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AMTSACT 

The gastropod H. pugilinus has a thick pale greenish brown coloured periostracum which inhibits 
settling and growth of many borers and epizoans. The inhibitory effect of periostracum to borers 
and epizoans contributes to the snail's energetic eflSciency by reducing the energy utilised for shell 
repair caused by borers and reduces the weight of encrusters and other epizoans carried during the 
snail's movement. Moreover, the periostracum forms an obstacle to borers and hence to shell damage. 
Further, it acts to protect the snail from its predators by way of camouflage by trapping mud and 
sand in between the hairs. Thus in the molluscs a superior antifouling system can be established 
through a clear understanding of encruster inh ibitor properties. In the present study the morphology 
of the periostracum of H. pugilinus was observed with SEM and had been discussed. It's functional 
significance was correlated with occurrence and abundance of various epizoans, encrusters and borers 
found associated with H. pugilinus. 

INTRODUCTION 

THE PERIOSTRACUM is the outermost uncalcified 
coating of molluscan shell, the primary function 
of which is the deposition of inorganic phase 
to the shell. It is secreted by the mantle at the 
growing edge of the shell. These structures 
are commonly found in the Hipponicidae 
Capulidae, Trichotrophidae, and Cymatidae, 
It is present in archegastropod Neogastropod 
and Opisthobranchs also (Clarke. 1976). 
Clarke (1976) suggested the involvement of the 
periostracum in the secretion of gastropod 
shells. Gastropod periostracal structures have 
in general, been little analysed for their func
tional significance other than in relation to 
shell calcification (Bovelander and Nakahara, 
1970). Bottjer (1977) attributed secondary 
functions rather than calcification process to 
the periostracum owing to its great structural 
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variety. The mostly accepted one is that the 
periostracum protects the calcified gastropod 
shells against dissolution by acidic waters and 
boring organisms (Clarke. 1976 ; Abbott. 1968). 
This paper summarizes the structural and 
functional significance of periostracxun in the 
species H. pugilinus. Preliminary observations 
made with the specimens collected from dredge 
hauls showed that a number of specimens lost 
at least some of their periostracum and that 
shell portion without periostracum seemed to 
be occupied by a greater number of borers and 
epizoans, than those with intact periostracum 
(Pi. I A). Subsequent investigations led to the 
conclusions given in this report. These investi
gations clearly show that the thick periostractun 
of H. pugilinus functions so as to significantly 
inhibit the settling and growth of many epizoans 
with relatively large calcareous skeletons like 
barnacles and oysters as well as many borers 
that penetrate into the calcareous shell causing 
damage to the latter. This inhibitory property 
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may contribute to increased energetic efficiency 
and increased resistance to predators for 
H. pugilinus. 
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MATERIALS AND METHODS 

The specimens of Hemifusus pugilinus for 
the present investigations were collected along 
the Porto Novo Coast using trawl net. The 
distribution of this species in this coast is 
confined between three and thirteen fathom 
lines. The periostracum in this species 
is quite thick and can be readily peeled 
off the shells with forceps. For scanning 
electron microscopy, small strips of periostra
cum were mounted in various orientation on 
Alimiinium stubs, thinly coated with gold to 
prevent charging effects and observed in S-180 
stereoscan. Investigations on periostracal inhi. 
bition of epizoans and borers are based on 
specimens of H. pugilinus dredged from the 
coast of Porto Novo during (October 1984-
September 1985. 

RESULTS 

Gastropod periostraca show great variations 
from species to species in thickness, colour, 
flexibility and strength. The colour is usually 
brown, but may show variations depending 
upon the habitat. In the present collection the 
colour is greenish brown owing to the presence 
of algae in between the hairs of the periostracum 
of the shell. The periostracum tends to tear 
readily along the line of transpiral ridges of 
the shell, conforming to the contours of the 
underlying shell which in H. pugilinus is more 
or less smooth. The surface of the periostra
cum is covered externally by numerous papillae 
(PI. I B) which makes it velvety both in appea
rance and to touch. These papillae appear 
to consist of layers drawn out from the major 

body of the periostracum. Projecting perios
tracal structures include shingles, hairs, hairlets 
and raised lamellae (Bottjer, 1982). The perio
stracum in many gastropods is secreted as 
thin strips which overlap towards the aperture 
and are commonly appressed to the shell, 
but in some families such as Tubinidae. 
Hipponicidae, Capulidae, Trichotropidae and 
Cymatidae, these strips do not lie flat, but 
project at lesser angle so as to resemble 
shingles. 

