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ABSTRACT

The amount of mucus in the mantle tissue of a 
series of clams was correlated with the habitat in which 
each clam lived. The general chemical nature of the mucus 
was shorn to be acidic glycosaminoglycano

Since mucus in the mantle tissue is either highly 
concentrated in one area of the mantle or is diffused over 
the general mantle surfaces it was necessary to derive a 
figure which would be directly proportional to the amount 
of mucus in any clam* regardless of size, and ale© to' 
relate to the area of mantle surface« . It is the mantle 
surface which is functional in regards to removal of 
sediment. This figure 1 call the ’’Mucus Indez" and is the 
average thickness of mucus over the surface of the inner 
side of the mantle lobe. The resultant data from 30 
species* 27 genera* and 14 families show that those clams 
.that are normally in a less silty environment have a lower 
mucus index than those animals which live in a sandy or 
muddy environment or one Which can easily be stirred up 
by wave action..



xi
If the entire list of species be arranged in order 

of ascending mucus index» it is possible to discern a gen
eral trend in habitat from less to more silty environments. 
The Pectinacea, Pteriacea, and Anomiacea all have a low 
mucus index. These superfamilies are also found exclusive
ly in areas of low sediment, such as protected outer coast- 
rocky surface or swimming. The Cardiacea, Arcaceas and 
Carditacea are either shallow borrowers in sand or mud or 
are attached to the under surface or sides.of rocks in 
close proximity to sand or mud, These latter three super
families are exclusively those with a high mucus index.
The Veneracea range from the middle of the list down to 
the highest mucus index figure. The venus clams are those 
which are known to inhabit sandy or muddy substrata at 
shallow depths. The Mytilacea, which are probably the most 
highly adapted of all the Bivalvia, are found throughout 
the entire range from low to high mucus index numbers.
The habitats of the mytilids range from protected outer 
coast-rocky surface, with the mucus index of zero, to a 
genus that lives bay and estuary-mud-burrowing, with a 
high mucus index. I believe the situation in Mytilacea 
simply points out another example of a high degree of 
adaptive radiation shown by a successful group of animals.



In all cases studied the mucus was colored by 
alcian blue, colloidal iron, and magenta by the periodic 
aeidbSehiff technique. These were also acidic enough to 
be colored by hematoxylin, By the use o£ radioactive 
sulfur I was able to determine that the mucus was also 
sulfsfced. This test was performed in only one. member of 
the Mytilacea but I am assuming the situation to be the 
same in the other groups.



CHAPTER 1

INTRODUCTION

Other authors 9 but notably C. M. Yonge (1939,
1958), have shown that mucus aids in removing unwanted 
debris and silt from the mantle cavity of bivalve mollusks. 
In this paper I have made a study of the mucus in species 
from several bivalve families to test the hypothesis that 
more mucus is indeed found in the mantle tissue of clams 
that live in areas that at times can be silty than in the 
mantles of clams from consistently clean water.

I have examined the mantle tissue of bivalves 
ranging in habitat from rock surfaces on an outer rocky 
coast to those clams burrowing in rock, sand, or mud. My 
purpose in this study is to compare the amount of mucus 
found in the clam’s mantle with its habitat.

In addition to the removal of silt, the mantle 
tissue of a clam has several other functions. One of these 
functions is shell secretion. As the animal8s mantle grows 
in size radially from the visceral mass, the shell must 
grow along with it to provide protection to the clam's 
body. It is the outer lobe of the mantle that secretes 
the organic and inorganic material used for shell growth 
(Beedham, 1958). In some species the mantle tissue is



folded and fused into siphons which regulate the inflow and 
outflow of water to and from the mantle cavity. In the 
clams without siphons the inner lobe of the mantle acts as 
a regulator of water flow, opening and closing as the need 
changes. Another function of the mantle is locomotion.
Both Lima and Pecten propel themselves by controlling the 
outflow of water from the mantle cavity by the use of the 
lobes as the adductor muscle is closed. In the clam species 
which brood their young, the lobes close off the mantle cav
ity, providing a safe comfortable broodspace even when the 
clams are gaping. Sensory reception is another mantle 
function. The Pecten eye and the sensory tentacles of 
oysters are examples.

