically agile primate Galago senegalensis, (B) the artiodactyl
Hippopotamus amphibius, a sister taxon of extant cetaceans, and (C)
the dolphin Tursiops truncatus. Images rendered from CT scans and
corrected for body mass.

s

in the middle Eocene (Spoor et al., 2002). Only the earliest cetaceans
(pakicetids) have canals with the proportions of land mammals.

Sirenian semicircular canals have been studied in the dugong and
the manatee (Dugong dugon, Trichechus inunguis). They are small
in arc size, at the lower end of the range of non-cetacean mammals
(Fig. 3).

Pinnipeds of which the canal arc sizes have been examined
include three phocids, four otariids, and Odobenus rosmarus. The
latter is not significantly different in arc size from terrestrial carni-
vores (27 species). On the other hand, all three canals are larger in
the phocids, whereas the otariids have smaller anterior and posterior
canals. See Spoor and Thewissen (2008) for details.

ITI. Functional Interpretation

The semicircular canal system of cetaceans is distinctly different
from that of all other mammals, by having strongly reduced arc and
lumen sizes. The regular pattern of this reduction suggests a functional
adjustment of the system, rather than a vestigial condition marked by
degeneration and redundancy. The hypothesis explaining this phenom-
enon, while being fully consistent with the pattern of canal variation
seen in other mammals, is based on two key characteristics of ceta-
ceans. The first one is that extant cetaceans, freed from the restrictions
of gravitational pull and the need for substrate contact, are particularly
agile and acrobatic when compared with terrestrial animals of simi-
lar body size (e.g., compare the killer whale Orcinus with the African
elephant Loxodonta, or the dolphin Tursiops with the larger bovid
species). The second characteristic is that cetaceans have integrated
their head and trunk to streamline the body, and in most species the
strongly shortened and frequently fused cervical vertebrae allow little
neck motility. This has important implications because a motile neck
isolates the head from body movements during locomotion. Head
rotations are reduced, both passively by inertia, and actively via com-
pensatory neck movements generated by the vestibulo-collic reflex.
The canals supply this reflex, and by stabilizing the head thus keep
their own input signal within limits. This feedback loop allows the
semicircular canals of agile species to be sensitive (i.e., large-arced),
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Figure 3 Average arc size of the three semicircular canals (radius
of curvature, indicating duct length) plotted against body mass.
Reduced major axis regressions are given for the non-cetacean mam-
mal sample (174 species, ®) and for the cetaceans (16 odontocetes, o,
and 8 mysticetes, m). The dugong (Dugong dugon, d) and manatee
(Trichechus inunguis, ¢) are labeled individually.
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without the risk of overstimulation. In cetaceans, on the other hand,
little neck motility and ineffective head stabilization combined with
acrobatic locomotion implies that the semicircular canal system is
likely to experience substantially stronger rotatory input (resulting
from movements of the entire body) than in terrestrial mammals of
similar body size. The small arc size of cetacean canals may therefore
reduce the sensitivity to match the high levels of uncompensated rota-
tions, and avoid overstimulation of the canal system. The loss of canal
sensitivity, in response to streamlining of the body, is arguably less
critical in an aquatic environment than in, for example, an arboreal
setting where less accurate sensory clues easily impair locomotor con-
trol. Moreover, less effective stabilization of the eyes is not critical in
cetacean navigation which is driven by sonar rather than visual clues.
Kinematic analyses of cetacean head motion in comparison with ter-
restrial mammals of similar size will be essential to test the hypothesis
that the cetacean canal system experiences stronger rotatory input.

Sirenians do show reduced neck motility, but not the extreme
semicircular canal reduction of cetaceans. However, they are slow
and cautious in their swimming, so that fast and effective head stabi-
lization is not a factor of importance. Their canal size is at the lower
end of the non-cetacean mammalian variation, as are terrestrial spe-
cies that are slow and cautious in their locomotion.

Among pinnipeds the semicircular canals of phocids and otariids are
different in arc size from terrestrial carnivores, but none show the dra-
matic size reduction seen in cetaceans. This is expected because they all
have motile necks enabling effective head stabilization. Likewise, that
phocids have larger canals than terrestrial carnivores is expected, as they
are particularly agile in their swimming, and thus follow the normal pat-
tern seen among non-cetacean mammals. However, the smaller anterior
and posterior canals of otariids are more difficult to understand. Otariids
use a different mode of propulsion than phocids, a bird-like forelimb
flight stroke, as opposed to bilateral hind limb undulation, and with a
longer neck their center of gravity is located further forward. However,
it is not clear how the otariid’s smaller canals with reduced mechanical
sensitivity relates to either their locomotor pattern or their body plan.

See Also the Following Article

Sense Organs, Overview
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Baleen

DarLe W. Rice

refers collectively to the series of thin keratinous plates (“baleen

The term baleen (also called whalebone) is a mass noun that
plates,” Fig. 1) that make up the filtering apparatus in the mouth

Baleen

of a baleen whale. The word derives from the Classical Latin Balaena
and ultimately from the Greek ®éX\awva [phallaina], “whale.”

Baleen plates are suspended from the whale’s palate and are
arranged in a row down each side of the mouth, extending from
the tip of the rostrum back to the esophageal orifice. The left and
right sides are separated by a prominent longitudinal ridge along the
midline of the palate. In the rorquals, the two sides are continuous
around the tip of the palate, but in the other species the two rows
are not confluent. Depending on the species, each “side” of baleen
may contain anywhere between 140 and 430 plates. The plates are
transversely oriented, and are spaced 1 or 2cm apart, leaving a nar-
row gap or slot between adjacent plates. The plates are roughly trian-
gular, with their horizontal basal edges embedded in the palate, their
near-vertical labial edges facing outward, and their oblique, fringed
lingual edges facing the inside of the mouth. Each plate is slightly
curved, with its convex side facing forward, so that its labial edge is
directed slightly backward; when the whale is swimming forward,

Figure 1 Parasagittal section through the palate of a sei whale
(Balaenoptera borealis), at about midlength of the rostrum, showing

the bases of several baleen plates. Anterior is to the right. See Fig. 2
for details.
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Figure 2 Magnified section of the specimen in Fig. 1, showing the
structure of the roots of the baleen plates.

this arrangement helps to direct the flow of water through the inter-
plate gaps from the mouth cavity to the exterior side of the baleen
row. The sizes of the plates are smoothly graded, with the longest
ones half to two-thirds of the way back from the tip of the rostrum,
and only rudimentary ones at the anterior and posterior ends of the
row (Williamson, 1973; Pivorunas 1976, 1979).

Each baleen plate is made up of a middle layer, the medulla,
which is sandwiched between the thin, smooth outer layers, or cor-
tex (Fig. 2). The medulla consists of a mass of fine, hollow, hairlike
keratinous tubules which run parallel to the labial side of the plate,
and terminate along the lingual side; the tubules are embedded in
and cemented together by a horny matrix.

Evolutionarily, plates presumably originated by modification of the
transverse ridges present on the palates of many terrestrial mammals. In
whale fetuses the baleen first appears as a series of crosswise ridges along
each side of the palate. The palatal tissue of baleen whales is arranged
in three layers. The basal layer, several centimeters thick, is the corium.
This is overlain by a thin epithelial layer only a few millimeters thick. The
outermost epidermal layer, several centimeters thick, is simply called the
gum tissue. The corium gives rise to, and is continuous with, the medulla
of each baleen plate, whereas the adjacent epithelial layer is deflected
downward to produce the cortical layers of each plate. The dense, rub-
bery gum tissue does not contribute to the formation of the plates, but
simply fills the spaces between their bases, where it provides them a firm
support. As each plate grows downward, its cortical layers become corni-
fied sooner than the medulla does. This leaves the first few centimeters
of the base of the plate with a layer of soft, highly vascular, corial tissue
sandwiched between the keratinous outer layers; this soft layer is often
called the pulp, by analogy with the pulp in mammalian teeth (Utrecht,
1965). In life, baleen plates are extremely tough and flexible, but once
removed they soon become brittle and are easily fractured.

Throughout the life of the whale its baleen plates grow continu-
ously at their base, and wear away along their lingual margin. The
cortex and the matrix of the medulla erode away first, freeing the ends
of the fibrous tubules for a distance of about 10-20cm. The freed
tubules form a hairy fringe along the entire lingual side of the plate.
The fringes of each plate lie back across the lingual edges of the plates

immediately behind them, the whole forming a dense hairy mat that
covers the internal apertures to the gaps between the plates. This mat
effectively filters out the food organisms while allowing the water to
flow out of the whale’s mouth through the gaps.

Like human fingernails, the thickness of the baleen plates var-
ies with the nutritional state of the whale. Alternating periods of
summer gorging and winter fasting leave a regular series of visible
growth zones on the surfaces of the plates. These zones have been
used to infer the ages of whales, but because of the constant wear,
it is rare for more than five or six zones to remain in a plate (Ruud,
1945). A claim that evidence of individual ovulations could be
detected in the growth patterns of baleen plates was never confirmed
(Utrecht-Cock, 1965).

The number of baleen plates per side, and their maximum size,
shape, color, and other physical attributes are diagnostic for each
species of whale. The right whales (family Balaenidae) with their
narrow, highly arched rostrum have 250-390 narrow and extremely
long plates, about 0.15-0.25m. wide and up to 2.50m. long in the
black right whales (Eubalaena spp.) and 4.00m. in the bowhead
whale (B. mysticetus); they are black with a fine whitish fringe. The
pygmy right whale (Caperea marginata; family Neobalaenidae) has
about 230 narrow, short plates up 0.70-m long and 0.12-m wide; they
are white with a black labial margin. The gray whale (Eschrichtius
robustus; family Eschrichtiidae) has 140 thick but narrow and short
plates, up to 0.10-m wide and 0.50-m long; they are white or ivory
in color, with a coarse white fringe that resembles excelsior. The
rorquals (family Balaenopteridae) with their wide, flat rostrum,
have 270430 plates with a basal width 50-95% of their length,
which varies from about 0.20m in the small minke whales to 1.00m
in the huge blue whale. Each species of rorqual has a different
color-pattern on its baleen plates: humpback (Megaptera novaean-
gliae)—black with dirty-gray fringe; northern minke (Balaenoptera
acutorostrata)—white, sometimes with a narrow black stripe along
labial margin; Antarctic minke (B. bonaerensis) and Omura’s (B.
omurai)—white with a wide black stripe along labial margin; Bryde’s
(B. edeni)—Dblack with light gray fringe; sei (B. borealis)—black with
fine, silky, white fringe; fin (B. physalus)—gray and white longitu-
dinal bands, with fringe the same colors; blue (B. musculus)—solid
black with black fringe. All of the species of Balaenoptera except the
blue whale usually have at least a few all-white baleen plates at the
tip of the rostrum, mostly on the right side; this asymmetry is most
prominent in the fin whale and Omura’s whale.

In the nineteenth century, the long baleen plates of the bowhead
and right whales were much in demand for uses where a tough but
limber material was needed, so they were the most valuable prod-
uct of the whale fishery. Landings of whalebone at United States
ports reached their highest in 1853, with 5,652,300 pounds worth
$1,950,000. The last year that any baleen reached the commercial
market was 1930. Much of it was made into umbrella ribs, corset
busks, and hoops for skirts. The fibrous fringes were used for brooms
and brushes (Stevenson, 1907).
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Baleen Whales (Mysticetes)

Jonn L. BANNISTER

I. Characteristics and Taxonomy
The baleen or whalebone whales (Mysticeti) comprise one

of the two recent (non-fossil) cetacean suborders. Modern

baleen whales differ from the other suborder (toothed whales,
Odontoceti), particularly in their lack of functional teeth. Instead they
feed, on relatively very small marine organisms, by means of a highly
specialized filter-feeding apparatus made up of baleen plates (“whale-
bone”) attached to the gum of the upper jaw. Other differences from
toothed whales include the baleen whales’ paired blowhole, symmetri-
cal skull, and absence of ribs articulating with the sternum.

Baleen whales are generally huge (Fig. 1). In the blue whale,
the largest known animal grows to more than 30-m long and weigh-
ing more than 170 tons. Like all other cetaceans, baleen whales
are totally aquatic, and like most of the toothed whales, they are all
marine. Many undertake very long migrations, and some are fast
swimming. A few species come close to the coast at some part of
their life cycle and may be seen from shore; however, much of their
lives is spent far from land in the deep oceans. Baleen whale females
grow slightly larger than the males. Animals of the same species tend
to be larger in the Southern than in the Northern Hemisphere.

Within the mysticetes are four families: (1) right whales
(Balaenidae, balaenids); (2) pygmy right whales (Neobalenidae, neo-
balaenids); (3) gray whales (Eschrichtiidae-eschrichtiids); and (4)
“rorquals” (Balaenopteridae, balaenopterids). Within the suborder,
14 species are now generally recognized. Their relationships, includ-
ing their relationship to terrestrial ungulates, are indicated in Fig. 2.

