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with greater litter accumulation. Lower values detected
in the disturbed sites may be due to high mortality and
rapid turnover of fine roots’.

The canopy openings alter edaphic environment such
as soil moisture, soil temperature, light avatlability and
nutrient cycling, which are ultimately reflected in fine
root dynamics (Table 4)°°*. Ewel et al®® found no
significant differences in fine root biomass 11 weeks
following gap creation. A similar trend was reported in
a low-land wet tropical forest of Costa Rica by Raich?.
On the contrary, it has also been reported that fine root
biomass and NPP in top 30 cm of the soil were much
lower in openings in all sizes than under plants and
declined steeply as opening size increased’?*. Lower
levels of very fine and fine root biomass and NPP
under canopy openings confirm and support the theory
proposed by Wilczynski and Pickett'” that the above-
ground gap creates below-ground gap. This could be
attributed to faster turnover rates’. Greater very fine
and fine roots biomass and NPP under intact forests

(closed canopies) could be attributed to greater litter-

accumulation along with higher tree density and basal
area as suggested by Visalakshi®.

Pattern of seasonal variations in root biomass and
NPP (maximum during first rainy season and minimum
in the dry season) observed in the present study is also
in confirmation with others®®?’, and could be attributed
to changes in edaphic environment such as soil moisture,
soil temperature, litter accumulation and root turnover>”.

The present study thus reveals that disturbances such
as annual wild fire and cattle grazing enhance very fine
root biomass and NPP and also confirms the theory
that the above-ground gap creates below-ground gap in
deciduous forests. '
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Contrasting ultrastructures in the
eggshells of olive ridley turtles,
Lepidochelys olivacea, from
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Normal and abnormal sized eggshells of olive ridley
turtles, Lepidochelys olivacea, from Gahirmatha have
been studied for ultrastructural characteristics. Fresh
eggshells exhibit modular shell units on the upper
surface followed by a membranous network of fibres
and a thin shell membrane. These structures are
not seen in hatched eggshells as the calcium is re-
sorbed during embryonic development. Abnormal
shells do not show any such structure excepting
disoriented fibres in its lower surface due to inade-

quate calcification.

THE egeshell is a mediating boundary and together with
other features it contributes to the isolation of the
embryo from the nesting environment. Modifications of
the shell structure have probably evolved for functional
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smoothness and evolutionary adaptations. It might
reasonably be anticipated that the eggshells of manne
turtles would show even greater structural variation
concomitant with the laying habits, temperature and so
on. The marine turtle eggshells fall within the category
of ‘softshelled’ eggs'? Extensive studies have been
carried out on the ultrastructure of green*¢, leatherback®”,
loggerhead? and Kemp’s ridley' sea turtles. Although
olive ridley, Lepidochelys olivacea, is the most abundant
sea turtle and Gahirmatha (Orissa) 1s the world’s largest
rookery of this species®, no report on its ultrastructural
morphology is available in the lterature. Here we
describe briefly the eggshell ultrastructures of these
turtles.

Egoshells from normal (both fresh and hatched; cir-
cular, 36.1-39.5 mm diameter) and abnormal (oblong,
very small: 85x11.5mm, 3.26g; and very large:
46.5 x 80.0 mm, 58.32 g) eggs were collected from the
Gahirmatha nesting rookery during the 1993 nesting
season and were subjected to XRD (Philips PW-1700)
and SEM (JEOL, JSM 35 CF) studies.

In general, the olive ridley turtle eggshell contains
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solely aragonite (CaCQO,) crystallites. This is in contrast
to that of other marine turtles where traces of calcite
and vaterite along with aragonite have been reported.
In case of leatherbacks, all the three crystal forms of
calcium carbonate (calcite, aragonite and vaterite)® and
in green turtles, both calcite and aragonite are present’.