The removal of pseudofeces is the function with 
which this paper is concerned. Pseudofeces is unwanted 
sand, silt $ and other detritus which finds itself in the 
mantle cavity. All incoming material is filtered through 
the gills. Sand grains, or other material too large for 
the food grooves at the edge of the ctenidia, are rejected 
by cilia and fall onto the mantle surface. The presence 
of this detritus causes a flow of mucus from the glands 
on the mantle surface. The mucus and sand grains together 
are swept posteriorly and are formed into chains where it 
is removed as pseudofeces. In order to deal with varying 
amounts of silt the flow of mucus is dependent upon the



amount of stimulation on the mantle surface. This fact is 
easily demonstrated by artificially stimulating the secret
ing area of the mantle located just inside the inner lobe. 
When stimulation is applied a great deal of additional 
mucus is produced.

One of my objectives is to quantify the amount of 
mucus found within the mantle tissue in relationship to the 
mantle surface area. This resultant figure will then be 
discussed in relationship to the various habitats of the 
clams. The other objective is to characterize the general 
chemical nature of the mucus tissue, using simple histo
logical techniques.



CHAPTER 2 

MATERIAL AHD . METHODS

Collection, Maintenance * and Preparation of Animals
The mantle structures of 33 species from 28 genera 

and 14 families of bivalve mollusks were used in this study. 
The clams were collected from various parts of the California 
coast and from three stations in the upper end of the Gulf 
of California, The exact location is given in the legend 
opposite the photograph of the mantle of each species.
The mantles were fixed and histological sections were made 
to show the location and general chemical nature of the 
mucus. The rationale for the use of the specific stains 
is found in the section on staining reactions. For histo
logical methods I followed closely the directions given by 
Howry (1963).

I recorded the ciliary rejection tracts in members 
of the families Anomiidae9 Ostreidaes Veneridae, Tellin- 
idae, and Mytilidae. Carmine in seawater and a suspension 
of mud were used to track the ciliary currents. The above 
clams were collected and kept alive in aquaria. Each 
animal was anesthetized in a solution of magnesium chloride

4



isotonic with seawater« The left valve * the body,, and both 
ctenidia were removed leaving only the right mantle intact 
on the right shell valve.

' Calculation of the Mucus Index
The Mucus Index (I) is the ratio of volume of mucus 

in the mantle tissue (V) to the area of the mantle surface 
(A) in the region of the lobes.

(1). Mucus Index: 1 = V/A.
Using Figure 1 as an examples consider the mantle to be a 
right cylinder. The surface area of the mantle lobe is the 
length (L) bounded by positions 4 and 16 and multiplied by 
the depth of the cylinder (3D) .

(2). A o L x D.
The volume of the mucus (V) contained in the same lobe 
thus is the area of mucus in any given cross section (A8) 
multiplied by the depth of the cylinder (D).

■ (3). V = A8 x 9.
' By"combining equations (2) and (3) with equation 

(1) it is apparent that the Mucus Index is numerically 
equal to the area of mucus on a given cross section (A8) 
divided by the length of the line (L), representing in a 
cross section the functional surface of the mantle edge 
in the vicinity of the lobes (e.g. 4 to 16 of Fig. 1).
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From equation (1) we obtain: 1 = V/A and from 

equations (2) and (3) we obtain: I == V/A = A ’D/LD = A*/L, 
Therefores the Mucus Index is numerically equal to the area 
of mucus on any cross section divided by the length of the 
line on that cross section in the vicinity of the lobes, 
namely from positions 4 to 16 on the mantle surface. The 
Mucus Index is also numerically equal to the cubic centi
meters of mucus per square centimeter of mantle surface 
times 10̂ .

The surface area of the mantle in the vicinity of 
the lobes is the area which functions in removal of detritus. 
The ciliary rejection tracts are located in this region and 
the unwanted material,is swept here, combined with mucus to 
form pseudofeces, and then swept posteriorly. It is also 
in the region of the mantle lobes that the mucus is exuded
from between the epithelial cells.

The area of mucus and the length of the mantle edge
were measured on the photomicrographs. The area was then
measured by placing cross section paper over the photos 
and counting the squares which had mucus under them. The 
length was measured by the use of a map measurer which was 
rolled along the edge from position 4 to position 16 on 
'each photomicrograph. Since area is proportional to the 
square of magnification, and length is proportional to the 
first power of magnification, it was necessary to adjust
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the ratio A/L by dividing the figure obtained by the 
magnification of each individual photomicrograph.

In summary$ the Mucus Index is the ratio of volume 
of mucus to the surface area of the mantle. The Index was 
determined by measuring the area of mucus on each photo- 
micrograph and dividing that figure by the length of the 
mantle edge and dividing that figure again by the magnifi
cation of the photomicrograph in question.

X am aware that the mantles may have been in various 
degrees of relaxation and that the ratio would vary from an 
expanded to an unexpanded mantle. However* in the technique* 
all clams were anesthetized in isotonic magnesium chloride 
prior to fixation and X am assuming that this variable is 
small and negligible.