Right whales (Balaenidae) are distinguished from the other three
families by their long and narrow baleen plates and arched upper
jaw. Other balaenid features include, externally, a disproportionately
large head (approximately one-third of the body length), long thin ros-
trum, and huge bowed lower lips; they lack multiple ventral grooves.
Internally, there is no coronoid process on the lower jaw and cervi-
cal vertebrae are fused together. Within the family are two distinct
groups—the bowhead (Balaena mysticetus) of northern polar waters
(formerly known as the “Greenland” right whale), and the three “black”
right whales, Eubalaena spp. of more temperate seas, so called to distin-
guish them from the “Greenland” right whale. All balaenids are robust.

Pygmy right whales (Caperea marginata) have some features of
both right whales and balaenopterids. The head is short (approximately
one quarter of the body length), although with an arched upper
jaw and bowed lower lips, and there is a dorsal fin. The relatively
long and narrow baleen plates are yellowish white, with a dark outer
border, quite different from the all-black balaenid baleen plates.
Internally, pygmy right whales have numerous broadened and flat-
tened ribs.

Baleen Whales (Mysticetes)

Gray whales (Eschrichtius robustus) are also somewhat interme-
diate in appearance between right whales and balaenopterids. They
have short narrow heads, a slightly arched rostrum, and between two
and five deep creases on the throat instead of the balaenopterid ven-
tral grooves. The body is robust. There is no dorsal fin, but a series
of 6-12 small “knuckles” along the tail stock. The yellowish-white
baleen plates are relatively small.

Balaenopterids comprise the seven whales of the genus
Balaenoptera (blue, B. musculus; fin, B. physalus; sei, B. borealis;
Bryde’s, B. edeni; Omura’s, B. omurai; common minke, B. acutoros-
trata, Antarctic minke, B. bonaerensis), and the humpback whale
(Megaptera novaeangliae). All have relatively short heads, less than a
quarter of the body length. In comparison with right whales, the baleen
plates are short and wide. Numerous ventral grooves are present, and
there is a dorsal fin, sometimes rather small. Internally, the upper jaw
is relatively long and unarched, the mandibles are bowed outwards
and a coronoid process is present; cervical vertebrae are generally
free. All eight balaenopterids are often known as “rorquals” (from the
Norse “rgrkval, whale with pleats in its throat”). Strictly speaking, the
term should probably be applied to the seven Balaenoptera species,
recognizing the rather different humpback in its separate genus, but
many authors now use it for all eight balaenopterids.

Baleen whales are sometimes called “great whales.” Despite their
generally huge size, some of the species are relatively small, and it
seems preferable to restrict the term to the larger mysticetes (blue,
fin, sei, Bryde’s, Omura’s, humpback) together with the largest odon-
tocete (the sperm whale, Physeter macrocephalus).

Reviewing the systematics and distribution of the world’s marine
mammals, Rice (1998) drew attention to the derivation of the Latin
word Mysticeti, and clarified the status of a variant, Mystacoceti. He
described the former as coming from Aristotle’s original Greek mus-
toketos, meaning “the mouse, the whale so-called” or “the mouse-
whale” (said to be an ironic reference to the animals’ generally vast
size). Mystacoceti means “moustache-whales,” and although used
occasionally in the past (and more obviously appropriate for whales
with baleen in their mouths) has been superseded by Mysticeti.

Within the suborder, 14 species are now generally recognized.
Although Rice believed that all right whales belong with the bow-
head in the genus Balaena, recent genetic analyses have recognized
three separate right whale species, in the genus Eubalaena: in the
North Atlantic (E. glacialis); in the North Pacific (E. japonica); and
in the Southern Hemisphere (E. australis). Indeed, Eubalaena is the
only mysticete genus where separate species are recognized in each
hemisphere.

The taxonomic status of Bryde’s whales is confused. Currently one
species is recognized (B. edeni) but it has several forms, at least one
of which may be a separate species. The “ordinary” form has two dis-
tinct sub-forms—offshore and inshore. Another animal, B. brydei, was
described from specimens taken off South Africa, but subsequently
accepted as the same species as B. edeni. The situation has not been
helped because the location of the type specimen of edeni was uncer-
tain until recently and its genetic make-up has yet to be determined.
A further similar but smaller species, Omura’s whale, B. omurai, was
described in 2003, and recently accepted (Sasaki et al., 2006 following
genetic analysis, but it is not closely related to Bryde’s whales, lying
outside the clade formed by blue, sei and Bryde’s whales (see Fig.
2). Subspecies have been described for several mysticete taxa, but
only three are at present commonly in use. They are all blue whales,
B. musculus: the Antarctic, sometimes known as the “true,” blue
whale, B. m. intermedia; the North Atlantic and North Pacific blue
whales (B. m. musculus); and the Southern Hemisphere, mainly
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Figure 1 Lateral profiles of representative baleen whales, with a human figure, to scale.

Indian Ocean, pygmy blue whale, B. m. brevicauda. A “dwarf” form
of the common minke (B. acutorostrata) occurs generally in lower lati-
tudes of the Southern Hemisphere; it has yet to be formally described.

II. Distribution and Abundace

In addition to the subspecies mentioned in Section I, many stocks
or populations have been recognized, some mainly for management
purposes, based on more or less valid biological grounds. Some sig-
nificant examples include:

1. Bowhead whales. As well as the currently most abundant popu-
lation (the Bering-Chukchi-Beaufort Seas stock), four others are
recognized—Hudson Bay-Foxe Basin; Davis Strait-Baffin Bay;
Svalbard-Barents Sea; Okhotsk Sea.

2. Right whales. In the North Atlantic, two populations are currently
recognized, western and eastern, with calving grounds off the
southeast United States and northwest Africa. The latter may now
represent only a relict population. In the North Pacific, there well
may once have been two or more stocks, based on feeding ground

information; at least one is now centered in summer on the Sea
of Okhotsk and another, though currently in very small numbers,
summers in the Gulf of Alaska and Bering Sea.

In the southern right whale, there are several populations, defined
by currently occupied calving grounds, but these cover only a propor-
tion of the many areas known from historical whaling records to have
once been occupied by right whales. Up-to-date information is available
on presumed discrete populations wintering off eastern South America,
South Africa, southern Australia and subantarctic New Zealand.

3. Gray whales. A western North Atlantic population may have per-
sisted until the seventeenth or eighteenth centuries but is now
extinct. The species now survives only in the North Pacific, where,
in addition to a flourishing “eastern” stock, wintering on the coast
of Baja California and summering in the Bering Sea, a very much
smaller western sub-population (the “western” gray whale) sum-
mers in the Okhotsk Sea.

4. Humpback whales. In the North Atlantic, two major popula-
tions have been recognized, one based on animals wintering in




82

Baleen Whales (Mysticetes)

Cow
Hippo
Sperm
2
3 Cuvier's beaked Toothed whales
Beluga
1
—— Bowhead
5
i[ Southern right Right whales
4 Northern right
Pygmy right Pygmy right whales
—— Northern minke
Rorquals
—— Antarctic minke
Gray
Gray whales
Fin
Humpback
10 Blue Rorquals
Bryde’s
Sei

—— — 0.05 substitutions/site

Figure 2 Phylogenetic tree of baleen whales (adapted from Rychel et al., 2004). B. omurai, not
included here, lies between the clades for blue, Bryde’s and sei whales and for fin and humpback
whales (Sasaki et al., 2006). Also, three species of right whale (North Atlantic, North Pacific and

southern) are now generally recognized.

the West Indies, the other, now possibly only a relict population,
wintering around the Cape Verde Islands. In the North Pacific,
three discrete wintering grounds have been recorded: around the
Bonin Islands, Ryuku Islands, and Philippines in the west; around
the Hawaiian Islands in the centre; and off Mexico in the east.

In the Southern Hemisphere, seven populations are currently
recognized. Six are well-defined, based on calving (wintering)
grounds either side of each continent (one off eastern Australia is
closely related to animals wintering off New Caledonia and Fiji),
and a seventh in the central Pacific. In the northwest Indian Ocean,
there is a separate resident population which seems not to migrate.

Baleen whales thus occupy a wide variety of habitats, from open
oceans to continental shelves and coastal waters, from the coldest
waters of the Arctic and Antarctic, through waters of both hemi-
spheres and into the tropics.

Most specialized is the bowhead, Balaena, restricted to the harsh
cold and shallow seas of the Arctic and subarctic. The “black” right
whales (Eubalaena) are more oceanic and prefer generally temperate
waters, but come very close to coasts in winter to give birth, particu-
larly in the Southern Hemisphere. Once believed not to penetrate
much further south than the Polar Front (Antarctic Convergence,
~50-55°S) there have been recent records in the Antarctic proper,
south of 60°S. Whether this is a new phenomenon is unclear: a

report by Sir James Clark Ross of many “common black” (i.e., right)
whales in the Ross Sea (eastern Antarctic) at 63°S in December 1840
was discounted when their presence there later that century could
not be confirmed. It has been suggested that the currently greatly
reduced population of the western North Atlantic right whale, now
wintering off the south eastern United States and summering in
coastal waters north to the Bay of Fundy (~45°N), may represent
the peripheral remnant of a more widely distributed stock, formerly
summering north to Labrador and southern Greenland, i.e., to at
least 60°N.

The pygmy right whale (Caperea) is restricted to Southern
Hemisphere temperate waters, mainly between 30°S and 55°S; it can
be found coastally in winter in some areas, and year-round in others.

Gray whales (Eschrichtius) are the most obviously coastal baleen
whales. The long coastal migration of the eastern gray, from Mexico
to Alaska, supports a major whale watching industry from November
to March. In spring, the animals migrate through the Bering Strait
into the more open waters of the Bering Sea, but still favoring more
shallow waters.

Among the balaenopterids, fin and sei whales are probably the
most oceanic, the former penetrating into colder waters than the lat-
ter in summer. Blue whales can be found closer inshore, but often
associated with deep coastal canyons, e.g., off central and southern
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California and western Australia. The Southern Hemisphere pygmy
blue whale (subspecies B. m. brevicauda) is restricted to more tem-
perate waters than the Antarctic blue whale (B. m. intermedia), not
often being found much beyond 55°S. The coastal balaenopterid is
the humpback (Megaptera), with long migrations between temper-
ate/tropical breeding grounds and cold water feeding grounds. In the
Southern Hemisphere, much of its journeys occur along the east and
west coasts of the three continents. In the Northern Hemisphere,
humpbacks are rather more oceanic, but still coastal at some stage in
their migration: in the North Pacific they can be found wintering off
the Hawaiian Islands and summering off Alaska; in the western North
Atlantic they winter in the Caribbean and summer between New
England, the west coast of Greenland, Iceland, and North Norway.
Minke whales are wide ranging, from polar to tropical waters
in both hemispheres. In the Southern Hemisphere they can, with
blue whales, be found closest to the ice edge in summer. Elsewhere
minkes can often occur near shore, in bays and inlets. Their migra-
tions are less well-defined and predictable than the other migratory
balaenopterids; in some regions they may be present year-round.
The most localized balaenopterids are Bryde’s whale and its
close relatives. They are the only balaenopterids restricted entirely
to tropical/warm temperate waters, and probably do not undertake
long migrations. The two “ordinary” forms of B. edeni—inshore
and offshore, in several areas—can differ in their movements. Off
South Africa, for example, the inshore form is thought to be present
throughout the year, whereas the offshore form appears and disap-
pears seasonally, presumably in association with movements of its

food, shoaling fish.

ITII. Ecology

Although they include the largest living animals, baleen whales
feed mainly on very small organisms, and while strictly carnivorous,
on zooplankton or small fish. In “filter-feeding”-sieving the sea-
baleen whales are quite different from toothed whales, where the
prey is captured individually.

Filter-feeding has been described as requiring, in addition to a
supply of food in the water, three basic features (1) a flow of water
to bring prey near the mouth, (2) a filter to collect the food but allow
water to pass through, (3) and a means of removing the filtered food
and conveying it to the stomach for digestion. Baleen whales meet
those requirements by (a) seeking out areas where their food con-
centrates, (b) either swimming open-mouthed through food or gulp-
ing it in, (c) possessing a highly efficient filter formed by the baleen
plates, and (d) forcing the water containing the food out through the
baleen plates, and then transferring the trapped food back to the
gullet and hence to the stomach. In (d) the tongue is presumed to
be involved; in balenopterids the process is aided by the distensible
throat and the ability to open the lower jaw to almost 90°.