In a normal eggshell of the fresh kind, the outer
inorganic surface exhibits a rough granular structure.
The nodular shell units are very distinct which is in
contrast to those reported for Caretta caretta® or Dermo-
chelys coriacea'® where they are ill-defined. Two types
of structures are observed on this surface: micronodules
which give the coarse granular appearance; and spicules
which vary in size and are also arranged in different
planes (Figure 1 a). The arrangement of the shell units
1s not compact and thus results in pore-like open spaces
of varying sizes. Such type of pores are present in
loggerhead” and Kemp's ridleys', but are absent in
leatherbacks'®. The pores are interrupted by the spicules
and are meant for gaseous exchange and water absorp-
tion'' which is essential during embryonic development.
The inorganic surface is followed by a layer of inter-
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) ICrogr: ' rpshells ' idle . Upper surface of fresh
Fisure 1a-d. Flectron microgaphs of normal eggshells of olive rnidlcy turtles. a, | .

eg::slwll showing loosely wrranged crystallites and spicules. b, Lower surface of fresh eggshell showing _‘lt:u
fibrilur network and a thin shell membrane covering it. ¢, Upper surlace of hatched eggshell. d, Lower surtace

of haiched eggshell.
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woven fibrils, which are organic in nature, frequently
branched, ramifide, exhibit a netted structure (Figure 1 b)
and these fibres are similar in composition to avian
epgshells'?. Specific positions of these fibres probably
act as nucleation sites on which the calcification begins’.
These fibres are flexible and stretch when the egg
diameter increases during incubation. Below the fibres

there is a very thin organic basement membrane through

which the internal fibrilar network 1s visible in ventral
view (Figure 1 b). In olive ridley, like other chelonians,
the shell membrane 1s single-layered and not paired as
observed in bird's eggshell®.

The outer surface of a hatched eggshell, even at
higher magnification, does not show any organized struc-
ture and i1s rather homogenous with fused granules
(Figure 1 ¢). The surface 1s obscured by minute spherical
or amorphous masses. Partial alteration of hatched egg-
shells of Carerta carerta has also been reported by
Schleich and Kastle’. This sort of disruption of structures
1s due to the resorption of calcium from the shell.
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Similar alteration in eggshell ultrastructure in developing
embryos due to utilization of calcium reserve has been
reported in domestic fowl" and leathery (Dermochelys
coriacea)'® and softshell turtles (Trionyx spiniferus)®.
The fibrilar network of the inner surface is not visible
as 1t 1s covered by a dense, structureless thick layer
(Figure 1 4d).

The abnormality of the eggs is mainly in the form

. and extreme size, small or large or in the form of two

or more eggs joined together'®. These eggs never hatch.
There is no report on the structure of abnormal eggshells
of any marine turtle. In case of abnormally small eggs,
the calcification of the shell is incomplete and present
in the form of a very thin layer through which the
inner surface is clearly visible (Figure 2 a@). No crystal
growth 1s discernible on its upper inorganic surface.
The lower organic surface consists of widely spaced
fibres and microglobules without the basement mem-
brane. The fibres are of uneven thickness, irregularly
arranged and show branching (Figure 2 b). Tiny globules
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Figure 2a-d. Electron micrographs of abnormal eggshells of olive ridley turtles. a4, Upper surface of a very
small egg shell. Note how a very thin, almost transparent, calcareous layer covers the fibrous network, b, Lower
surface of a very small eggshell. Disoriented fibrils with microglobules are seen. ¢, Upper surface of a very large
eggshell. Remnants of calcareous layer (black) is seen over a spongy mass. Pores appear thin and elongated due
to interconnection. d, Lower surface of a very large eggshell in which the parallel bifurcated fibrils are arranged

in a trellis pattern.
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are associated with these fibres and seem to be the
‘nucleation centres for crystal growth. The abnormally
large eggshells are also. without any crystal or nodular
structure on its outer surface. Remnants of a calcareous
layer as small patches are seen over a spongy mass
(Figure 2 c¢). Pores are interconnected and appear elon-
gated. The fibrilar network in the lower surface is
remarkable. The fibres are bifurcated and run more or
less parallel to each other in the form of a trellis pattern
(Figure 2 d). These parallel fibres are further perpen-
dicularly crossed by similar fibrils at regular interval.

Thus, the olive ridley eggshells, though appearing
ahlke externally, show contrasting ultrastructures. Dis-
similar structure is observed not only amongst normal
and abnormal shells but also between fresh and hatched
ones. Fresh shells consist of an outer inorganic calcareous
layer with nodular units and an inner organic layer
which is represented by a profuse mat of fibrilar network.

The eggshells undergo drastic ultrastructural changes

during incubation like those of Aves and other turtles
as a result of resorption of calcium from the shell. The
abnormal eggs do not show any crystalline structure
probably due to improper growth and inadequate calcium
deposition.
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