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Multiple prismatic calcium phosphate layers in the jaws of present-day sharks (Chondrichthyes; Selachii)
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Summary. Jaws of large individuals, over 2 m in total length, of the shark species Carcharodon carcharias (great white
shark) and Isurus oxyrinchus (mako shark) of the family Lamnidae, and Galeocerdo cuvieri (tiger shark) and
Carcharhinus leucas (bull shark) of the family Carcharhinidae were found to have multiple, up to five, layers of
prismatic calcium phosphate surrounding the cartilages. Smaller individuals of these species and other known species
of living chondrichthyans have only one layer of prismatic calcium phosphate surrounding the cartilages, as also do
most species of fossil chondrichthyans. Two exceptions are the fossil shark genera Xenacanthus and Tamiobatis.
Where it is found in living forms, this multiple layered calcification does not appear to be phylogenetic, as it appears
to be lacking in other lamnid and carcharhinid genera and species. Rather it appears to be functional, only appearing
in larger individuals and species of these two groups, and hence may be necessary to strengthen the jaw cartilages
of such individuals for biting.
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Chondrichthyan fishes are characterized by having skele-
tons composed of cartilage and lacking bone!. However,
most species have some of their cartilages surrounded by
calcium phosphate prisms to strengthen various skeletal
elements®. The extent and degree of this calcification
appears to be functional, as it is heaviest in the cartilages
of the jaws, vertebral column, cranium, etc.3. Schaeffer#
stated that living chondrichthyans and at least the fossil
shark genus Hybodus possess only a single layer of pris-
matic calcium phosphate surrounding their cartilage
structures, whereas at least two fossil shark genera, Xe-
nacanthus and Tamiobatis, have numerous layers of pris-
matic calcium phosphate surrounding the cartilages, and
this seems to be of phylogenetic importance. While exam-
ining Recent shark jaws for tooth morphology, we dis-
covered four Recent species in the families Lamnidae and
Carcharhinidae which possess multiple layers of prismat-
ic calcium phosphate surrounding the cartilages in large
individuals.

Cross-sections of jaws and other cartilages were exam-
ined on dried chondrichthyan specimens in the Muséum
National d’Histoire Naturelle, Paris (MNHN), and
in the British Museum (of Natural History), London
(BMNH). Ground, thin sections of some species were
made for light microscopical observations, and prepara-
tions for scanning electron microscopy were made using
a modification of the method described by Dingerkus
and Koestler ° for some species. When the total length of
the animal was not recorded, estimations of the total
length for Carcharodon carcharias (great white shark)
were made from the tooth length — total length curve of
Randall®, and total length estimations for Isurus
oxyrinchus (mako shark) and Galeocerdo cuvieri (tiger
shark) were made by plotting tooth length — total length
curves from measurements of whole animals”’.

In all the aforementioned species, it was found that above
a total length of about 2 m, the animals had additional
layers of prismatic calcium phosphate around the jaw
cartilages. In longer individuals, more layers of prismatic
calcium phosphate were added, up to a maximum num-
ber of five in Carcharodon carcharias with a total length
of over Sm (figs 1 and 2). These added layers do not
correlate exactly with total length, as there is consider-
able overlap between total length and the number of
layers of prismatic calcium phosphate (fig. 1). In the two
jaws of Carcharhinus leucas (bull shark) observed, a small
one from an individual of probably about 1.5 m total
length had only one layer of prismatic calcium phos-
phate, whereas another much larger jaw from an individ-
ual longer than 2 m clearly had two layers of prismatic
calcium phosphate.

Large adult specimens were examined from over 50 other
species in the families Chlamydoselachidae, Hexanchi-
dae, Heterodontidae, Rhincodontidae, Scyliorhinidae,
Triakidae, Odontaspididae, Alopiidae, Squalidae, and
Squatinidae, as well as other species from the families
Lamnidae (including Cetorhinus) and Carcharhinidae,
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Figure 1. Graphs of total length versus the number of prismatic calcium

phosphate layers in: A) Galeocerdo cuvieri; B) Isurus oxyrinchus;

C) Carcharodon carcharias.

Figure 2. Scanning electron micrograph of a section of the prismatic
calcium phosphate layers surrounding the jaw cartilage of Carcharodon
carcharias, specimen No MNHN AB. 25. Scale bar equals 1 mm, exterior
is at the top.
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but all were found to have only a single layer of prismatic
calcium phosphate. The same was also true of other
groups of chondrichthyans examined, namely chi-
maeroids and batiforms. Also, only the jaw cartilages
were found to have these additional layers of prismatic
calcium phosphate; all other skeletal cartilages only had
a single layer of prismatic calcium phosphate surround-
ing them. ‘

The fact that these multiple prismatic calcium phosphate
layers are found in only some species of the families
Lamnidae and Carcharhinidae leads us to the conclusion
that they are not of phylogenetic importance in living
chondrichthyans. Rather, because the layers are only
found in the largest species of these two families, it would
appear that they are a functional attribute. Perhaps, as
these large carnivorous fishes grow to such a large size,
the strength of their bite becomes so strong that without
these additional prismatic calcium phosphate layers sur-
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rounding their jaw cartilages to strengthen them, their
jaws would not be able to sustain the pressures exerted by
the jaw muscles when biting.
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Evidence for spontaneocus neuro-melanophore activity in Pseudopleuronectes americanus (Teleostei;

Pleuronectiformes) during total darkness
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Summary. In total darkness, melanophores of much of the integumentary pattern of Pseudopleuronectes americanus
display intermediate melanosome distribution, whilst the a-adrenoceptor antagonist phentolamine evokes their
complete dispersion. The intermediate condition is not attained in total darkness in locally decentralized
melanophores. It is proposed that, in the absence of photic stimulation, spontaneous neural activity sustains a partial

melanosome aggregation in this species.

Key words. Melanophores; integumentary nerve plexus; phentolamine; spontaneous neural activity.

It is well established that albedo has aggregating and
dispersing effects on melanosomes when teleosts are sub-
jected to contrasting illuminated backgrounds, resulting
in changes in integumentary hue. Such responses involve
varying relative degrees of neural and hormonal regula-
tion in different species ', being predominantly neural
in the pleuronectid flatfish Pseudopleuronectes ameri-
canus ®. The neural control of teleost melanosome aggre-
gation is sympathetic* °, with noradrenalin the neuro-
transmitter 8. In total darkness it has been demon-
strated 1*9- 19714 that several teleost species, including
winter flounder !?, develop various intermediate hues.
The purpose of the present work was to determine
whether the intracellular distribution of flounder
melanosomes in total darkness involves neural media-
tion, or whether it constitutes a more passive intrinsic
condition of the melanophores.

Methods

Locally collected Pseudopleuronectes americanus (300—
400 g), were initially laboratory acclimated in stock
tanks. Melanophore activity in the mid region of the
integumentary pattern, i.e. in the extensive general back-
ground component 3 2 was investigated. This compo-
nent displays no chromatic sexual dimorphism (Burton,
unpublished observations) and unsexed, postspawned
and mature flounders were background adapted in indi-
vidual black (B) or white (W) plexiglas aquaria
(400 x 225 x 203 mm) supplied with running seawater
(6.5-7.0°C). The aquarium system was surrounded by a
frame covered with a double screen of heavy duty black
polyethylene arranged to eliminate extraneous illumina-
tion, whilst permitting access of personnel. Flounders
were maintained under a diurnal photocycle regime
(dark 9.5 h, light 14.5h; 60 W 1 m above the fish) with