Although all baleen whales have a filter based on baleen plates, two
rather different systems—essentially “skimming” and “gulping”—have
evolved to filter a large volume of water containing food. Each relies
on the series of triangular baleen plates, borne transversely on each
upper jaw. The inner, longer border (hypotenuse) of each plate bears
a fringe of fine hairs, forming a kind of filtering “doormat.” Quite
unrelated to teeth (which appear as early rudiments in the gums of
fetal baleen whales), baleen consists of keratin and is close in composi-
tion to hair and fingernails. In right whales, filtration is achieved with
very long and narrow plates in the very large mouth, in the very large
head. The plates, up to 4-m long in bowheads and 2.7m in other right
whales, are accommodated in the mouth by an arched upper jaw, and
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Figure 3 Head of a right whale, showing the arrangement of the
Sflter-feeding apparatus. The anterior section of the baleen plates
on the left side of this whale were removed to show fringes of right
baleen plates and tongue. From Bonner (1980).

enclosed in massively enlarged and upwardly bowed lower lips (see
Fig. 3). There is a gap between the rows at the front of the mouth,
and the whole arrangement allows the whale to scoop up a great quan-
tity of water while swimming slowly forwards. In balaenopterids, with
their much smaller heads, the baleen plates are shorter and broader
and the rows are continuous at the front. Taking in a large volume of
water and food is usually achieved by swimming through a food swarm
and gulping, while simultaneously greatly enlarging the capacity of
the mouth by extending the ventral grooves, depressing the tongue
and widely opening the lower jaw, almost to 90° from the body axis.
The two systems allow, on the one hand, the relatively slow-swimming
balaenids to concentrate their rather sparse food over a period, and on
the other, the faster-swimming balaenopterids to take in large amounts
of their highly concentrated prey over a shorter time.

Typically, baleen whales feed on zooplankton, mainly euphausi-
ids or copepods, swarming in polar or subpolar regions in summer.
That is particularly so in the Southern Hemisphere, where the sum-
mer distributions of several balaenopterids depend on the presence
of Euphausia superba (known to whalers by the Norwegian word
“krill”) in huge concentrations in the Antarctic. In the Northern
Hemisphere, with a more variable availability of food, balaenopterids
are more catholic in their feeding. Humpbacks and fin whales, for
example, feeding almost exclusively on krill in the south, often com-
monly take various species of schooling fish in the north.

The variety of organisms taken by the various baleen whale spe-
cies in different regions is listed in Table I. Although most feeding
occurs in colder waters, baleen whales may feed opportunistically
elsewhere. All baleen whales but the one, the gray whale, feed in
surface waters, generally within 100m of the surface, and conse-
quently, unlike many toothed whales, do not dive very deep or for
long periods. Gray whales feed primarily on bottom-living organisms,
almost exclusively amphipods, in shallow waters.

The baleen plate structure, particularly the inner fringing hairs,
to some extent mirrors the food organisms taken, or (in the case of
E. superba) different size classes. Thus there is some correlation
between decreasing size of prey and fineness of baleen by species, viz.
gray, blue, fin, humpback, minke, sei, and right whales. Where food
stocks are very dense, e.g. around subantarctic South Georgia, fin,
blue, and sei whales may all overlap in their feeding on E. superba.

Baleen whale food consumption per day has been calculated as
some 1.5-2.0% of body weight, averaged over the year. Given that
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TABLE 1
Baleen Whale Food Items

Species Sub-species Common name Food items

North hemisphere South hemisphere

Bowhead whale Mainly calanoid copepods;
euphausiids; occasional mysids,

amphipods, isopods, small fish

B. mysticetus

E. glacialis Northern right whale Calanoid copepods; euphausiids

E. australis Southern right whale Copepods; post-larval Munida
gregaria; Euphausia superba
Caperea marginata Pygmy right whale Calanoid copepods
E. robustus Gray whale Gammarid amphipods; occasional
polychaetes, small fish
M. novaeangliae Humpback whale Schooling fish; euphausiids Euphausia superba (Antarctic);

euphausiids, post-larval Munida
gregaria, occasional fish (ex-Antarctic)
Common minke

B. acutorostrata Schooling fish; euphausiids

(North Atlantic)
Common minke Euphausiids; copepods;
(North Pacific) schooling fish
B. a. ?spp. Dwarf minke ?Euphausiids, schooling fish

B. bonaerensis Antarctic minke Euphausia superba,

E. crystallorophias

B. edeni Bryde’s whale Pelagic crustaceans including Schooling fish; euphausiids
euphausiids

B. omurai Omura’s whale PEuphausiids ?Euphausiids

B. borealis Sei whale Schooling fish Copepods incl. Calanus; Euphausia

superba

B. physalus Fin whale Schooling fish; squid; Euphausia superba (Antarctic); other
euphausiids; copepods euphausiids (ex Antarctic)

B. musculus B. m. musculus Blue whale Euphausiids; calanoid copepods;

occasional amphipods, squid

B. m. intermedia Antarctic blue

B. m. brevicauda

Pygmy blue

Euphausia superba (Antarctic); other
euphausiids (ex Antarctic)
Euphausiids, incl. E. vallentini,

E. recurve, Nyctiphanes australis

feeding occurs mainly over about 4 months in the summer in the
larger species, the food intake during the feeding season has been
calculated at some 4% of body weight per day, approximately 4000 kg
per day for a large blue whale. To survive the enormous drain of
pregnancy and lactation, it has been calculated that a pregnant
female baleen whale needs to increase its body weight by up to 65%.
The ability to achieve such increase in only a few months’ feeding
indicates the great efficiency of the baleen whales’ feeding system, as
well as the considerable nutritive value of the food.

Apart from humans, the most notable baleen whale predator is
the killer whale (Orcinus orca). Minke whales have been identified
as a major diet item of killer whales in the Antarctic, and off British
Columbia, Canada. Killer whale attacks have been reported on blue,
sei, bowhead, and gray whales, although their frequency and suc-
cess are unknown. Humpbacks often have killer whale tooth marks

on their bodies and tail flukes. Humpback and right whale calves in
warm coastal waters are susceptible to attack by sharks. There are
anecdotal reports of calving ground attacks on humpbacks by false
killer whales (Pseudorca).

A form of harassment occurs on right whales on calving grounds off
Peninsula Valdes, Argentina. Kelp gulls have developed the habit of
feeding on skin and blubber gouged from adult southern right whales’
backs as they lie at the surface. Large white lesions can result. The
whales react adversely to such gull-induced disturbance; calf develop-
ment may be affected and the whales may be driven elsewhere.

External parasites, particularly “whale lice” (cyamid crustaceans)
and barnacles (both sessile and stalked) are common on the slower-
swimming more coastal baleen whales such as gray, humpback, and
right whales. In the latter, aggregations of light-colored cyamids on
warty head callosities have facilitated research using callosity-pattern
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photographs for individual identification. External parasites are
much less common on the faster swimming species, although whale
lice have been reported on minke whales (in and around the ventral
grooves and umbilicus). The highly modified copepod Pennella
occurs particularly on fin and sei whales in warmer waters; its pres-
ence on those species in colder waters, e.g., at South Georgia in the
South Atlantic, has been taken to indicate migration from the north.
A commensal copepod Balaenophilus unisetus often infests baleen
plates in warm waters, especially on sei and pygmy blue whales.

A variety of internal parasites has been recorded, although some
baleen whales seem less prone to infection than others. They appear,
for example, to be less common in blue whales, but prevalent in sei
whales. Records include stomach worms (Anisakis sp.), cestodes,
kidney nematodes, liver flukes, and acanthocephalans (“thorny-
headed” worms) of the small intestine.

The cold water diatom Cocconeis ceticola often forms a brownish-
yellow film on the skin of blue and other baleen whales in the Antarctic.
Since the film takes about a month to develop, its extent can be used to
judge the length of time an animal has been there. Its presence led to
an early common name for the blue whale—"sulfur bottom.”

For many years, the origin of small scoop-shaped bites on baleen
whale bodies in warmer waters remained a mystery, until they were
found to be caused by the small “cookie-cutter” shark, Isistius bra-
siliensis. Some species are highly prone to such attacks. In Southern
Hemisphere sei whales the overlapping healing scars can impart a
galvanised-iron sheen to the body.

IV. Behavior and Physiology

1. Sound production. Unlike toothed whales, baleen whales
are not generally believed to use sound for echolocation, although
bowheads, for example, are thought to use sound reflected from
the undersides of ice floes to navigate through ice fields. However,
sound production for communication, for display, establishment of
territory or other behavior, is well developed in the suborder. Blue
whales produce the loudest sustained sounds of any living animal. At
up to nearly 190 decibels, their long (half minute or more), very low
frequency (<20 Hz) moans may carry for hundreds of kilometers or
more in special conditions. Fin whales produce similarly low-pulsed
sounds (20 Hz). Minke whales also produce a variety of loud sounds.
Right whales produce long low moans; bowhead sounds, recorded
on migration past hydrophone arrays in nearshore leads, have been
used in conjunction with sightings to estimate population size off
northern Alaska. Southern right whales, at least, seem to use sound
to communicate with their calves.

Humpbacks produce the longest, most complex sound sequences
in “songs,” described as an array of moans, groans, roars and sighs to
high-pitched squeaks and chirps, lasting ten or more minutes before
repetition, sometimes over hours. It seems that only the adult males
sing, generally only in or close to the breeding season. In any one
breeding season, all the males sing the same song, changing slightly
over successive seasons. Different populations have different songs; so
much so, for example, that those off western Australia have a distinctly
different song—less complex, less “chirpy”—than that heard on breed-
ing grounds separated by the Australian continent, off the east coast.
But an example of “cultural evolution” involving humpback songs has
recently been reported where typical Australian east coast humpback
song switched to a new, west coast version over a very short period,
only 3 years, between 1995 and 1998, it seems as a result of the influ-
ence of a few male singers from the west coast (Noad et al., 2000).
“Songs” may also be heard in migrating humpbacks, but less so on the

cold water feeding grounds, where, if songs occur at all, they appear
generally only as “snatches” or isolated segments.

2. Swimming and migration. With their streamlined bodies,
rorquals include the fastest swimming baleen whales. Sei whales
have been recorded at around 35knots (>60km/h) in short bursts;
minke and fin whales are also known as fast swimmers, the latter
up to 20knots (37km/h). Blue whales are among the most power-
ful swimmers, able to sustain speeds of over 15knots (28km/h) for
several hours. On migration, humpbacks and gray whales average
about 3—4knots (5-7km/hr), and bowheads only about 2.7knots
(5km/hr). Migration speeds for southern right whales are not known,
but medium range coastal movements off southern Australia indicate
1.5-2.3knots (2.7-4.2km/h) over 24 h for cow/calf pairs.

Baleen whales undertake some of the longest migrations known.
Gray whales may cover some 5000 nautical miles (~9000km) on the
round trip between the Baja California breeding grounds and Alaskan
feeding grounds. Southern hemisphere humpbacks may cover as much
as 50° of latitude either way between breeding and feeding grounds, a
round trip of some 6000 nautical miles (~11,000km); recent records
of humpbacks migrating between the Antarctic Peninsula and Costa
Rica involved a single trip of ca 8400km (4500 nautical miles), the
longest recorded migration of any mammal. Not all baleen whale
migrations are so well marked. The bi-annual movements of Bering
Sea bowheads are governed by the seasonal advance and retreat of
sea ice, which vary from year to year. Although Southern Hemisphere
blue and fin whales all feed extensively in the Antarctic in summer, the
locations of their calving grounds are not known. Sei whale migrations
are relatively diffuse, and can vary from year to year in response to
changing environmental conditions. By comparison, Bryde’s whales
hardly migrate at all, presumably being able to satisfy both reproduc-
tive and nutritional needs in tropical/warm temperate waters. Even
among such migratory animals as humpbacks, it may be that not all
animals migrate every year: recent studies off eastern Australia have
indicated that a proportion of adult females may not return to the calv-
ing grounds each year, and individuals have been reported in summer
further north. However, Southern Hemisphere migrating humpbacks
show segregation in the migrating stream: immatures and females
accompanied by yearling calves are in the van of the northward migra-
tion, followed by adult males and non-pregnant mature females;
pregnant females bring up the rear. A similar pattern occurs on the
southward journey, with cow/calf pairs traveling last. Very similar seg-
regation is recorded among migrating gray whales. However, not only
is there segregation within some (possibly all) species, the species
themselves may arrive on and leave the feeding grounds at different
times. At South Georgia, where they were once common, fin whales
tended to leave the feeding grounds after blue whales but before sei
whales, the latter having arrived there last.