The periostracal hair which are the drawn 
out structures from the major body of the 
periostracum range in shape from rectangular 
strips to structures which taper from a triangular 
base to a point (PI. IC). Hair may be attached 
to periostracal strips. Hairs are found in 
the Coculinidae, Hipponicidae, Capulidae, 
Trichotropidae, Cymatidae and Melongenidae 
(Bottjer, 1982). Hairlets can be stated as hair
like structures less than 1 mm long. Hairlets 
have a wide taxonomic distribution with 
occurrence in Vitrinellidae, Cerithidae, Colum-
bellidae, Buccinidae, Melongenidae, Fascio-
laridae, Capulidae, Strombidae, Cymatidae. 
Cancellaridae, Conidae and Tylodinidae, 
Hairlets are found attached to appressed 
periostracal strips. 

Functional aspect 

The percentage occurrence of borers and 
epizoans on different shell surface has been 
given in Table 1. The boring and epizoan 
fauna can be divided into three categories. 
1. Organisnas that become less common as the 
periostracum deteriorates. 2. Organisms that 
are limited to bare shell surfaces or become 
more common as the periostracum deteriorates.; 
3. Organisms which show no change in 
occurrence between shell surface types. 
Group A (Fig. 1) comprises the epizoans with 
either non-mineralized, lightly mineralized 
or completely mineralized skeletons as well as 
skeletons composed of sandgrains and shell 
fragments held together by organic cement. 
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Group B contains relatively large epizoans 
with calcified skeleton and borers that penetrate 
into calcareous substrates (barnacles, hydroids, 
serpulid worm tube, splnoid wormborings). 
The encrusting bryozoans and brachiopods 
come tmder the group C and attach regardless 
of the shell surface. 

The presence of borings under the perio
stracum was examined by removing it (non-

The barnacles and oysters will grow only if 
they find at least some portion of the shell 
without periostracum. Their growth will be 
continued by intruding under the surrounding 
periostracum which initiates its removal further. 

DISCUSSION 

The investigation with this species showed 
that many specimens of these igastropods had 
lost much of their periostracum and that shell 
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1. Percentage occurrence of borers and epizoans on different shell surface of H. pugilinus. 

eroded) by immersing the shell in either potas
sium hydroxide or sodium hydroxide solution. 
The observation showed the presence of boring 
branches about 0.5 to 1 mm in diameter that 
appeared to be fimgal (Colubic et aU, 1975). 
They probably get into the shell through the 
periostracum. However their destructive role 
was lesser than by spionid worms or algal 
grooves and borings. 

Many H. pugilinus were found naturally 
with partially eroded periostracum. Some
times even the entire periostracum had been 
eroded off. which appears to have been caused 
by abrasion during movement as well as by 
erosion by the grovrth of barnacles and oysters. 

portion without periostracum apparently had 
a greater number of borings and epizoans 
than those with intact periostracum. 135 
specimens were examined for shell surface 
type as well as boring and encrusting organisms. 
These data were then normalized as percentage 
occurrence of the organisms for each shell 
surface type and were given in the Fig. 1. 
Observations made in the present investigation 
clearly show that these epizoans use perio-
stracal hairs for attachment and for protection 
from mechanical disruption, and become less 
common as hair is eroded oflf. 

Group C (Fig. 1) includes epizoans which 
show no change in occurrence betvt^en the shell 
types of H. pugilinus. 
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TABLE 1. Percentage occurrence of borers and epizoans 
on different shell surfaces of Hemifusus 
pugilinus (1) Shells with non-eroded 
periostracum (2) Shells with partially eroded 
periostracum (3) Shells with well eroded 
periostracum (4) Bare shell surface. 