CHAPfEE 3

cjeoss Mwrnwrn ms msmjsm
A brief description of the histology of a general 

mantle is given to enable the reader to follow the results,, 
Fig-* 1 is a stylised diagram of a general bivalve mantle 
And shell» The distal portion of the outer lob© is

or prismatic8 layer of the shell. The more proximal 
portion of the outer surface of the mantle secretes the 
inner crystalline layer* Both layers of the shell have 
an organic matrix and therefore both the distal and 
prossimal portions of the outer lobe secrete the material 
which makes up the so-called conchiolin.

The perIps tree urn, or outermost covering of the 
shellg is formed from the bottom of the groove between 
the outer and middle lobe, which is known as the perios" 
tracaS groove. The periostracum starts at the base of 
this groove and goes outward over the distal tip of the 
outer■lobe and then reflects over the shell and back to 
the ligament. According to Beedham (1958), the high 
columnar cells on the inner side of the outer fold are

for the deposition of the outer calcareous

S
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OL

oc ML

Fig. 1. Stylized edge of a general clam mantle. 
The orientation is the same as in the photographs. The 
shell, which is not shown in the photos here, aids in 
orientation. P, periostracum; OL, outer lobe; ML, middle 
lobe; PG, periostracal groove; IL, inner lobe; OC, outer 
calcareous layer; IC, inner calcareous layer. Page 38 
describes the meaning of the numbers.
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responsible for the secretion of the periostracum. The 
fold of mantle tissue which is just inside the periostra- 
cal groove is known as the middle mantle lobe»

The ne&t groove in the amntle separates the middle 
fold from the inner fold. The inner fold is called the 
-velum. (Pelseneer, 1906) or the pallial curtain (Be Is on 9 
1938)« The pallial curtain is under nervous and muscular 
control of the mollusk. If the clam is gaping, the integ
rity of the pallial space may be maintained by extending 
the two tips of the velum toward each other and thus 
effectively closing off the gape* The inner mantle fold 
is used mainly to control the clam’s environment. He can 
open the fold and clamp his shell shut to force water out 
of the shell, or he can keep the velum closed and pump 
water through the pallial, cavity. In some species the 
clam can modify the shape of the exhalant siphon, roll
ing it into a tube or flattening it out into a flat 
surface. If mucus is to be found at all in the mantle 
tissue, the largest concentration will be on the proximal 
side of the inner lobe.. It is also near this point that 
the large ciliary tracts which drive the pseudofeces to 
the rear of the animal are found. ;

Suspended material which enters the mantle cavity 
and which is not taken into the gut of the bivalve is 
deposited onto the mantle surface where it is transported
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by cilia to a specialized area of the mantle. This area is 
called the rejection tract and is where the sediment and 
mucus is mixed into the strings that find their way back to 
the inhalant siphon. These mucus strings are called pseudo
feces and are rejected by the clam either by closing its 
mantle or by allowing the mucus string to find its way to 
the inhalant siphon where it is removed by water currents.

It is a fair assumption that this mucus is used in 
the removal of pseudofeces. Below the inner folds the 
mantle tissue becomes very thin in most species and the 
epithelial cells become cuboidal. Mucus-secreting cells 
are found interspersed approximately every ten to twelve 
cells between this epithelial layer* but the mucus is 
always in the epithelial layer* while in the lobes it is 
subepithelial in position. This does not imply that the 
mucus is subepithelial in origin. These subepithelial 
gland cells containing mucus may have migrated below the 
epithelium in order to accommodate larger amounts of 
mucus. The cells have openings at the epithelial surface. 
Where the amount of secretion is great* these goblet cells 
in prosobranch snails have sunk into the connective tissue 
(Fretter and .Graham* 1962) .

Mucus can'be found either beneath the epithelium 
or in the epithelial cells. Wien the mucus is sub- 
epithelial* it is usually concentrated, as seen in Figs. 2
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F i g. 2 . Gregarie lla c oe rctata 
x4~7 AB-H 



and 3. The mucus is the dark area just under the 
epithelium. Myfcilus californianus (Fig. 4) shows sub- 
epithelial mucus in the embayment proximal to the middle 
lobe. In this case, the mucus can be seen working out 
between the epithelial cells. Fig. 5 is an example of 
epithelial mucus in the middle lobe of Pododesmus. Fig. 6 
very clearly shows subepithelial mucus working out between 
the epithelial cells of the mantle of Crassostrea gigas.