Baleen whale migrations have generally been regarded as taking
place in response to the need to feed in colder waters and reproduce
in warmer waters. Explanations for such long-range movements have
included direct benefits to the calf (better able to survive in calm,
warm waters), evolutionary “tradition” (a leftover from times when
continents were closer together), and the possible ability of some
species to supplement their food supply from plankton encountered
on migration or on the calving grounds. Others have rejected these
explanations, suggesting there may be a major advantage to migrating
pregnant female baleen whales in reducing the risk of killer whale pre-
dation on newborn calves in low latitudes. More recently Rasmussen
et al. (2007) have suggested that calf development in warm water may
lead to larger adult size and greater reproductive success.
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3. Social activity. Large aggregations of baleen whales are gener-
ally uncommon. Even on migration, in those species where well-defined
migration paths are followed (e.g., gray whales and humpbacks), individ-
ual migrating groups are generally small, numbering only a few individ-
uals. It has been stated that predation is a main factor in the formation
of large groups of cetaceans, for example of open ocean dolphins. Given
the large size of most adult baleen whales, predation pressure is low, and
group size can be correspondingly small.

Blue whales are usually solitary or in small groups of two to three.
Fin whales can be single or in pairs; on the feeding grounds they
may form larger groupings, up to 100 or more. Similarly, sei whales
can be found in large feeding concentrations, but in groups of up to
only about six elsewhere. The same is true for minke whales, found
in concentrations on the feeding grounds, but singly or in groups of
two or three elsewhere. Social behavior has been studied intensively
in coastal humpbacks, e.g., on the calving grounds. Male humpbacks
compete for access to females by singing and fighting. The songs seem
to act as a kind of courtship display. Males congregate near a single
adult female, fighting for position. Such aggression can involve lung-
ing at each other with ventral grooves extended, hitting with the tail
flukes, raising the head while swimming, fluke and flipper slapping,
and releasing streams of bubbles from the blowhole. As a result of
such encounters, individuals can be left with raw and bleeding wounds
caused by the sharp barnacles. Among southern right whales, surface
active groups (known as SAGs) are often observed on the coastal calv-
ing grounds in winter, involving a tight group with a number of males
pursuing an adult female, but with less aggression. As for humpbacks,
it is not yet certain whether such behavior results in successful mating,
although intromission in right whale SAGs is often observed.

Feeding balaenopterids have often been reported as circling on
their sides through swarms of plankton or fish. It has been suggested
that gray whales feed on their right sides, those baleen plates being
more worn down, presumably through contact with the seabed. The
most remarkable behavior, however, is reported from humpbacks.
In the Southern Hemisphere, on swarms of krill, they may feed in
the same “gulping” way as other balaenopterids. In the Northern
Hemisphere, two methods are commonly reported—"lunging” and
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“bubble netting.” In the former, individuals emerge almost vertically
at the surface with their mouths partly open, closing them to force
the enclosed water out through the baleen. In the latter, an ani-
mal circles below the food swarm; as it swims upwards, it exhales a
series of bubbles forming a “net” encircling the prey. It then swims
upwards through the prey with its mouth open, as in lunging.

V. Life History

Young baleen whales, particularly the fetus and the calf, grow at an
extraordinary rate. In the largest species, the blue whale, fetal weight
increases at a rate of some 100kg/day towards the end of pregnancy.
The calf’s weight increases at a rate of about 80kg/day during suckling,
During that 7-month period of dependence on the cow’s milk, the
blue whale calf will have increased its weight by some 17 tonnes, and
increased in length from around 7 to 17m. Blue whales attain sexual
maturity at between 5 and 10 years, at a length of around 22m, and
live for about 80-90 years. Adult female blue whales give birth every
2-3 years, pregnancy lasting some 10-11 months.

Other balaenopterids follow the same general pattern (Fig. 4).
Mating takes place in warm waters in winter, birth following some
11 months later. A 7-11 month lactation period may be followed by
a year “resting,” or almost immediately by another pregnancy. Most
adults are able to reproduce from between 5 and 10 years of age,
and reach maximum growth after 15 or more years. The smallest
balaenopterid, the minke whale, is born after a pregnancy of some
10 months, at a length of just under 3m. Weaning occurs at just
under 6m, after 3-6 months. The adult female can become preg-
nant again immediately following birth, but the resulting short calv-
ing interval is generally uncommon in baleen whales: 2-3 years is the
norm, although humpbacks can achieve a similar birth rate, enabling
their stocks to recover rapidly after depletion.

Right whales follow a similar general pattern, but there are some
differences. In northern and southern right whales, gestation lasts
about 11 months, weaning for about another year. Females are able
to reproduce successfully from about 8 years (there are records of
successful first pregnancies from 6 years), but the calving interval is
usually a relatively regular 3 years. For bowheads, while growth is
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Figure 4 “Typical” life cycle of a southern baleen whale. As modified by Bonner (1980), from Mackintosh (1965).
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very rapid during the first year of life (from ~4.5m), it may be fol-
lowed by a period of several years with little or no growth. Sexual
maturity occurs at 13-14m: at the reduced growth rate that would
not be reached until 17-20 years. Similarly, there is evidence of con-
siderable longevity in this species: harpoon heads and an unexploded
bomb-lance found in harvested whales and last known to be used off
Alaska in the late nineteenth or early twentieth centuries indicate
individual animals can be over 100-years old.

VI. Interactions with Humans

For centuries, baleen whales have borne the brunt of human
greed, for products and profit. Only the sperm whale, largest of the
toothed whales, has rivaled them as a whaling target. Black right
whales (Eubalaena) were taken in the Bay of Biscay at least from the
twelfth century, with the fishery extending across the North Atlantic
by the sixteenth century. Attention then shifted to the Greenland
whale (Balaena) near Spitzbergen (Svalbard), and later off south-
ern and western Greenland. Both species’ numbers were reduced
to only small remnants, and in several areas (e.g., Spitzbergen
and Greenland for Balaena, the north east Atlantic and the North
Pacific for Eubalaena) the stocks were virtually exterminated. That
destruction was undertaken using the “traditional” whaling method,
with open boats and hand harpoons, on the “right” species-“right”
because they were relatively easy to approach, floated when dead,
and provided huge quantities of product (oil for lighting, lubrica-
tion and soap, and baleen (“whalebone”) for articles combining
flexibility with strength such as corset stays, umbrella spokes, and
fishing rods.

Development of the harpoon gun and steam catcher, from 1864,
greatly increased the rate of catching, but also allowed attention to
turn to the largest baleen whales, the blue and fin whales, whose
size and speed, and tendency to sink when dead, had prevented cap-
ture by the old methods. From its beginning in the North Atlantic,
then, by the end of the century, in the North Pacific, “modern”
whaling’s next and most intensive phase moved south, first in 1904
at South Georgia, just within the Antarctic zone. Initially on hump-
backs, (up to 12,000 were taken in 1 year, 1912, leading to very rapid
stock decline) then on blue and fin whales, southern whaling based
on such land stations—in the Antarctic in summer and the tropics
in winter—was overtaken from the late 1920s by the great develop-
ment of pelagic whaling, using floating factory ships. Huge annual
Southern Hemisphere catches resulted—a maximum of over 40,000
in 1931—averaging around 30,000 animals per year in the later
1930s, and again after the World War II until 1965. Whereas blue
whales had been the preferred target in the 1930s, their great reduc-
tion in numbers led to a shift in attention progressively over the
years to fin whales, to sei whales in the 1960s, and finally to minke.
With depletion of stocks and more stringent conservation measures,
(killing of humpbacks, blue, and fin whales was banned from the
mid-1960s, despite illegal catching until the early 1970s), catches fell
to between 10,000 and 15,000 per year in the 1970s. The “old” whal-
ing story had virtually repeated itself—enormous reductions through
overfishing of one species or stock leading to exploitation of other
species and stocks until, apart from minke whales, only remnants
were left. From 1989, a moratorium on all commercial whaling elim-
inated that pressure, with the exception of limited whaling carried
out under exemption for scientific research, and, since 1993, some
commercial catching of minke whales in the eastern North Atlantic,
and, since 2006, of fin whales off Iceland. Some “aboriginal” whaling
has also continued in the Northern Hemisphere, on bowheads off
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northern Alaska, gray whales in the Bering Sea, on fin and minke
whales off Greenland, and on humpbacks in the Caribbean.

Despite the great scale of the kill in “old” and “modern” whal-
ing, no whale species has become extinct through whaling, although
a number of individual stocks have been reduced greatly; at least
one, the North Atlantic gray whale, has disappeared within the past
200-300 years. In its most recent “Red List” of threatened animals,
the World Conservation Union (IUCN, 1996 (Table II) includes
no baleen whale species or stocks as either Extinct, or Critically
Threatened (the latter within the Threatened category). Within the
threatened category, seven taxa—three species, one subspecies, and
three stocks—are listed as Endangered (E); four taxa—one species
and three stocks—are Vulnerable (V). Six taxa—two species, one
subspecies, and three stocks—are listed as at Lower Risk (LR), and
two taxa—one species and one subspecies—as Data Deficient (DD).

Those species under greatest threat (E), as determined in 1996, are
the Northern Hemisphere right whales, sei, and fin whales, together
with the Antarctic blue subspecies, two of the five bowhead stocks
(Svalbard-Barents Sea, Okhotsk Sea), and the north west Pacific
(western) gray. Next most threatened (V) are the humpback, two
bowhead stocks (Hudson Bay-Foxe Basin, Davis Strait-Baffin Bay)
and the North Atlantic blue. At lower risk (LR) are the southern right
and Antarctic minke, one bowhead stock (Bering—Chukchi-Beaufort
Seas), the North Atlantic (common) minke, north east Pacific (eastern)
gray and North Pacific blue; all but one are further qualified as conser-
vation dependent (cd, not Vulnerable because of specific conservation
efforts). The exception is the North Atlantic (common) minke, listed
as near threatened (nt, not Conservation Dependent but almost quali-
fying as Vulnerable). The two taxa for which insufficient information is
currently available (DD) are Bryde’s whale and the pygmy blue.

The International Whaling Commission’s Scientific Committee,
responsible for assessments of such stocks™ current status, has reported
encouraging recent reversals of stock decline for some stocks of some
species. One, the eastern gray whale, has recovered under protection
from commercial whaling (but with aboriginal catches up to some
150 per year) to at or near its “original” (pre-whaling) state, at about
26,000 animals. Similarly, the Northwest Atlantic humpback and sev-
eral Southern Hemisphere humpback populations have been showing
marked increase. The latest estimate of the North Atlantic stock, some
11,600 animals in 1992-1993, reflects substantial recovery since pro-
tection in the 1950s, while several Southern Hemisphere stocks (off
southeastern Africa, eastern and western Australia) have been increas-
ing, off Australia at around 10% per year since the early 1980s. Three
southern right whale stocks (off eastern South America, South Africa,
and southern Australia) have been increasing since the late 1970s at
around 7% per year, although all are still well below their “original”
stock size. Even the Antarctic blue whale, whose future has been of
considerable concern, with estimates for the late 1980s at fewer than
500 animals for the whole Antarctic, has shown recent encourag-
ing signs. Based on a series of Antarctic sightings cruises—mainly for
minke whales but including other large whales—the most recent cal-
culations give a population size of some 1700 in 1996, increasing at
around 7% per year. At that rate, the population size might now be
some four thousand, although still only a small fraction of its original
population size, recently estimated at some 240,000.

One species or stock for which there is considerable concern is
the western North Atlantic right whale. At very low absolute abun-
dance (only some 300-350 animals), and while recently showing
signs of increased reproduction, it is subject to considerable threat
from human-induced mortality such as ship strikes and entangle-
ment in fishing gear.
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TABLE 11
IUCN Red List Categories for Baleen Whales (1996), abbreviations in text
Species Subspecies Common name Category
EX EW Threatened LR DD NE
CR EN VU
B. mysticetus Bowhead whale #a b * (ed)©
E. glacialis, North Atlantic and North #
E. japonica Pacific right whales
E. australis Southern right whale * (ced)
Caperea marginata® Pygmy right whale
E. robustus Gray whale ®e # (ed)f
M. novaeangliae Humpback whale ®
B. acutorostrata North Atlantic (common) minke * (nt)
B. a. Pspp. Dwarf minke
B. bonaerensis Antarctic minke *(ed)
B. edeni Bryde’s whale ®
B. borealis Sei whale #
B. physalus Fin whale ®
B. musculus B. m. musculus Blue whale *g #(cd)h

B. m. intermedia

Antarctic blue

B. m. brevicauda ~ Pygmy blue

2Svalbard-Barents Sea bowhead whale; Okhotsk Sea bowhead whale.

bHudson Bay-Foxe Basin bowhead whale; Davis Strait-Baffin Bay bowhead whale.
¢Bering-Beaufort-Chuckchi Seas bowhead whale.

dPygmy right whale removed from 1996 Red List.

“Western gray whale.

MEastern gray whale.

&North Atlantic blue whale.

"North Pacific blue whale.

