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ABSTRACT

The morphology and histology of the
digestive system of the chiton Acanthopleura
haddoni are studied. This system is
differentiated into alimentary canal and
associated glands. The above canal starts
with muscular buccal mass followed by a
short oesophagus that leads to a stomach of
two portions, a dorsal channel and a ventral
sac. This proceeds into a 1long coiled
intestine which is differentiated into an
anterior part and a narrower posterior part
that leads to a rectum which opens by an
anus on the posterior extremity of the
mentles cavity. The glands associated with
the alimentary canal include paired
salivary, sugar and digestive glands. The
food and feeding behaviour of this animal
are examined and the digestive mechanism is

discussed.
INTRODUCTION
Acanthopleura haddoni the Arabian Gulf. Early
represents one of the most description of the anatomy
common rocky molluscs in and histology for different
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polyplacophorans was given
by some authors (Haller,
1884 and Fretter, 1937). On
the other hand, the
morphology, histology and
physiology of alimentary
tract of Acanthopleura
haddoni collected from the
Tanzanian coast was briefly
studied by Greenfield
(1972). The morphology of
the digestive system of the
same species collected from
the Red Sea has been
reviewed by Soliman et al.
(1984). The radula and the
morphology of the digestive
tract o f some
polyplacophorans were
described by Saito and
Okutani (1989 and 1991).
Age, growth, ecology and
intraspecific variations of
the present species were
studied by Emam (1992, 1993
and 1994). No previous work
has been recorded so far on
the anatomy and histology
of this species.

The present studv aims
to give a complete
description of the
morphology and histology of
the digestive system of
Acanthopleura haddoni with
special reference on the
digestion and feeding
mechanism. Moreover, this
study might help in the
differentiation between
this species and other
related polyplacophorans.

MATERIAL AND METHODS

Specimens of the
chiton Acanthopleura
haddoni were collected from
Ras Al-Khymah on the
Arabian Gulf during 1993.

For anatomical
studies, 40 specimens with
32-65 mm length were used.
Their shell plates were
removed and specimens were
dissected. The morphology
of different parts of the
digestive system was drawn
by camera lucida attached
to a binocular microscope.
The length of the radula
was measured using vernier
caliper. The number of
transverse rows of radular
teeth and the number of
teeth per each row were
counted. The relationships
between body length of
chiton, length of the
radula and the number of
transverse teeth rows were
studied. Their constants
were computed using the
linear regression analysis.

For histological
investigation, the
digestive system of adult
mature animals was dropped
directly into Bouin’s fluid
or 10% neutral formalin
fixatives. The material was
then proceed for
sectioning. Sections of 5
um thickness were stained
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by Heidenhan’'s iron
haematoxylin and counter
stained with eosin. The
secretory cells also
examined after using
mucicarmine stain. Alizarin
‘stain was used to identify
calcium granules in the
epithelium of the digestive
gland.

The feeding behaviour
was studied in the Lab
using 30 adult specimens.
The stomach contents of
chitons collected from
rocky shores were also
examined under a stereo-
binocular microscope and
the different food items
were identified.

RESULTS

The digestive tract of
the chiton Acanthopleura
haddoni starts with the
mouth opening which appears
as a transverse median
slit. It leads into a large
muscular mass that
represents the £first par
of the alimentary tract. It
is followed by a short
oesophagus, sac-like
stomach, coiled intestine
and rectum. There are three
glands associated with this
tract namely; salivary,
sugar and digestive glands
(Fig. 1).

The Buccal Mass:

The buccal cavity
within the buccal mass is
greatly compressed in the
dorso-ventral direction due
to the presence of the
radula and the odontophoral
cartilage that supports the
radula and the radular sac
(Fig. 2).

The odontophoral
cartilage is composed of
muscle fibres and a large
number of vesicular
connective tissue cells.
These cells are different
in shape and size and each
has a 1light acidophilic
cytoplasm. The matrix of
this cartilage contains few
bundles of striated muscle
fibres which enveloped by a
thin 1layer of connective
tissue.

