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INTRODUCTION

The structure of the eggshell of the leatherback turtle, Dermocheleys coriacea,
conforms generally to that described for contemporary chelonians (Hirsch 1983;*
Solomon and Watt 1985;° Solomon and Tippett 1987°). It is composed of an inner
organic membrane and an outer inorganic or mineral layer of calcium carbonate
deposited as aragonite. The latter occurs on the organic membrane in discrete units
composed of spicules radiating from a central core. In addition to the aragonite
crystals, the calcium carbonate can also be deposited as calcite which may assume a
variety of shapes variously described as ‘blocks, tabular crystals, or flattened lozenge-
shaped crystals occurring either singly or stacked’ (Solomon and Watt 1985).% The
latter also reported the absence of an external cuticular layer which is known to be
organic in nature and present in other chelonian eggshells (Hirsch 1983;* Packard et
al. 1984°). Phosphorus, present in the eggshells of other sea turtles was not detected
in leatherback eggshells (Solomon and Watt 1985).8

In view of the above differences, a further study was conducted on leatherback
eggshells from a different locale—Rantau Abang, Malaysia.

MATERIALS AND METHODS

Eggshell samples for determining basic structure were taken from the Rantau Abang
hatchery described by Siow (1982).° After the incubation period (55-60 days),
infertile eggs assume a cream coloured appearance (Chan et al. 1985).% Of the five
clutches, three were as described above and free from fungal infection. The latter
rendered one of the remaining two clutches rust coloured and the other grey. Samples
were also taken from hatched and dead in shell eggs.
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Scanning Electron Microscopy (SEM)

The eggshells were pinned flat on cork and air dried. Small flat portions were mounted
with the crystal layer uppermost, on aluminium stubs, using silver paint. Samples
were coated with gold/palladium for three minutes and viewed with a Philips 501B
SEM at 15 KV. Radial sections through the shell were also mounted in grooves cut
into the aluminium stubs and treated as above.

Infrared Analyses (IR)

KBr pressed disc samples of the eggshells were analysed with a Perkin Elmer 580 IR
spectrophotometer to determine the crystal forms present, ie, aragonite, calcite or
vaterite.

X-ray Microanalyses and Chemical Analyses

The inorganic profile of the eggshell samples was determined by X-ray microanalysis,
using an Edax analyser. Phosphate content was determined chemically using standard
techniques.

RESULTS

SEM

The basic structure of the leatherback eggshell is demonstrated in Figures 1-3. Figure
1, taken from a portion of the shell where the top crystal layer had sloughed off, shows
the mammillary layer, that is the layer of attachment of the inorganic portion of the
shell to the organic membrane. The radiating units of aragonite spicules on the
interlacing fibres can be clearly seen. As more crystals are deposited, distinct units
are formed (Figure 2). The unit structure becomes obliterated with progressive crystal
deposition, resulting in a surface of disorganised spicules lying on their long axis
(Figure 3).
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FIGURES 1-3 The progressive build up of the shell from the mammillary layer with
its radiating aragonite crystals to a more ‘unit’ structure which is eventually overlain
with a disorganised mass of aragonite. X480, 480. 1900.
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FIGURES 4, 5 Cubic and discoid calcite inserts between the aragonite (C). x 1900,
1900.
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FIGURES 6, 7 Cubic and Discoid calcite inserts between the aragonite (C). x 1900,
3750.
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FIGURES 8, 9 An amorphous calcium deposit, of variable thickness, occasionally
forms an outer covering to the shell. x 1900, 960.
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FIGURES 10, 11 Spherical masses of calcium phosphate on the outer surface of the
shell. Some degree of fusion appears to occur. x 1900, 1900.
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FIGURES 14, 15 A variety of fungal forms occur in association with the inorganic
matrix. x 960, 1900.
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FIGURES 16, 17 IR Spectra. Major peaks at 860 and 700 cm (aragonite), 879 cm
(calcite), 710 cm (vaterite).
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In addition to the normal aragonite spicules, the calcium carbonate sometimes
crystallises as calcite (see following section). The calcite is considered an aberrant
crystal form and can be deposited as cuboidal or discoid structures (Figures 4 and 5).
The cuboidal forms sometimes assume a stacked appearance (Figure 6), while the
discs can be overlain with secondary discs oriented perpendicularly to the primary
disc (Figure 7). The calcite occurs most frequently in the outermost layers of the shell.

The surface layer of most of the eggshell samples is covered at least in part by an
amorphous layer of material (Figure 8). In some regions this extraneous coating is so
heavy that the outer layer appears cemented by it (Figure 9). In some samples the
amorphous layer has associated with it spherical units of variable size (Figure 10).
Coalescence of these units frequently occurs (Figure 11).

As might be anticipated, the fungal forms which render the shell rust or grey
coloured are morphologically different (Figures 12-15). This aspect forms the subject
of a separate communication.

IR Analyses

The IR spectra (Figures 16 and 17), show major peaks at 860 and 700 cm consistently,
confirming that the majority of the crystal forms are aragonite. Two samples show
peaks at 879 cm in addition, indicating the presence of calcite in excess of 5%
(Solomon and Watt 1985).% The peaks at 710 cm suggest the possible presence of
vaterite.

X-ray Microanalyses and Chemical Analyses

The inorganic profile of the shells under examination is similar to that reported for
the green turtle, Chelonia mydas (Solomon and Baird 1976).” Calcium, potassium
and phosphorous are present in descending order of relative concentrations. Chemical
analyses show that phosphate is present in the range of 100-2000 ug/g of eggshell
material (ie, 0.01-0.2 wt %).

DISCUSSION

This study reveals that although the basic structure of the eggshell of the leatherback
conforms generally to that of contemporary chelonians, it differs in one major respect,
viz. the inclusion of a superficial calcium deposit over the ‘true’ inorganic layer. The
presence of aberrant crystal forms is not a new phenomenon, but the persistence of
this layer in this particular situation warrants further consideration.

In birds, stress will delay oviposition (Watt, personal communication) and the eggs
thus retained exhibit a characteristic extra cuticular deposit of calcium. Calcium
splash as it is commonly called also occurs in the field, where in a commercial egg
production system its presence leads to downgrading and ultimately to financial loss.

In the natural environment, the isolation of specific stress factors is difficult. With
respect to turtle nesting, the process has for centuries taken place on isolated beaches.
In today’s world, such isolation is almost impossible and at Rantau Abang, egglaying
invariably attracts tourist attention (Chan and Liew, in press).? It is not uncommon
for the female thus engaged to abort the process and return to the sea. In such a case
eggs will be retained beyond normal oviposition and may be subject to the deposition
of extraneous calcium. In birds the calcium put down as the ‘splash’, is calcium