It has been calculated (Laws, 1977) that the great reduction of
baleen whales by whaling, for the Antarctic to around one-third of orig-
inal numbers and one-sixth in biomass, must have left a large surplus of
food—some 150 million tonnes per year—available for other consum-
ers such as seals, penguins, and fish. (In a different way, earlier whaling
in the North Atlantic, particularly on right whales, is believed to have
influenced the spread of one sea bird—the fulmar—by providing food
in the form of discarded whale carcasses.) In response to an increase
in available food, there may well have been increases in growth rates,
earlier ages at maturity and higher rates of pregnancy in some baleen
whale species. However, the evidence is equivocal, as it is for compe-
tition between individual whale species. For some, for example right
whales and sei, it has been suggested that an increase in one (right
whales) could be inhibited by competition with another (sei whales).
In the North Pacific, both sei and right whales can feed on the same
prey—copepods—and sei whales can at times be “skimming” feeders,
like right whales. However, evidence that they actually compete, on the
same prey, in the same area, at the same time, and even on the same
prey patch, is lacking. Similarly, there has been much debate and spec-
ulation on whether the recovery of the Antarctic blue whale has been
inhibited by an apparent increase in minke whales. In that case, there
may in fact be very little direct competition for food where the common
prey is not limited in abundance (as in the Antarctic) and is available

in large patches. The recent increases at substantial annual rates for
several stocks of Southern Hemisphere humpbacks and right whales,
as well as the recent increase in numbers for the Antarctic blue whale
(and possibly even for the fin whale), suggest that such competition is
unlikely, at least where, as in the Antarctic, food supplies are abundant.

There is, however, increasing concern over the possible effects
of climate change, with reductions in sea ice and rise in sea surface
temperature. The former has been considered a factor in reducing
the amount of krill available, and the latter has been shown to affect
reproductive capacity—elevated sea surface temperature off South
Georgia has recently been found (Leaper et al., 2006) to affect con-
ception and subsequent calving rates in the South American popula-
tion of southern right whales.

See Also the Following Articles
Toothed Whales, Overview m Krill and Other Plankton m Conservation
Efforts
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DAGMAR FERTL AND WiLLIAM A. NEWMAN

cies of the subclass Cirripedia. Barnacles are unique

among crustaceans in being permanently attached as
adults to a variety of inanimate and animate objects. They occur
in polar, tropical, and temperate waters, being found from high on
the shore to the depths of the ocean. The principal superorder is
Thoracica, consisting of stalked (order Pedunculata) and sessile (order
Sessilia) barnacles (Newman, 1996). Perhaps as many as 20 living
barnacle species have some association with marine mammal species,
primarily cetaceans (Newman and Ross, 1976). Barnacles attached
to marine mammals are often referred to as ectoparasites; however,
in actuality, they do not feed on their hosts, but use them as a mov-
ing substratum from which they can strain plankton from the passing
water. As a result, “epizooitic” is often considered a more appropri-
ate term describing the barnacle’s lifestyle. This has been described
as an example of symbiosis, usually commensalism, but barnacles cre-
ate drag and can cause irritations. Therefore, they are perhaps best
termed “semiparasitic,” since they survive and perpetuate themselves
at the hosts expense. On the other hand, some marine mammals eat
barnacles or their larvae.

<44 B arnacle” is the common name for over 1000 marine spe-

I. Life History

Barnacles were described by Louis Agassiz and T. H. Huxley as
nothing more than “a little shrimp-like animal, standing on its head
in a limestone house and kicking food into its mouth” (Hoover, 2006).
The barnacle’s life cycle usually includes six free-swimming plank-
tonic naupliar stages that feed while progressing by molts to the
cypris or cyprid stage, which searches for a place to settle. When set-
tling, to anchor itself, the cyprid secretes cement from its antennules,
from glands located in their base, and metamorphoses by molting
into a juvenile, which begins to secrete adult cement and the calcare-
ous plates that usually constitute its home. In the case of barnacles
that attach directly to cetacean skin, a chemical cue from the host tis-
sue likely induces larval settlement (Nogata and Matsumura, 2006).
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Figure

1 The pseudo-stalked sessile barnacle Xenobalanus
attached to the dorsal fin of a bottlenose dolphin. Courtesy of
V. Thayer and K. Rittmaster; North Carolina Maritime Museum.

Through an opening between the plates, six pairs of feathery tho-
racic limbs (cirri) can emerge and spread out to sweep through the
water like a net to entrap planktonic organisms. Most barnacles are
hermaphrodites (i.e., individuals possess the reproductive structures
of both sexes). The breeding season of barnacles that cling to whales
is probably largely synchronous with that of the whales’ breeding
season.

II. Sessile Barnacles

The Sessilia, or sessile barnacles, are stalkless, the usually
well-articulated shell wall being attached directly to the substra-
tum. Because of their superficial resemblance to acorns of oak
trees, they are called acorn barnacles. Marine mammals host spe-
cies of Amphibalanus, Balanus, Cetopirus, Chelonibia, Coronula,
Cryptolepas, Platylepas, Tubicinella, and Xenobalanus. Xenobalanus
superficially resembles a stalked barnacle since it has developed
an aberrant pseudo-stalk, but it is nonetheless a sessile barnacle
(Fig. 1).

III. Stalked Barnacles

The pedunculate, or stalked, barnacles are more primitive than
the sessile barnacles. The terminal sac housing the appendages is
called the capitulum. It is supported by a flexible, muscular stalk or
peduncle attached to the substratum. The capitulum is usually pro-
tected by shell plates. Conchoderma spp., the goose barnacles (Lepas
spp.), and rarely, the leaf barnacles (Pollicipes spp.), attach to marine
mammals.

IV. Barnacles and Marine Mammals

Barnacles appear to settle in greatest numbers on large baleen
whales, in contrast to toothed whales. Striped dolphins (Stenella
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coeruleoalba) involved in a mass mortality event in the Mediter-
ranean had an unusual abundance of barnacles likely due to the
reduced movement and/or an impaired immune function of the skin
of sick individuals (Aznar et al., 2005). Orams and Schuetze (1998)
demonstrated that Xenobalanus spp. were more prevalent on young
than adult bottlenose dolphins (Tursiops spp.), presumably because
they are less active and/or less resistant.

Cryptolepas rhachianecti, considered to be host-specific to the
gray whale (Eschrichtius robustus), has been found on a killer whale
(Orcinus orca) stranded in southern California and on belugas
(Delphinapterus leucas) housed in San Diego Bay. Xenobalanus globi-
cipitus, while world-wide in distribution, are almost always found on the
trailing edges of the dorsal and pectoral fins and on the flukes of at least
27 cetacean species (Kane et al., 2006; Fig. 1). What may remain of
their wall in the skin of the host after death superficially resembles the

Figure 2 Humpback whale with the acorn barnacle Coronula
diadema and a few stalked barnacles (arrows), Conchoderma auri-
tum attached to them. Also visible are white-rim scars from acorn
barnacles that have dropped or have been knocked off. Courtesy of
Y. Ogino, off California, 1999.
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wall of platylepas; this may account for a report (Mead and Potter, 1990)
of platylepas on a bottlenose dolphin. Tubicinella major, which lives
within a columnar shell opening at the surface of its host’s skin, and usu-
ally found among callosities of southern right whale (Eubalaena austra-
lis), was once collected from the flank of a stranded northern bottlenose
whale (Hyperoodon ampullatus). Coronula spp., the most generalized
of the sessile whale barnacles, are large and generally attach to the skin
of baleen whales (Scarff, 1986). C. reginae and C. diadema (Fig. 2) are
commonly epizooites of humpback whales (Megaptera novaeangliae),
attached to flukes, flippers, ventral grooves, genital slit, and the head
(Clarke, 1966). Cetopirus complanatus closely resembles C. reginae,
and both occur on the right whale (Scarff, 1986). Humpback males
scrape each other with their barnacle-encrusted flippers (analogous
to “brass knuckles”) on the breeding grounds; one individual caught
during whaling operations was reported to have as much as 450kg of
Coronula removed from it. On the other hand, various forms of groom-
ing, including flipper-body grooming (Sakai et al. 2006), would likely
remove freshly settled larvae and young juveniles; this may account for
the lack of barnacles on the bodies of most small toothed whales.

Of the pelagic pedunculate barnacles, Conchoderma auritum and
C. virgatum are commonly recorded from cetaceans, though Pollicipes
polymerus, a rocky shore barnacle, was recorded on a humpback whale
(Clarke, 1966). Conchoderma spp. require a hard surface for attach-
ment. Conchoderma auritum, identified by its’ rabbit ear-like append-
ages, may be found at a site where teeth are exposed and unprotected
(Soto, 2001), such as on erupted teeth of adult male beaked and bot-
tlenose (Hyperoodon spp.) whales (Fig. 3), or because of a malforma-
tion (including bone injury) in the jaw. Conchoderma spp. are less
commonly found on baleen plates and were once collected from the
penis of a stranded sperm whale (Physeter macrocephalus). C. auri-
tum is often found attached to Coronula spp. (most commonly to
C. diadema). C. virgatum, although sometimes attaching directly to a
cetacean, is usually epizootic on other barnacles, and then most often
on C. auritum. C. virgatum has been found on the parasitic copepods
Pennella spp. and on the cyamid amphipod, Neocyamus physeteris,
which crawls about on cetaceans and their barnacles (Clarke, 1966;
Oliver and Trilles, 2000). Lepas spp. usually occur on floating objects,
yet L. pectinata and L. hillii have been found between the teeth of
some Mediterranean striped dolphins.

Figure 3 Conchoderma auritum (arrow) attached to the teeth of a Blainville’s beaked whale
(Mesoplodon densirostris) off Hawaii. Photo by Alice Mackay, courtesy Cascadia Research.
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There are comparatively few published records of barnacles on
pinnipeds, yet Lepas pacifica, L. australis, and L. hillii, as well as
Conchoderma auritum and C. virgatum, are recorded from their
dorsal body surface, attached to hair or even directly to the skin of
various species, including both species of elephant seals (Mirounga
spp.) (Best, 1971; Setsaas and Bester, 2006; Fig. 4).

Manatees (Trichechus spp.) may acquire acorn barnacles when in
brackish or seawater, but when they enter fresh water the barnacles
die and drop off, leaving temporary scars. The common barnacle
found embedded in the skin of West Indian (Trichechus manatus)
and West African (T. senegalensis) manatees is Chelonibia manati
(Cintrén De Jests, 2001), a close relative of it's congeners on tur-
tles. Moreover, turtle barnacles Platylepas hexastylos and P. decorata
have been found on the dugong (Dugong dugon) and West Indian
manatee. The brackish water species, Amphibalanus amphitrite,
A. eburneus, A. reticulatus, and A. improvisus, and the marine spe-
cies, Balanus trigonus, attach to the Chelonibia spp. on the mana-
tees, rather than to their skin.

It is not surprising that some baleen whales eat barnacle larvae
(Mayo and Marx, 1990) since the experimentally estimated filtering
efficiency of 95% for plankton larger than 333 jum for the right whale
(Mayo et al., 2001) would include the larvae of pelagic and some
coastal barnacles.

Sea otters (Enhydra lutris) in California and Alaska will eat the
large acorn barnacles Balanus nubilus and Semibalanus cariosus.
Faurot et al. (1986) reported otters feeding on Pollicipes polymerus,
suggesting that they may be intentionally ingesting it if not simply
being incidental to their take of mussels.

See Also the Following Articles
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known from the late middle to early late Eocene of all conti-
nents except Antarctica. The family includes 11 species in 8
genera in 2 subfamilies, although some authors elevate the subfamilies

B asilosaurids are a paraphyletic group of archaeocete cetaceans
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Figure 1 Skull and lower jaw of Dorudon atrox, lateral view. This drawing is a com-
posite drawn from specimens of D. atrox at the University of Michigan Museum of

Paleontology by Bonnie Miljour.
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Figure 2 Skeleton of Dorudon atrox, lateral view. This drawing is a composite drawn from specimens of D. atrox at the
University of Michigan Museum of Paleontology by Bonnie Miljour.

to familial rank. They range in size from around 4m (Saghacetus osi-
ris) to around 16m (Basilosaurus cetoides). Basilosaurids are probably
the earliest fully aquatic cetaceans (Uhen, 1998) and are thought to
have given rise to modern cetaceans (Barnes et al., 1985; Uhen, 1998).

I. Basilosaurid Characteristics

Like all archaeocetes, basilosaurids lack telescoping of the skull
like that seen in modern mysticetes or like that seen in modern odon-
tocetes (see Fig. 1; Miller, 1923). In addition, basilosaurids are diphyo-
dont (have two tooth generations: milk and adult teeth), lack polydonty
(11 or fewer teeth per jaw half), and retain a heterodont dentition, in
which incisors, canines, premolars, and molars are easy to distinguish
based on their morphologies (Kellogg, 1936; Uhen, 1998).

