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Morphology of postcranial vertebrae in beaked whales (Family: Ziphiidae)
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I Introduction

Beaked whales are one of the many Odontoceti species that are distributed around the world.
Vertebral shape is determined by genetic and phylogenetic factors as well as physical factors. Is is
know that the vertebrae in beaked whales have the following characteristics: 1. relatively longer
centrum length, 2. posteriorly inclined neural spines, and 3. lower positioned metapophysis from the
cervical to the caudal vertebraec. As morphological differences in their vertebrae are recognized
among species, this study is aimed to demonstrate the morphological differences among inter and
intra species in conjunction with their swimming styles and phylogeny. In addition to numeric
analysis, comparison of the morphological characteristics was done so as to confirm potential

landmarks in determining the species by morphological approaches.

II Materials and methods

1. Specimens

The species used in this study are as follows: Baird’s beaked whale (Berardius bairdii), Northern
bottlenose whale (Hyperoodon ampullatus), Longman’s Beaked Whale (Indopacetus pacificus),
Shepherd’s Beaked Whale (Tasmacetus shepherdi), Sowerby’s Beaked Whale (Mesoplodon bidens),
Andrew’s Beaked Whale (Mesoplodon bowdoini), Hubbs’ Beaked Whale (Mesoplodon carlhubbsi),
Blainville’s Beaked Whale (Mesoplodon densirostris), Gervais’ Beaked Whale (Mesoplodon
europaeus), Gray’s Beaked Whale (Mesoplodon grayi), Ginkgo-toothed Beaked Whale (Mesoplodon
ginkgodens), True’s Beaked Whale (Mesoplodon mirus), Perrin’s Beaked Whale (Mesoplodon
perrini), Pygmy Beaked Whale (Mesoplodon peruvianus), Stejneger’s Beaked Whale (Mesoplodon
stejnegeri), and Cuvier’s Beaked Whale (Ziphius cavirostris).

2. Methods

Vertebrae of 128 individuals of 6 genera in 17 species were measured by caliper and digital images
in the following institutions: American Museum of Natural History, National Museum of Natural
History, Smithsonian Institution, National Museum of Scotland, National Science Museum, and the
Kagoshima City Aquarium. The data compared were the anterior and posterior thoracic, lumbar
and caudal vertebrae as the flexibility is changed at the diaphragmatic vertebra. The factor analysis
was used in the study. In the intra species comparison, the raw data was used, while in the inter
species, the data was standardized by geometric means so as to eliminate the absolute size effect.

The data of mature individuals was used only in the inter species comparison.

I Results and discussion

The swimming of beaked whales is categorized as undulatory style. In the inter species analysis,



their lumbar were categorized into the spool and the cylinder shape. When compared to the spool
shape, the cylinder shape has a larger neural spine, costal process and centrum length which is
capable of accommodating more muscles as well as strengthening their lever arm effects. Given
the same power, the cylinder shape was assumed to produce more propulsive power. In the anterior
thoracic, comparinh to the spool shape, the species of cylinder shape has a larger neural spine,
centrum length and neural spine width with lower positioned articular rib facets, which indicates that
they are capable of having larger muscles and less flexibility in the anterior thoracic. Hence it was
indicated there are two shapes in the undulatory style: cylinder shape with a rigid thoracic that would
utilize the propulsive power produced in the posterior trunk, and the spool shape, with a more
flexible anterior thoracic that would undulate the whole body.

When comparing the shapes and the positions of the teeth with their lumbar vertebrae, as the
species derived, their vertebrae became the cylinder from the spool shape (Fig.1). Some primitive
species, such as Tasmacetus shepherdi, showed a cylinder shape, which does not correspond to the
phylogeny of the Family. Vertebral shape is determined by both genetic and physical factors,
which is assumed to be one of the reasons for not corresponding to their phylogeny. As marine
mammals are adapted to aquatic life, the latter factor is assumed to have a large impact in
determining the vertebral shape.

This study showed that the post-zygapophysis has the potential of being a landmark used to identify
the species. Ziphius cavirostris has less developed post-zygapophysis posterior to 3d to 6" thoracic,
while Mesoplodon develop post-zygapophysis until 2d to 5" caudal vertebra  As this method is
applicalble to the specimens without soft tissue samples such as DNA as well as to the immature and
incomplete specimens, it is speculated to be used with skulls in identifying the species by

morphological approaches.
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Fig.1 vertebral shape differences in conjunction with the phylogeny
The more derived species have tendency to possess cylinder shape vertebrae (arrow pointed)