The radular sac
appears as a double-layered
blind tube arises from the

buccal cavity. Directly
beneath the radula, the
subradular epithelium

consists of columnar cells
which secrete chitinous
radular membrane in which
the radular teeth are fixed
(Fig. 2). Another membrane
overlying the radula is
called the supra-radular
epithelium which consists
of low columnar cells.

The Length of radula
varies from 16 to 34 mm
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(24%0.69) for animals
reaching 32-65 mm in
length. On the other hand,
their radular teeth are
arranged in 80-150
transverse rows (113%3) and
each row has 17 teeth. The
constants (A: intercept, B:
slope) of the different
relationships for chiton
length (L), radular length
(R.L.) and number of rows
(N.R.) are presented in the
following Table:

Relationship

L-N.R. L-R.L. R.L-N.R.

N* 40 40 40
A 31.838 20.33 291
B 0.147 1.161 0.188
S.E. 6.135 4.479 2.877

P <0.05 <0.001 <0.001

* N= number of chitons

The lining epithelium
of the buccal cavity is
mainly formed of columnar
cells with elongated oval
nuclei lying near the
middle of the cytoplasm. A
number of small pigment
granules are found in the
distal end of the cells. On
the side walls and floor of
the buccal cavity, a
cuticle layer of various
thickness covers this
lining epithelium. The
lining epithelium of the
dorsal wall of the buccal

cavity is formed of
ciliated columnar cells
without cuticle 1layer and
has many secretory cells
which are stained deeply
with haematoxylin-eosin and
mucicarmine (Fig. 3).

On each side of the
buccal cavity, a small
pouch opens dorso-
laterally. Each of these
has a number of folds, two
of which are pronounced and
projecting in the dorsal
side of the lumen (Fig. 4).
These folds are lined with
ciliated columnar cells
which have elongated oval
basal nuclei. Their
cytoplasm contains
moderately coarse granules
in its upper portion and
fine granules in its lower
part. The epithelial lining
rests on a thick layer of
connective tissue followed
by two muscle layers in the
form of an inner
longitudinal layer and an
outer aircular cne.

A number of elongated
secretory cells are found

between the ciliated
columnar ones. Their
cytoplasm is deeply red
with haematoxylin-eosin

staining (Fig. 5). They
give also a strong positive
reaction with mucicarmine
stain. The lining
epithelium of the remaining
folds consists of short
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ciliated columnar cells
with few scattered
secretory cells.

The Oesophagus:

It is a short tube
extending dorsally from the
buccal cavity and runs to
open into the stomach. Two
sugar glands open into the

posterior part of the
oesophagus (Fig. 1).
The lumen of the

oesophagus is highly folded
and its 1lining epithelium

is formed of ciliated
columnar cells. Their
cytoplasm is more

acidophilic and granulated.

It has oval nuclei with
prominent nucleoli 1lying
near the centre of the
cytoplasm (Fig. 6).
Secretory cells are
scattered among the
ciliated ones. Their
cytoplasm takes a 1light
color with haematoxylin-
eosin preparations (Fig.
7). On the other hand,
these cells are stained
positively with
mucicarmine. The lining

epithelium is followed by a
layer of connective tissue
and an inner circular and
an outer longitudinal
muscle fibres.

The Stomach:

Two distinct regions

are recognized in the

stomach; a dorsal channel
and a ventral sac (Fig. 1).

The dorsal channel is
separated from the
posterior end of the

oesophagus by a transverse
constriction and extends
back between the ventral
sac and the intestine. It
joins the left side of the
ventral sac.

Histologically, the
dorsal channel is 1lined
with ciliated columnar

epithelium layer which is
thrown mainly into high and
low folds. Some of these
high folds extend down the
whole length of the dorsal
channel. Secretory cells
are found in their 1lining
epithelium and are deeply
stained with hagmatoxylin-
eosin (Fig. 8).

The epithelium 1lining
of the ventral sac is
formed of non ciliated
columnar cells covered by a
layer of thin cuticle (Fig.