Basilosaurids also share a number of characteristics that distin-
guish them from other archaeocetes. All basilosaurids lack upper
third molars, and the upper molars lack protocones, trigon basins,
and lingual third roots. In addition, the cheek teeth of basilosaurids
have well-developed accessory denticles on the cheek teeth (Fig. 1).
The hind limbs of basilosaurids are greatly reduced (see Fig. 2;
Gingerich et al., 1990; Uhen and Gingerich, 2001) and lack a bony
connection to the vertebral column. Basilosaurids also lack sacral
vertebrae, although vertebrae that are likely to be homologs of sacral
vertebrae are identifiable (Kellogg, 1936; Uhen, 1998).

Other characteristics may be found only in basilosaurids (within
archaeocetes) but are currently not known from other archaeocetes.
For instance, basilosaurid forelimbs had broad, fan-shaped scapulae

with the distal humerus, radius, and ulna flattened into a single plane
(Fig. 2). In addition, the elbow joint motion was restricted to the same
plane, and pronation and supination of the forelimb was not possible
based on the articular surfaces of the distal humerus, proximal radius,
and proximal ulna. Since forelimbs are poorly known in more derived
protocetids, it is unclear whether these features are found only in basi-
losaurids, or whether they are characteristic of a larger group.

Some of the characteristics of basilosaurids can be seen in some
protocetid archaeocetes, like Georgiacetus. Although the innominate
of Georgiacetus is large, it does not appear to have been connected to
the vertebral column. None of the vertebrae is fused into a sacrum,
yielding a condition similar to that seen in basilosaurids. In addition,
the cheek teeth of Georgiacetus have small accessory denticles, some-
what different from those in basilosaurids, but certainly larger than
any of the serrations seen in other non-basilosaurid archaeocetes.

II. Taxonomy

Taxonomy for the family Basilosauridae is after Uhen (1998).
Basilosaurinae and Dorudontinae are included here in the single
family Basilosauridae following Miller (1923) because a single char-
acter state (elongate trunk vertebrae) distinguishes basilosaurines
from dorudontines (Uhen, 1998). The names “zeuglodonts” and
“zeuglodons” are often colloquially used to refer to basilosaurids or
archaeocetes in general. These common names are derived from the
disused generic name Zeuglodon (discussed below), and their usage

should be avoided.
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A. Basilosauridae Cope 1868
1. Basilosaurinae Cope 1868 Basilosaurines are basilosaurids
with elongate posterior thoracic, lumbar, and anterior caudal verte-
brae. All known basilosaurines are also considerably larger than all
known dorudontines, with the exception of Cynthiacetus (see below).

A. BASILOSAURUS Harlan 1834  Basilosaurus was the first archae-
ocete whale named. The name was first coined in 1834 by Richard
Harlan, who mistook the large vertebrae for those of a large marine
reptile, thus the misnomer of “king lizard” for a cetacean. This mis-
take was pointed out by Richard Owen in 1842, when he attempted
to rename the animal Zeuglodon cetoides. Zeuglodon is considered a
junior subjective synonym of Basilosaurus, but it has been applied to
so many archaeocete whales as to have become a common name for
archaeocete or basilosaurid. Basilosaurus contains three species from
the late middle and early late Eocene: B. cetoides is known from the
southeastern United States, B. isis is known from Egypt and Jordan,
and B. hussaini is known from Pakistan (Uhen, 1998).

B. BASILOTERUS Gingerich et al. 1997 Basiloterus can be
distinguished from Basilosaurus based on its anteroposteriorly
long neural arch and more anteriorly projecting metapophyses.
Basiloterus contains a single species, B. drazindai, based on a single
lumbar vertebra from the late middle Eocene of Pakistan.

2. Dorudontinae Miller 1923

A. DORUDON Gibbes 1845 The genus Dorudon was erected in
1845 by Gibbes for a specimen of a small archaeocete that he dubbed
D. serratus. This specimen is of a juvenile individual with decidu-
ous teeth, making it difficult to compare to other specimens of adult
individuals. Nonetheless, the number of species in Dorudon grew
when Kellogg (1936) removed a number of species from the genus
Zeuglodon and placed them in Dorudon. Subsequently, many of these
species were synonymized and/or placed in other genera. Only D. ser-
ratus from the late Eocene of the southeastern United States, and
D. atrox (formerly Prozeuglodon atrox) from the late Eocene of Egypt
remain (Uhen, 1998).

B. ZYGORHIZA True 1908 The genus Zygorhiza was erected
in 1908 by True for specimens of a small archaeocete from North
America that he felt were different from Dorudon serratus. Some of
these specimens had been part of Kochs Hydrarchos and had been
called by many different names (Kellogg, 1936). Z. kochii can be
distinguished from all other dorudontines by the presence of well-
developed cuspules on the cingula of the upper premolars. Zygorhiza
currently includes Z. kochii from the late Eocene of the southeastern
United States and Zygorhiza sp. from New Zealand, as European
specimens assigned to Zygorhiza are more appropriately identified as
Dorudontinae incertae sedis (Uhen, 1998).

C. CYNTHIACETUS Uhen 2005 The genus Cynthiacetus was
erected by Uhen in 2005 for a large dorudontine that had a skull
similar in size and morphology to the skull of Basilosaurus, but which
lacked the elongate trunk vertebrae of Basilosaurus. Previously, ani-
mals such as this had often been called Pontogeneus, which Uhen des-
ignated a nomen dubium. Some of the vertebrae of Koch’s Hydrarchos
were large in size, but not elongate like those of Basilosaurus, and
were given the name Zeuglodon brachyspondylus. Kellogg (1936)
suggested that Zeuglodon brachyspondylus and Leidy’s Pontogeneus
priscus were the same, and used Leidys generic name and the spe-
cific epithet brachyspondylus for the new combination. Neither of
these previously named taxa is based on diagnostic type specimens.
Cynthiacetus is found in both the late Eocene of the southeastern
United States and Egypt.
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D. SAGHACETUS Gingerich 1992 The generic name Saghacetus
was coined in 1992 to subsume the former species Dorudon osiris,
Dorudon zitteli, Dorudon sensitivius, and Dorudon elliotsmithii
within a single species, Saghacetus osiris. S. osiris can be distin-
guished from other dorudontines based on its small size, and its
slightly elongate lumbar and anterior caudal vertebrae. S. osiris is
known only from the late Eocene of Egypt.

E. ANCALECETUS Gingerich and Uhen 1996 Ancalecetus
includes one species, A. simonsi, which is similar to Dorudon atrox
but has greatly modified forelimbs that were highly restricted in
their range of motion. A. simonsi is known from the late Eocene of
Egypt (Uhen, 1998).

F. CHRYSOCETUS Uhen and Gingerich 2001 Chrysocetus
includes one species, C. healyorum, which differs from all other
dorudontines in the smoothness of the tooth enamel, height of the
premolar crowns, and the eruption of its adult teeth in a skeletally
juvenile state. Chrysocetus is also the only dorudontine for which the
innominate is known. Chrysocetus is known from the late Eocene of
South Carolina (Uhen and Gingerich, 2001).

B. Questionable Basilosaurids

Excluded from this list is the genus Gaviacetus, which was referred
to the Basilosauridae by Bajpai and Thewissen (1998). The identifica-
tion of Gaviacetus as a basilosaurid was based on the likely absence of
upper third molars in both the type specimen of Gaviacetus razai and
the type specimen of Gaviacetus sahnii (Bajpai and Thewissen, 1998).
In addition, Bajpai and Thewissen (1998) referred some elongate ver-
tebrae to G. sahnii further supporting their placement of Gaviacetus
in the Basilosauridae. Since no specimen of Gaviacetus clearly shows
that the upper third molar is absent, or that any of the cheek teeth
have accessory denticles, and since reference of postcrania to unas-
sociated cranial material has proven problematic in the past, I prefer
to leave Gaviacetus in the Protocetidae as it was originally described
until it can be clearly shown to have basilosaurid synapomorphies.

Species that may not be basilosaurids are Basilosaurus hussaini and
Basiloterus drazindai. These species (as well as the genus Basiloterus)
are based solely on one and two vertebrae respectively. These vertebrae
are thought to represent basilosaurines because they are elongate, like
the vertebrae of Basilosaurus. Although this feature is a distinguishing
characteristic of Basilosaurinae within Basilosauridae, it is clear that
vertebral elongation is not restricted to basilosaurids. Eocetus, a pro-
tocetid from Egypt and North America, also has elongate vertebrae,
although they are not as elongate as those of Basilosaurus. It is possi-
ble that B. hussaini and B. drazindai are also protocetids. Once cranial
or dental material associated with vertebrae is found, it will be obvious
whether these taxa should be retained in Basilosauridae.

ITI. Phylogenetic Relationships

The phylogenetic relationships among basilosaurids, and their
relationships to other archaeocetes, mysticetes, and odontocetes are
shown in Fig. 3. Many of the character state transformations that
occur between basilosaurids and protocetids are associated with the
adoption of a fully aquatic existence; such as presence of pterygoid
air sinuses, extreme reduction of the hind limb, loss of the sacrum,
increase in the number of trunk vertebrae, and the presence of dor-
soventrally flattened posterior caudal vertebrae (Uhen, 1998). Other,
such as the loss of M?, loss of lingual roots on the upper molars, and
the development of accessory denticles on the cheek teeth, have to
do with changes in feeding that are not as easy to interpret.




94 Beaked Whales, Overview

)
@
& OQ;@
. 2 < NS
Q& o & SN Q
FF & & g
S &F O & F NN
& o & & o
I R T R ¥

o NS RN N
& & & & FE s
& & & @ & &

& WP g S

Basilosaurinae

Dorudontinae

Basilosauridae

Figure 3 Cladogram of basilosaurids, selected non-basilosaurid archaeocetes, mysticetes,
and odontocetes. Mysticetes and odontocetes not included in Durodontinae.

Within Basilosauridae, basilosaurines are united by the presence
of elongate trunk vertebrae, which dorudontines lack. Pontogeneus
may be the sister taxon to Basilosaurinae based on its large size. Each
genus of dorudontine is distinguishable from the other genera based
on the presence of autapomorphies, but it is difficult to confidently
link any of the genera based on any clear synapomorphies. The result
is a polytomous relationship among the genera or an imbalanced
tree with Mysticeti + Odontoceti nested well within Dorudontinae.
Chrysocetus is preferred as the sister taxon to Mysticeti + Odontoceti
based on based on the interpretation of it and early mysticetes and
odontocetes as monophyodont. Hopefully, some of the relationships
among basilosaurids will become more secure as more of the anat-
omy of more of the species becomes known.
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Beaked Whales., Overview
Ziphiidae

James G. MEAD

are medium-sized cetaceans, adults ranging from 3 to 13m.

They are characterized by a reduced dentition, elongate ros-
trum, accentuated cranial vertex and enlarged pterygoid sinuses. There
are currently 21 recognized species in 5 genera. They are all pelagic,
living in the open oceans and feeding on deep-water squid and fish.

B eaked whales belong to the odontocete family Ziphiidae. They

I. Classification and Nomenclature

Family Ziphiidae
Subfamily Ziphiinae
Berardius arnuxii
Berardius bairdii
Tasmacetus shepherdi
Ziphius cavirostris

Subfamily Hyperoodontinae
Hyperoodon ampullatus
Hyperoodon planifrons
Indopacetus pacificus

Arnoux’s beaked whale
Baird’s beaked whale
Shepherd’s beaked whale

Cuvier’s beaked whale

Northern bottlenose whale
Southern bottlenose whale
Longman’s beaked whale

Mesoplodon bidens Sowerby’s beaked whale
Mesoplodon bowdoini Andrews’ beaked whale
Mesoplodon carlhubbsi Hubbs’ beaked whale

Blainville’s beaked whale
Gervais’ beaked whale
Ginkgotoothed beaked whale

Mesoplodon densirostris
Mesoplodon europaeus
Mesoplodon ginkgodens

Mesoplodon grayi Gray’s beaked whale
Mesoplodon hectori Hector’s beaked whale
Mesoplodon layardii Straptoothed whale
Mesoplodon mirus True’s beaked whale

Perrin’s beaked whale
Peruvian beaked whale
Stejneger’s beaked whale
Spade-toothed whale

Mesoplodon perrini
Mesoplodon peruvianus
Mesoplodon stejnegeri
Mesoplodon traversii
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Figure 1 Details of the external morphology of an adult male Mesoplodon mirus
(USNM 504612). (A) Lateral view of the whole animal; (B) lateral view of head;
(C) lateral view of flipper; (D) lateral view of dorsal fin; (E) oblique ventral view of flukes.