Fig, 7 is a photomicrograph at 826X showing a 
typical mantle edge. The epithelial cells are closely 
spaced but the cells are widely spaced underneath the 
epithelium. The nuclei here are stained with hematoxylin.
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Fig. 3. Protothaca tuirida 
x339 AB-H

14 

F i g. 3 . Pro t ot haca t uroida 
x339 AB-H 



F i g . 4 . My tilus 
x 339 

californianu s 
CI-H 

15 
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Fig. 5. Pododesmus sp.
x543 AB-PAS

Fig. 5. Pododesmus ~· 
x543 AB-PAS 
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Fig. 6. Crassostrea gigas 
x217 CI-H
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Fig . 7. Gregar i e l l a c oarcta ta 
x826 CI-H 



CHAPTER 4

SIAXMHG REACTION AID THE CHEMISTRY OF MUCUS

The following stain techniques were used to detect 
specific characteristics of the mucus,

1. Periodic Acid-Schiff (PAS) to demonstrate the 
presence of any polysaccharide.

2. Alcian Blue-Hematoxylin (AB-H) to substantiate 
the colloidal iron test.

3. Colloidal Iron-Hematoxylin (Gl-H) to show an 
acidic nature of the polysaccharide.

4» Hematoxylin as the control part of the Cl-H 
test. The hematoxylin also shows the basophilia of the 
mucus if it is acidic.

Acidic mucopolysaccharides are built of alternate 
units of amino sugar and a glycuroaic acid. The acidic 
character of mucopolysaccharides comes from glycuronic 
acid which is reinforced in some cases by sulfate groups 
(Jeanlos $, 1963 from Florkin and Stotz9 1963$ Yol. 5).
The term "mucopolysaccharide” as suggested by Meyer (1938) 
means a polysaccharide which contains a hexosamine and is 
found in animals. This is a very unspecific term and 
Roger Jeanlos (1965) has suggested glycosaminoglycan for 
polysaccharides which contain amino sugars, An acidic

19



glyeosaminoglycan would be called glycosaminoglycuronan 
if the polysaccharide contained amino sugar and uronic 
acid moities. This semi"systematic name then could be 
made more specific by specifying the hexose s as for ex
ample @ glucosamine would be called glucosaminoglycan,

Glyeosaminoglycaas are widely distributed in the 
mtimal kingdom. They have been extensively studied in 
mammals. These chemicals are found in microorganisms, 
plants-» invertebrates .8 and vertebrates. Chi tin, the most 
well-known, was found in the lobster shell in 1876. It 
is now known to be in the phyla Coe lenterata g Memtoda, 
Acanthocephala, Chaetopoda, Arthropods, Mollusca, Polyzoa, 
Phoronidea 3 Brachiopoda, and in fungi and lichens (Jeanloa, 
1965). Some form of a glyeosaminoglycan is found in the 
Acoel turbellarian Convoluta convolota (Pedersen$ 1965).

Helen de Souza Santos (1966) has some convincing 
eleetronmicrographs showing granular material working out 
between the cells in starfish tube feet. Chaet (1965) 
found these particles to be PAS and alelam blue positive 
and presumed them to be mucopolysaccharides. This may 
well be a glyeosaminoglycan in which case these chemicals 
also appear in the Echinodermata.

In Molluscs chifcin and other glyeosaminoglycans 
are found in the radula of snails and the internal shield 
of squid. Two glyeosaminoglycans s, know as Mac tin A and
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Hactin Bs have been isolated from the clams Spisula and 
Cyprina. .These materials contain am unspecified glycos- 
amine and glucuronic acid and have anti-coagulant 
propertieso Equimolar quantities of glucosaminoglycan 
and galac tosaminoglycan were found by Shashoua and Kwarf 
(1959) from the snail Busvcon canaliculatum. These same 
two heseosamines have been found in the garden snail - Helix 
asnersa (Williams„ 1960)»

Because of the known occurrence of mucus in other 
species of mellusks and because of the generally known 
chemistry of at least the major constituents of mucus, it 
is assumed that the mucus in the mantle tissue of the 
bivalves herein studied is an acidic glycosaminoglycan,
For this reason8 the methods presented by Howry (1963) 
to color the mucus were followed. In all cases the mucus 
was colored by colloidal iron, alcian blue, and the per
iodic acid -Schiff technique (PAS). I found by experimenta
tion that the mucus was acidic enough to be colored by 
hematoxylin aid that stain also was included in the group.