2). . Their cytoplasm s
granulated and contains
rounded basal nuclei.
Mucicarmine positive
secretory cells are
scattering between the
columnar cells. The

musculature of the ventral
sac is well developed and
is formed ofn1 outer
longitudinal and inner
layers of muscle fibres.

cTlcadnll
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Intestine:

This arises from the
left side of the ventral
sac of the stomach (Fig.
1). The intestine is thrown
into complex coils and is
divided into an anterior
relatively short part and a
long narrow posterior
region.

a- The anterior intestine:

The anterior intestine

has internally two
pronounced longitudinal
ridges running down

throughout its whole length
and enclose a gutter
between them (Fig. 10). The
lining epithelium of this
gutter consists of 1low
ciliated columnar cells
while those of the ridges
are high ciliated ones.
Cells of the lining
epithelium of the remainder
reqgion are similar to those
described in the ridges but
about half their height and
with a great number of
secretory cells (Figs. 10 &
11). The secretion of these
cells is deeply stained
with mucicarmine.

b- The posterior intestine:

In the transitional
region between the anterior
and posterior intestine
there is a constriction
separating them from each

other. Numerous fecal
pellets are observed inside
its lumen.

The posterior
intestine has from 12-15
folds of various width and
heights (Fig. 12). Each
fold contains two types of
cells: ciliated and
secretory cells. The former
are greater in number and
their cytoplasm is slightly
stained with haemtoxylin-
eosin and contains granules
of moderate size. The
secretory cells have narrow
apical regions and wide
basal ones. They have oval
basal nuclei and numerous
droplets that are deeply
stained with both
haematoxylin-eosin and
mucicarmine (Fig. 13).

The Rectum:

This is a short tube
which opens to the exterior
by the anus. Its lumen is
relatively wider than that
of the posterior intestine
and has less pronounced
internal folds. Its lining
epithelium is formed of
ciliated columnar cells of
uniform height. The
cytoplasm contains minute
granules at its apical
region. Their nuclei are
oval and 1lying near the
central region of the cells
(Fig. 14).
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The Salivary Glands:

These are one pair of
glands that open directly
on each side of the buccal
cavity (Fig. 1). They are
‘compound saccular glands
and lined by two types of
epithelial cells; a narrow
wedge shaped secretory
cells, and columnar ones
(Fig. 15).

Sugar Glands:

These are two
glandular sacs that lie
ventrally to the posterior
part of the oesophagus and
open through a common duct
into it (Fig. 1). Numerous
short thin-walled villi
occupy the cavity of these
glands.

In cross section, the
lining epithelium appears
highly folded and consists
mainly of secretory cells.
The cytoplasm of these
cells is highly granulated
and deeply stained with

haematoxylin-eosin, and
gave a positive reaction
with mucicarmine. The

nuclei are nearly spherical
and lie in the basal region
of the cells (Fig. 16).

Wedge-shaped cells are
found between the secretory
cells. Their cytoplasm is
lodged with a large number
of spherules.

The Digestive Glands :

This consists of two
lobes that surround the
greater part of the stomach
and £fill the spaces between
the coils of the intestine
(Fig. 1). These lobes are
composed of large number of
blind tubules and open by
two ducts into the ventral
sac of the stomach. Trhe
orfices of which are
protected by a sphincter
muscles and 1lie close to
the origin of the anterior
intestine at the posterior
part of the left side of
the ventral sac.

In cross section, the
digestive gland is formed
of a great number of either
round or oval tubules which
are separated from each
other by a sheet of
connective tissue. The
lining epithelium of these
tubules is formed of two
kinds of cells, large
vacuolated cells and small
pyramidal ones (Fig. 17).
The former is more numerous
and are elongated, with
acidophilic cytoplasm and
have basal nuclei. They
contain large secretory
granules, but often with
aggregated small ones. Some
of these cells appear at an
advanced stage of secretory

activity, being non
vascular with broken outer
boarder, and their
secretory products are
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released in the 1lumen of
the tubules. The second
type is present either
singly or in groups of 2-3
cells each. The cytoplasm
is usually crowded with a
variable number of granules
which are stained red with
alizarin. This indicates
that these granules are of
calcium origin.