The concept of the beaked whales as a separate group of ceta-
ceans became common in the 1860s and 1870s as Gray uses the
family Ziphiidae in his Catalogue of Seals and Whales in the British
Museum (1866) as do Van Beneden and Gervais, in their epic
Ostéographie des Cétacés (1868-1879). True (1910) studied ziphiid
systematics.

The common name of the family, beaked whales refers to their
pronounced rostrum or beak. The rostrum of beaked whales is,
admittedly, relatively shorter than in most dolphins but relatively
longer than most “whales.” Most beaked whales are encountered
rarely enough that they do not have “common names” but rather
“vernacular names,” that were coined by scientists.

The only beaked whales that are seen on a regular basis by fisher-
men (and whalers) are the northern bottlenose whale (Hyperoodon
ampullatus) and Baird’s beaked whale (Berardius bairdii). The
English name “bottlenose whale” was actually in common use as
were the Norwegian name nebhval or naebhval and the Danish
and German name dogling or their derivatives in other northern
European languages. The name tsuchi-kujira or just tsuchi is the
Japanese common name for Baird’s beaked whale (B. bairdii).

II. Anatomy

Living beaked whales are characterized externally by a pro-
nounced rostrum (beak) which blends into a high forehead (or
melon) without a break (Fig. 1); a pair of throat grooves; relatively
small flippers with short fingers and relative long arm bones; small
triangular dorsal fin that is placed far back on the body; and lack of
fluke notches. Internally they have a reduction in teeth; fusion of the
bones of the rostrum and development of extremely dense rostral
elements in males; expansion of the pterygoid air sinus and elimi-
nation of its lateral bony wall; and elevation of the bones associated
with the nose into a bony protuberance called the vertex (Fig. 2).

Several similarities between beaked whales and sperm whales
became evident early. Partly these were due to retention of ances-
tral characters and partly due to similarities in ecology. Both groups
of whales feed at considerable depth and are specialized to feed on
squid.

Ziphiids in general have reduced their teeth to the point that
teeth in the upper jaw are vestigial or absent and teeth in the
lower jaw are reduced to one or two pairs that usually erupt only in
adult males. The only exception to this is Shepherd’s beaked whale
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Figure 2 Skeleton of an adult male Mesoplodon densirostris in the Australian Museum, Sydney (after Van
Beneden and Gervais, 1868-79:Pl. XXII, Figure 9), Forelimb and pelvic rudiment are from an adult male of the
same species in the American Museum of Natural History (after Raven 1942).

(Tasmacetus shepherdi) which has a full dentition in both jaws (see
account under Tasmacetus for illustration).

The pronounced rostrum results from an anterior extension of the
rostral and palatal elements of the skull, the maxilla, premaxilla, and
vomer, coupled with a lateral compression to form a beak. Normally
these bones are moderately extended in cetaceans to form pincer-
like beak, and, in fact, the relative length of the rostra of some of the
toothed whales, like the river dolphins, exceeds that of beaked whales.

Beaked whales have a high forehead, which sets off the long ros-
trum. This forehead is composed of the soft tissue, which forms the
facial apparatus and the elevated cranium on which it rests. This soft
tissue is responsible for sealing the nasal passages against water and
modifying the emitted sound. The blowhole is crescent-shaped with
the horns of the crescent pointing anteriorly, except in the genus
Berardius where they point posteriorly. The forehead merges with
the rostrum without a break or groove that is characteristic of other
toothed whales, except the rough toothed dolphin (Steno bredanen-
sis) which is similar to ziphiids (Fig. 1B).

Beaked whales have a pair of throat grooves which are in the
shape of a “v” with its apex pointing forward. The anterior end of the
throat grooves lies posterior to the symphysis of the lower jaws and
anterior to the jaw joint (i.e., in the throat region). Throat grooves
are present in gray whales and sperm whales but absent in all other
species. They are not to be confused with the ventral grooves or
pleats, which are much longer, stretching from the tip of the jaw
back to the umbilicus in rorquals.

Beaked whales have relatively small, unspecialized flippers. They
consist of a relatively large forearm (radius and ulna) portion followed
by a short phalangeal (finger) portion (Fig. 1C). This also occurs in
porpoises (Phocoenidae) and rorquals and appears to be a primitive
cetacean character. The dorsal fin of beaked whales is small and trian-
gular, not falcate. The dorsal fin is located on the posterior third of the
body, usually over the anus at the junction of the abdomen and tail.
The position of the dorsal fin in beaked whales correlates with a rela-
tively long thorax and abdomen and short tail (Fig. 1D).

Beaked whales normally do not have fluke notches and the trail-
ing edge of the flukes is unbroken. Embryologically the fluke notch
is formed when the trailing edge of the flukes moves back beyond
the end of the caudal vertebrae. The caudal vertebrae anchor the
midline of the trailing edge resulting in a notch (Fig. 1E).

The reduction in teeth has proceeded to the point where all func-
tion teeth are lost in females and immature males and the dentition
is only represented by a single pair of teeth in the lower jaw of males.
Females and immature males have a pair of vestigial teeth. The den-
tition is apparently only used in male, intraspecific, aggression. The
two exceptions to this are the genus Berardius, which has two pairs
of mandibular teeth and Tasmacetus, which has a normal odontocete

dentition in both the upper and lower jaws. In Tasmacetus, the api-
cal pair of mandibular teeth is enlarged, which suggests that the sin-
gle pair of teeth in all other ziphiids represents the apical pair. A row
of vestigial teeth is sometimes present in the gums of both the upper
and lower jaws of some beaked whales, particularly Mesoplodon
grayi and Ziphius.

Fusion of the bones of the rostrum in some males takes place
with increasing age. As part of the fusion, the mesorostral canal is
filled in by dorsal expansion of the vomer and the individual ros-
tral elements fuse together. This is accompanied by an increase in
density of the rostrum. The density of the core of the rostrum has
been measured at 2.4 gm/cc in a male of Mesoplodon carlhubbsi and
2.6 gm/cc in a male M. densirostris.

The pterygoid air sinus is enlarged in the ziphiids, but remains
confined to the pterygoid bone and lost its lateral wall. The ante-
rior sinus is not developed in ziphiids. The vertex of the skull has
been expanded both laterally and vertically beyond what occurs in all
other odontocetes. The vertex is composed of the posterodorsal ends
of the maxilla and premaxilla, the nasals and the medial ends of the
frontals. The dorsal tip of the vertex has expanded laterally and ante-
riorly like a mushroom. This region is deeply involved with sound
production and modification.

III. Fossil Record

Ziphiids first appeared in the fossil record in the early Miocene
(Muizon, 1991). These early ziphiids had long rostra, full dentitions
with the first mandibular tooth often hypertrophied, an elevated syn-
vertex with a premaxillary crest, strong development of the pterygoid
sinus with reduction of the lateral wall of the pterygoid and increase
in the hamular process, and an auditory region of the skull that has
minimal fenestration.

By the middle Miocene fossil ziphiids were abundant. This is a
period of maximum diversity of the entire order Cetacea and certainly
was for the ziphiids. It is unclear how the Miocene genera relate to the
modern genera. There are about 14 genera of fossils currently recog-
nized as ziphiids. Of these 14 genera there are at least 28 species that
are based solely on rostral fragments. Critical work has demonstrated
that two genera are based upon non-diagnostic fragments and have
been regarded as nomina dubia. With further study, particularly of the
genera that are based on rostral fragments, there is bound to be a lot
of demonstrated synonymy.

Muizon (1991) classified modern and fossil Ziphiidae into three
subfamilies (1) the Hyperoodontinae, which contains Hyperoodon
and Mesoplodon; (2) the Ziphiinae, which contains Ziphius, Berardius,
Tasmacetus and the fossil genera Choneziphius, Ziphirostrum,
Cetorhynchus, and Ninoziphius; and (3) the Squaloziphiinae, which
currently contains only Squaloziphius (Fig. 3).
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Hyperoodon |
Hyperoodontinae
Mesoplodon
Ziphius
Choneziphius Ziphiidae

Ziphirostrum

Cetorhynchus Ziphinae
Berardius

Ninoziphius

Tasmacetus

Squaloziphius Squaloziphiinae

Physeteridae

Figure 3 Cladogram of the Ziphiidae (after Muizon 1991 ). Indopacetus is included

in Mesoplodon.

IV. Interactions with Humans

Because of their pelagic habits and general lack of concentrated
populations, ziphiids have not had much contact with humans. The
only fisheries that had ziphiids as a target species were the bottlenose
whale fishery in the North Atlantic and the Berardius fishery in the
North Pacific.

The bottlenose whale was hunted from the middle of the nine-
teenth century by Norwegian and British whalers. The catches of
the bottlenose whale were part of a multi-species small whale fish-
ery, where catches of one species may serve to subsidize catches of
another when the population of the second species has fallen to such
a point that fishing of it would not be economical. As a result the
population was over-exploited and protected by the International
Whaling Commission in the late 1970s.

Berardius was hunted primarily by the Japanese who fished it out
of shore stations on the northeast coast of Japan since at least the
seventeenth century. It was taken incidentally by other nations in the
process of whaling for other species. The Japanese market was local
to the whaling stations and would sometimes take Ziphius caviros-
tris and the occasional Mesoplodon. In the Southern Hemisphere,
whalers rarely took the southern forms of Berardius (B. arnuxii) and
Hyperoodon (H. planifrons). There were no fisheries based on them
as the target species.

Ziphiids were moderately large, difficult to find and catch and
had habits (deep diving) that did not suit them to captivity. The occa-
sional live stranded animals were sometimes maintained in captiv-
ity in hopes of rehabilitating them and learning something of their
behavior. The rehabilitation attempts were never successful and the
animals always died quickly. One Mesoplodon calf that stranded in
California in 1989 lived for 25 days in an aquarium.

See Also the Following Articles
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Bearded Seal

Erlgnaﬂ/ms barbatus

Kit M. Kovacs

I. Characteristics and Taxonomy
B earded seals are the largest of the northern phocid seals (Fig. 1).

Adults are 2-2.5m long and are gray-brown in color; some
individuals have irregular light-colored patches. The weight
of bearded seals varies dramatically on an annual cycle, but an aver-
age weight for adults is 250-300kg. Females are somewhat larger than
males in this species and can weigh in excess of 425kg in the spring.
The sexes are not easily distinguished. Pups are approximately 1.3-m
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Figure 1 (A) Bearded seal pup, 2-days old. (B) Adult male bearded
seal close-up showing the elaborate vibrissae. (C) An adult bearded
seal in typical habitat.

long at birth and weigh an average of 33kg. They are born with a par-
tial coat of fuzzy gray-blue fur but have already commenced molting
into a smooth dark-gray coat, with a light belly, that is their pelt by
the time they are a few weeks old (Kovacs et al., 1996). Their shed
fetal hair is formed into disks (similar to hooded seals) that are passed
with the placenta. Similar to adults, young animals often have irregular
light patches here and there. Pups faces have white cheek patches and
white eyebrow spots that give them a “bandit” or “teddy-bear” appear-
ance. Yearlings look very similar to pups, but the facial patterns are
somewhat less distinct and they often have dark spots on their bellies.
Bearded seals have several distinctive physical features. Their body
shape is very rectangular. Their heads appear to be small compared to
their body size, similar to monk seals. They have very square-shaped
fore flippers (with the longest toe being the middle one) which bear
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very strong claws. Inuit people in the Canadian Arctic refer to this
seal as “square-flippers” because of the shape of their front flippers.
They also have extremely elaborate, smooth, facial whiskers that tend
to curl when dry; this trait gives them their other common name—
bearded seal. Females have four mammary glands (another charac-
teristic shared with the monk seal lineage), unlike the other northern
phocids, which have only two. Genetically and morphologically, the
bearded seal is an intermediate form, sharing characteristics of the
two Phocidae subfamilies (Phocinae and Monachinae). Bearded seals
are the only species within the genus Erignathus.

The dentition of bearded seals is typical for phocid seals: T 3/2
C 1/1 PC 5/5 though anomalies in number are common and it is
also not uncommon for the teeth of older animals to be worn to the
gum-line.

II. Distribution and Abundance

Bearded seals have a patchy distribution throughout much of the
Arctic and subarctic (Fig. 2; Burns, 1981). Their preferred habitat is
drifting pack ice in areas over shallow water shelves. They are often
found in coastal areas. Some populations are thought to be resident
throughout the year, whereas others follow the retraction of the pack
ice northward during the summer and southward once again in the
late fall and winter (Kelly, 1988). They can maintain holes in rela-
tively thin ice, but avoid heavy ice areas. During winter they concen-
trate in areas that contain polynyas or in areas where leads in the
ice tend to be a regular feature, or along the outside of pack-ice
areas. Juvenile animals wander quite broadly and can be found far
south of the normal adult range. A neonate equipped with a satel-
lite tag in Svalbard traveled south to Jan Mayen and then almost to
the Greenland coast within the month following weaning, when the
tag ceased to transmit. Based on the fact that bearded seals can be
locally extirpated quite easily via hunting, it is thought that signifi-
cant subpopulation structure exists across the Arctic; this is currently
the subject of a genetics investigation.