Group A 

Seccamminid Foraminifera 
Terebellid worm tubes 
Sabellid worm tubes 
Ascidians 
Calcareous bryozoans 
Juvenile bivalves 

Group B 

Spionid worm borings 
Algal borings and grooves 
Barnacles 
Hydroids 
Spirorbis worm tubes 
Polydora worm borings 
Cre/iidula spp. 
Oysters 

Group C 

Encrusting bryozoans 
Biachiopods 

(1) 

67.5 
.. 29.7 
. 20.0 

. . 17.0 

.. 10.4 
. 3.7 

— 
5 
— 
— 
— 
— 
— 
— 

. 25.2 

. 5.2 

(2) 

48.1 
11.8 
20.0 
20.0 
15.5 

— 

— 
8 
1.8 
1.8 
— 
— 
— 
— 

5.5 
12.7 

(3) 

32.5 
7.5 

10.0 
3.75 

10.0 
— 

2.5 
10.0 
7.5 

10.0 
2.5 
— 

3.8 
— 

15.0 
5.0 

(4) 

10.0 
2.5 
5.0 
1.8 
0 
— 

50-0 
56.3 
26.3 
6.9 

10.0 
23.1 
5.6 
8.1 

23.8 
10.0 

Group A. Organisms which become less abundant 
as the periostracum deteriorates. 

Group B. Organisms which become more abundant 
as the periostracum deteriorates. 

Group C. Organisms which show no change in the 
occurrence between various shell types. 

Freshly collected specimens of H. pugilinus 
are commonly found covered with a thin layer 
of sediment that is trapped by the triangular 
periostracal hairs. This may inturn, inhibit 
the settlement of borers and epizoans which 
need hard substrate for their growth (Grant, 
1966). Further, these projecting periostracal 
hairs may aid the possessor to escape from its 
predator (Bottjer, 1981) which rely upon 
visual perception, by way of camouflage in 
which process mud and sand particles are 
trapped in between the hairs. The fishes feed
ing on gastropods are cheated by the perio

stracum and raised lamellae which give a false 
appearence to the shell with great external 
sculptures (Palmer. 1977). The larger size 
of the shell owing to the presence of perio
stracum helps the snail to escape from its 
predator, which swallow their catches whole 
(Vermeioj. 1978). The flexible margin formed 
by the hairs and hairlets in Hipponicids and 
Capulids aid in adherence with regular hard 
substrates. The main function of periostracum 
is to inhibit the settlement and growth of 
epizoans. 

Projecting periostracal structures are well 
developed in the mesogastropod families, even 
though they widely distributed among the 
families of archaegastropods (Turbinidae, Coc-
culinidae only) and neogastropods. The meso-
gastropods and neogastropods show more 
variation in shell sculpture than archaegastro
pods (Mortan. 1967). Among opisthobranchs 
the Tylodinidae alone has projecting perio
stracal structure. The property to inhibit the 
settlement and growth of epizoans had already 
been well documented (Scanland. 1979 ; Bottjer 
and Carter, 1980). In the same way Hepton-
stall (1970) suggested the functional significance 
of the periostracrmi of the cephalopod Nautilus. 
Jackson (1977) enumerated that the tentacles 
and nematocysts of cnidarians. avicularia of 
ectoprocta andtoxicity of ascidians, cnidarians 
and sponges take place the role molluscan 
periostracum. As the epizoans and borers 
need a stable substratum (Grant, 1966), they 
usually do not get attacked on the shell, because 
of the presence of liable sandy coating which 
inturn is held in between the hair of perio
stracum. The periostracal hairs much like 
the artificial surface directly inhibit the settling 
and growth of epizoan and borers (Barnes and 
Powell, 1950). The presence of periostracum 
avoid the occurrence of Balanus as they pre
ferentially avoid growing on a substratimj 
densely covered with 1 mm long hairs (Warme, 
1975). The occurrence of polychaete worms, 
clionid sponges and algal borers below the 
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periostracum may be attributed to their ability 
to penetrate into the periostracum and other 
organic materials (Warme, 1975). It is possible 
that the relatively thick periostracum of H. 
pugilinus might inhibit these borers which are 
more adopt at penetrating calcareous sub
strates. The present study shows that the 
periostracum of H. pugilinus functions to 
inhibit settling and growth of borers and 
epizoans. Rittschoff et al. (1985) observed 
that neither seafish nor algae settle on corals 
such as the Leptagiorgia virgulata and Renilla 

reniformis. Latter it has been identified that the 
presence of three deterpenes was responsible 
for the inhibition. A very small quantity of 
these molecules (20.2 figlml) is enough to 
produce a repulsion of more than 50% of shell
fish. This discovery opened the way for the 
development of antifouling paints. Hence the 
study of encrustor inhibition property as well as 
other functional and biochemical significance 
of gastropod periostraca will lead to the 
development of superior antifouling system. 
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