Food and Feeding Behaviour

Specimens of A.
haddoni were collected
from flat reefs during the
low tide. They were found
among comunities of
barnacles; Balanus  sp.,
Cthamalus sp., and the
bivalves; Crassosterea sp.
and Mytilus sp. The rocks
were covered by blue green
algae. Many grooves scraped
by the hard radular teeth
of these chitons were
observed on the rocks where
they 1live. This is mainly
attributed to the feeding
behaviour of the animal on
algae that grown on that
rocks.

In the Lab, 30 chitons
were divided into two equal
groups. The first of them
were left in glass aquaria
with rocks covered with
algae. These animals were
mainly feed at night for a
period of about 7 hours.
The other group were left
in aquaria without food.

They were found to scrap
the glass at night. This
indicates that feeding
behaviour of these animals
seems to be regulated by
night darkness. Moreover,
chitons in these aquaria
were found to be aggregated
in small groups after few
days of fasting. Their
ﬁ%ﬂulae were observed to
scrap the calcareous
spicules on the mantle
girdles of each other.

Examination of the
stomach contents of chitons
collected from the field
revealed that among the
main components of the
stomach are fragments of
blue green algae. Diatoms,
rock fragments, calcareous
spicules, larvae of
barnacles and bivalves are
represented in smaller
guantities. /

DISCUSSION

The morphology and
histology of the digestive
system of the chiton
Acanthopleura haddoni has
been so far not examined
before. However, the basic
plan of organization of
this system has been found
to conform with the picture
of the structure described

in other members of
Polyplacophora with  the
exception of certain
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features such as the length
and dimensions of certain
parts, degree of coiling of
the intestine, length of
radula and number of its
,rows of teeth. These
differences were used .. to
differentiate between the
species of polyplacophorans
(Fretter, 1937; Soliman et
al. 1984; Saito and
Okutani, 1989 and 1991).
Moreover, the number of
teeth in each radular row
was varied among the
different molluscs
(Alexander, 1987). In the
present study, it is 17
teeth in A. haddoni, while
it was 11 teeth in the
aplacophoran Neoplina sp.
(Purchon, 1978). 1In the
gastropod snails Helix
pomatia and Patella sp., it
was 151 and 13 teeth,
respectively (Alexander,
1987).

The constants (A & B)
computed for the
relationships between
chiton Jength, radula
length and number of
transverse rows of teeth
can be used as a simplest
method for inter- and
intraspecific. differen-
tiation between various
polyplacophorans (Saito and

Okutani, 1989).
Histologically, the

structure of the

oesophagus, dorsal channel

of stomach, intestine and

rectum of A. haddoni agrees
well with the description
given by Fretter (1937) on
Lepidochitona cinereus and
Acanthochitona crinitus and
Greenfield (1972) on A.
spinger. Moreover, both the
large and pyramidal cells
described in the 1lining
epithelium of the digestive
gland in the present study
were similar to the
absorbing and lime cells
reported by Fretter (1937)
in the digestive gland of
L. cinereus and A.
crinitus.

The positively stained
alizarin granules observed
in the epithelial cells of
the digestive gland in the
present investigation
revealed that this animal
feeds sometimes on rock
fragments and calcareous
materials which are stored
as calcium droplets in
these cells.

o the other, handg,
the secretcry cells in the
lining epithelium of the
different digestive organs
of the present chiton were

positively stained with
mucicarmine. This indicates
that these cells were

mucous cells and they are
similar to that recorded by
Fretter (1973).

T he present
morphological and
histological structures of
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the different digestive
organs reflect the
digestive mechanism in this
group of animals. The long
radula with its sharp teeth
helps in rasping algae and
other hard fragments of
rocks and bringing them to
the buccal cavity of the
chiton. The salivary glands
pour their secretion
directly into this cavity
to be mixed with food
particles. Huang and Giese
(1958) reported that the
secretion of these glands
in some polyplae @Qphorans
contains maltase enzyme.
The secretory cells in the
buccal cavity secrete mucus
to lubricate the passage of
food particles into the
oesophagus. The cilia of
the 1lining epithelium of
the oesophagus carry the
food string backwards to
the dorsal channel of the

stomach. The secretory
cells of the two sugar
glands pour their
secretions into to this

channel. Meeuse and Flugel
(1958) found that these
secretions contain amylase
enzyme. The ciliated high
folds of the dorsal channel
allow the passage of this
mixture of food and enzymes
into the ventral sac of the
stomach. The secretion of
the digestive glands passes
to the ventral sac. The
presence of cuticle and
outer thick muscular coat

of this sac help the food
particles to be thoroughly
mixed with the digestive
enzymes of the digestive
gland. The absorbing
function of the digestive
gland was detected by the
presence of vacuoles
occupied by digestive
inclusions in its large
cells.