It is not possible to provide accurate abundance estimates for
bearded seals because they occur at low density, are spread over a
very wide range, are difficult to survey logistically, and receive rela-
tively little research attention. But, this species probably numbers in

the hundreds of thousands globally.

III. Ecology

Bearded seals are a pack ice species. Generally, they are found
in ice-filled waters throughout the year. But, levels of primary pro-
ductivity and benthic biomass as well as sea ice have positive influ-
ence on abundance in a given area (Bengtson et al., 2005). Bearded
seals are known to come ashore in a few locales to rest, particularly
at the time of peak molting in midsummer. Bearded seals are not
deep divers; they feed in shallow, often coastal, areas and hence nor-
mally are not required to dive to depths more than 100 m. Pups dive
to much greater depths during their first year (>450m), but older,
experienced animals remain in shallow water where most of their
benthic prey resides (Gjertz et al., 2000). Most dives are less than
10 min in duration, although they can dive for up to 20-25min.

Bearded seals eat a wide variety of different types of prey, but
they are predominantly benthic feeders, eating clams, shrimps, crabs,
squid, fishes, and a variety of other small prey that they find near, on,
or in the ocean floor. They can search soft-bottom sediments using
their whiskers to find hidden prey that they get at using a combination
of water jetting and suction (Marshall et al., 2008). Some bearded seals
in Svalbard have rust-colored faces and fore flippers. This coloration
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Figure 2 Map showing the circumpolar, Arctic distribution of bearded seals (pink—the white
area over the Arctic Ocean depicts the area that is usually quite consolidated sea ice).

is the result of iron-compounds from soft-bottom substrates sticking
to the hairs while the animals feed and then chemically reacting with
oxygen when brought to the surface. The rust material is actually stuck
onto the hairs rather than in them.

Polar bears are the main predator of bearded seals, but walruses,
killer whales, and Greenland sharks may also take bearded seals, par-
ticularly pups and juveniles. They are important as traditional food
for humans in parts of their range.

IV. Behavior and Physiology

Bearded seals are largely solitary, although it is not usual to see
them hauled out together in small groups along leads or at holes in
the spring or early summer. It is quite unusual to see a bearded seal
on land; they prefer to haul out on moving ice. They are rarely more
than a body length from the water, and usually face toward the water.
However, they are not wary in a general sense—in some areas such
as Svalbard, Norway, they are very tame and can be approached by
humans to within meters by boat without reaction.

The time of breeding appears to vary somewhat geographically,
with peaks occurring sometime between late March and mid-May
depending on the locality. Females give birth in a solitary fashion,
on small drifting floes in areas of shallow water. Pups are born with a

thin layer of subcutaneous blubber, which is thought to be an adap-
tation to entering the water shortly after birth. Bearded seal pups
swim with their mothers when they are only hours old. This preco-
cial entry into the sea is likely a mechanism to avoid polar bear pre-
dation. Neonatal swimming skills develop quickly in this species, and
pups can dive to depths more than 90m and remain submerged for
periods in excess of 5min when they are only a few weeks old. They
spend approximately half of their time in the water during the nurs-
ing period, which lasts a total of 18-24 days and commence forag-
ing on solid food while still accompanied by their mother. Female
bearded seals spend little time on the surface with their pups,
beyond that which is necessary for nursing. Most of the time, they
attend the pups from the water next to the floe on which the pup
is resting at a given time. Females do leave their pups unattended
for periods to forage during the lactation period (Krafft et al., 2000).
Mother—pup pairs tend to remain in an area for some days at a time,
but can also move tens of kilometers from one day to the next. Pups
grow quickly during the nursing period, gaining about 3.3kg per day
while drinking more than 7.51 of milk per day. The fat content of
the milk is quite stable through lactation, at about 50%. Bearded
seals pups have leaner bodies at the time of weaning than less active
phocid pups, but they still have significant blubber stores and a body
composition that is about one-third fat (Lydersen and Kovacs, 1999).
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Pups are about 110kg when they are weaned. Weaning does not
appear to be as abrupt as it is in most phocid species.

Mating takes place around the time that females leave their off-
spring. Male bearded seals perform vocal displays underwater to
attract females and they also fight with other males during the breed-
ing season. Their beautiful, but slightly melancholy, underwater
songs are composed of a downward spiraling trill that can be heard
for many kilometers in calm conditions (Cleator et al., 1989). This
behavioral trait of bearded seals is the most studied aspect of their
biology. The onset of vocal displays (at least in captivity) is coincident
with the onset of sexual maturity (Davies et al., 2006). In the wild,
males defend small patches of ocean with elaborate bubble displays,
where they sing their songs intensively and repeatedly over a period
of some weeks. Bearded seal calls exhibit marked geographic varia-
tion in call dialects, whereas repertoires of calls seem to be quite sta-
ble regionally (Risch et al., 2007). Relatively little is known regarding
the specifics of mating behavior of this species because pairing takes
place in the water, but individual territorial males are known to
occupy the same areas from 1 year to the next for at least several
years (Van Parijs et al., 2003), whereas transient males behave some-
what like “floaters” in the system (Van Parijs et al., 2001).

Bearded seals shed their hair much more diffusely than other
phocid seals, losing hair most of the year. But, they do have a con-
centrated period of molting in June when they prefer not to go into
the water. At this time of year there is not a lot of ice available in
coastal areas, so bearded seals can be seen in small groups on the
available ice. Modestly dense aggregations can occur at this time of
year, particularly in poor ice years.

The most notable sensory adaptation of bearded seals beyond
their highly developed acoustic system is the extreme develop-
ment of their facial vibrissae. They have approximately 244 highly
sensitive, active-touch receptors within their facial whisker pads,
which are among the most sensitive in the animals world with 1300
mylinated axons (“nerve-endings”) associated with each whisker
(Marshall et al., 2006). The extreme development of the sensitivity
of the whiskers of bearded seals is presumably an adaptation to their
benthic feeding habit.

V. Life History

Neonatal growth is fast, similar to all phocid seals, but growth
over the rest of the first year of life is minimal by comparison.
Female bearded seals reach sexual maturity when they are about
5-years old, whereas males are a bit older, usually 6 or 7 years when
they reach maturity. Females give birth annually, similar to other
phocid seals. Bearded seals normally live to an age of 20-25 years.

Some populations appear to follow an annual pattern of move-
ment that follows the sea ice retreat in spring and expansion in the
fall, whereas in other areas bearded seals seem to be quite stationary.
This is likely primarily dependent on the availability of ice to haul
out on during the summer season; calving glaciers for example often
create ideal areas for bearded seals during summer in some coastal
areas.

VI. Interactions with Humans

Bearded seals are an important subsistence resource for coastal
people throughout much of the Arctic. Animals are harvested for use
as human food, dog food, and for their thick leather, which is impor-
tant for various traditional articles of clothing and for making skin
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boats in Alaska, the Canadian Arctic, and in Greenland. Russia is
the only country that has had a commercial-scale harvest of bearded
seals. Soviet ships took catches that exceeded 10,000 animals in
some years during the 1950s and 1960s. Quotas were introduced to
limit the harvests of the declining populations in the Okhotsk and
Bering seas, and the catch dropped to a few thousand bearded seals
annually through the 1970s and 1980s. This hunt provided food for
people and dogs and also fur-farm animal feed. Sinking losses are a
serious problem when hunting bearded seals. During much of the
year they sink when shot in open water or too close to edges; sinking
loss is estimated to be as high as 50%.

Bearded seals fed on a wide variety of food types, many of them
low in the food chain, so they tend to have low toxic chemical loads.
The most obvious threat to this species, beyond overexploitation at a
very local level, is climate change (Kovacs and Lydersen, 2008). Sea
ice predictions suggest that the breeding habitat of bearded seals will
decline dramatically in the decades to come.

This species has been kept in captivity in only one public aquar-
ium, Polaria, in Tromsg, Norway.
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PereER 1. Tyack

arine mammalogists often divide behavioral research into
M categories defined by mode of study: “acoustics” is stud-
ied by recording underwater sounds with a hydrophone,
“behavior” is often informally defined as that which can be seen
by an observer watching animals, and “diving” is often studied by
attaching tags to animals. This method-oriented view of behavior
may be convenient for sorting different research traditions, but it
obscures the integrated whole of behavior as it has been shaped by
evolution. Each method yields its own view of behavior, but no one
views alone can provide a complete picture.
Most behavioral ecologists divide behavior along functional lines,
i.e., what is the problem the behavior has evolved to solve (Alcock,
1998)? The following is a short list of such problems:

e Foraging behavior: how to find, select, and process prey

Predator avoidance or defense: the flip side of foraging from the
prey’s point of view

Dispersal and migration

Competition and agonistic behavior

Sexual behavior: how to find, court, and choose mates

Parental behavior

Social behavior and social relationships

This functional taxonomy of behavior is mirrored by Bradbury
and Vehrencamp’s (1998) functional analysis of animal communica-
tion. A receiver can often be viewed as paying attention to a signal
to answer a question related to one of these behavioral problems.
When the receiver detects one signal out of a larger signal set, the
signal can potentially help the receiver to reduce uncertainty about
the correct answer. Bradbury and Vehrencamp (1998) suggest that
a receiver’s questions can be divided into three categories (1) sender
identity, (2) sender location, and (3) behavioral context. Depending
on the problem, the receiver may be interested in different levels
of recognition of the signaler: species, group, sex, age, or individual.
Receivers usually need to know something about the location of the
signaler: how far away is it? Is it within the receiver’s territory? Is
it approaching or moving away? The behavioral contexts of animal
communication bear a striking resemblance to the functional behav-
ioral problems listed previously: conflict resolution, territory defense,
sexual interactions, parent-offspring interactions, social integration,
and environmental contexts such as those related to prey and preda-
tors. This article discusses marine mammal examples for each of
these basic problems in the behavioral ecology of all animal species,
with special emphasis on how the marine environment may affect
adaptations of marine mammals.
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I. Foraging Behavior: How to Find,
Select, and Process Prey

The earliest studies of foraging in marine mammals focused on
the stomach contents of dead animals in order to define what kinds
of organisms were in the DIET of marine mammals. The best that
observers could do in early field studies of living marine mammals
was to identify behavior associated with feeding, where feeding was
linked to observation of prey at the surface or chases, and so on.
However, these observations do not do justice to the complex proc-
ess by which animals find, select, and handle their prey. Increased
efforts in foraging theory to identify the kinds of decisions faced by
a foraging individual have focused attention on a more detailed view
of the stages of foraging, and new techniques such as tags that can
record behavior (Davis et al., 1999; Johnson and Tyack, 2003) have
improved our ability to collect the required data. This section dis-
cusses the various phases of foraging.

Marine mammals use every sensory modality available to find and
select their prey. The optimal senses for solving a particular foraging
problem depend on the setting. For example, vision is an excellent
distance sense in air but has a limited range underwater. Even though
polar bears (Ursus maritimus) are classed as marine mammals, they
often hunt their prey in air and may use vision in air to search for their
pinniped prey. Many seals and dolphins chase fish prey close enough
to the surface to be able to use down-welling light to see their prey
during daytime. Davis et al. (1999) have used video recorders attached
to seals to capture images of prey as seals hunt. In many coastal areas,
seals can see fish at ranges of 10m or so. Deep-diving seals such as ele-
phant seals (Mirounga spp.) have eyes specially adapted to the wave-
lengths and low light levels of the deep sea. Many deep-sea organisms
have light-producing organs, and researchers have speculated that
marine mammals may use vision to find bioluminescent organisms in
the dark.

As terrestrial mammals, we humans are accustomed to think-
ing of vision as the best distance sense, but sound carries much bet-
ter underwater than light. Some marine mammals have developed
sophisticated adaptations to use sound for finding prey. Perhaps the
best-known example is the sonar of dolphins. Dolphins and most
toothed whales have an auditory system that is specialized for high
frequencies, and they can produce a directional beam of intense high-
frequency pulses of sound. Most toothed whales echolocate by pro-
ducing a click and then listening for echoes from surrounding targets.
When they are in a search mode, they may produce a slow series of
clicks, listening for echoes. Madsen et al. (2005) used a tag to record
echolocation clicks of foraging Blainville’s beaked whales (Mesoplodon
densirostris) and echoes from prey. These whales typically detect sev-
eral echoes from each click at varying time delays and ranges. When
se