T he present
investigation revealed that
A. haddoni is a nocturnal
animal and feeds for a
period of about 7 hours.
The presence of great
quantities of blue green
algae and few calcareous
materials in +the stomach
contents of this chiton is
attributed to their
dominance on the flat rocks
covered with algae where
the animals live. Larvae of
some crustaceans and
molluscs were probably
consumed only incidentally
while feeding due to their
presence or seitlement cn
the algae. Glynn (1970)
reported that Acanthopleura
granulata and Chiton
tuberculatus largely feed
at night for a period of an
average 8 hours on
different species of blue
green algae. He also found
that a considerable
quantity of rock fragments,
comprising up to 40% (dry
weight) of the total
material removed, is also
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ingested. Greenfield (1972)
mentioned the presence of
large amount of blue green
algae and diatoms in the
stomach contents of the
-chiton A. spinger, while
Bode (1989) observed great
proportion of calcareous
substances in the gut of
Acanthochitona crinitus.

The present studies as
well as other
investigations indicated
that the diet of
polyplacophorans consists
mainly of carbohydrates
from algae and diatoms in
addition to few quantities
of protein either from the
growing tips of algae or
from larvae. The great
variety of diets in this
group is mainly due to the
particular structure of
their radular apparatus and
the structure of the
digestive system (Purchon,
1978).

The present
observation is decimny
important for future
histochemical and

biochemical studies
especially on the different
glands and secretory cells
in order to indicate their
specific functions and
their roles in the
digestive mechanism.
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LEGEND OF FIGURES (2-17)

Sectors of transverse sections of different organs of the
digestive system of Acanthopleura haddoni stained with

Fig.

Fig.

Fig.
Fig.
Fig.
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Fig.

2:

haematoxylin and eosin.

Photomicrograph of the odontophore cartilage and
radular teeth in the buccal cavity. X150

Photomicrograph of the lining epithelium of the
dorsal wall of the buccal cavity with numerous
secretory cells. X300

Photomicrograph of the buccal pouch with its two
pronounced ciliated folds. X150

Enlarged sector of the lining epithelium of Fig.f4
. X600

Photomicrograph of the oesophagus with its
ciliated folds. X150

S
Enlargeq’ector of the lining epithelium of Fig. 6.
X600

Photomicrograph of the lining epithelium of the
dorsal channel of stomach with numerous secretory
cells. X600
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9: Photomicrograph of the lining epithelium of the
ventral sac of stomach with its cuticle. X300

10: Photomicrograph of the anterior intestine with two
pronounced ciliated folds. X150

11: Enlarged sector of Fig. 10. X600

12: Photomicrograph of the posterior intestine. X150

13: Enlarged sector or Fig. 1l2. X600

14: Photomicrograph of the cilated lining epithelium
of the rectum. X300

15: Photomicrograph of the 1lining epithelium of
salivary gland. X300

16: Photomicrograph of the lining epithelium of sugar
gland. X300

17: photomicrograph of the 1lining epithelium of the
digestive gland with its large and pyramidal
cells. X600

ABBERVIATIONS

Buccal cartilage

Cilia

Cuticle

Large cell
Radular teeth
Pyramidal cell
Secretory cell
Vacuole
Wedge-shaped cell
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Salivary gland
Buccal mass

Radula

Oesophagus

Dorsal channel

Sugar gland

Digestive gland

Ventral sac
of stomachn

Intestine

Rectum

Fig. 1. Dorsal view of the digestive system

o+ Acantopleura haddoni
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The digestive system and feeding of the chiton,

Acanthopleura haddoni (Mollusca : Polyplacophora)
from the Arabian Gulf.
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