According to Howry (1963) acidic mucus will be 
stained by both PAS and alcian blue or colloidal iron.
The PAS indicates that there are adjacent hydroxyls in a 
carbohydrate and the alcian blue or colloidal iron shows 
that there are acidic groups present on the hexose 
molecule. In this case the. color is purple $ being a
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combination of magenta and blue» Fig, 8 is an example of 
the combination of magenta and blue with the Cl"PAS tech
nique „ The large area of mucus is subepidermal in the 
middle mantle lobe. Froximally$ down along the edge of 
the inner lobe, one can see little blue spots of mucus 
which appear to be in the epithelium in this low power 
photograph but are actually just underneath the epithelial 
layer. This is an example of diffused distribution of 
mucus cells. ,

The combination stain is evident in some slides; 
in others it appears that the colloidal iron colors areas 
of the mucus that the alcian blue does not, and vice- 
versa. For this reason9 the category AB-PAS or Cl-PAS 
was not used in the tabulation of the results. It can be 
stated categorically» though, that all the mucus did stain 
with the PAS, alcian blue and, in some cases, colloidal 
iron and, in most cases, with hematoxylin.

Any substance which stained with alcian blue or 
colloidal iron was considered to be mucus in the calcu
lation of area of mucus in the photomicrographs.

The results indicate that the mucus which took up 
the PAS stain and either colloidal iron or alcian blue is 
an acidic mucus. This material is then a hexose with 
either a carboxyl or sulfate group, or both, attached.
A specific test for sulfate was not run since that



Fig* 8. Mytella guyanensis 
x53 CI-PAS
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involves metachromasia and staining at low pH levels with
results that are not entirely unequivocal. Instead, the '
direct approach of testing for the incorporation of radio*
active sulfur into the mucus was employed, administered in

35the form of HagS O4. Only one species was used, namely 
Lithophaaa attenuata. By the use of autoradiography on 
the finished slides, it was revealed unequivocally that 
there was much radioactivity at the exact locations along 
the mantle that are colored blue or magenta by alcian blue 
or PAS o I conclude from this that the mucus is sulfated.

Fig. 9 is an example of mantle tissue of Modiolus 
demissus stained with alcian blue"hematoxylin. In this 
case one can see that the hematoxylin has stained the 
nuclei of the epithelial layer while the alcian blue has 
stained the subepithelial mucus a light blue cblor. Mantle 
tissue of the same clam in Fig, 10 is stained by the per
iodic acid-Schiff •reaction. Here one can see the magenta • 
stain of the same mucus. If this same slide had also been 
stained AB-PAS, one would expect the mucus to have a deeper 
purple color, somewhat similar to Fig, 8.

The mantle tissue-, of Ado la faleata stained AB-PAS 
is shown in Fig. 11. In this case, the PAS staining was 
very weak and therefore the alcian blue predominated and 
gave a'generally blue colors rather than purple. Con
centrated mucus can be seen at the distal end of the lobe



Fig. 9. Modiolus demissus 
xl55 AB-H
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Fig. 10. Modiolus demissus 
xl27 PAS
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Fig. 11. Adula falcata 
x53 AB-PAS 
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while diffused mucus cam be seen subepithelially9 starting 
from the tip of the inner lobe and working prosdlmally. 
Colloidal iron-hematoxylin stain very clearly different
iates mucus from the cell nuclei. This can be seen in 
Fig, 12, which is Crassostre.a gigas mantle tissue. The 
actual slide shows this mucus to be a deep blue although 
in this photograph it appears to be black. Figs. 13, 14, 
and 15 show the appearance of mucus of the mantle of the 
same bivalve, Bosimia ponderosaa when stained with colloid” 
al iron^hematoxylin, aleian blue-hematoxylin, and aleian . 
blue-periodic.acid-Schiff, respectively. In comparing 
Figs. 13 and 14 it can be seen that the color of the mucus 
is more Prussian blue with the colloidal iron and a tur
quoise color with the alefan blue. It also appears that 
the mucus in the colloidal iron test had a greater affin
ity for colloidal iron than hematoxylin while in the 
aleian 'blue-hematoxylin test the aleian blue had a lesser 
affinity for some of the mucus and therefore allowed the 
hematoxylin to predominate in the color reaction. The 
lavender color is the result of hematoxylin staining acidic 
molecules, most likely acidic mucopolysaccharides. In 
Fig. 13 the reaction appears as though the colloidal iron 
has been taken up by all the acidic, sites available and 
therefore left none for the'hematoxylin. Figs, 14 and 15 
are both aleian blue; however, one has hematoxylin as a
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Fig. 12 . Crassostrea gigas 
xl08 CI-H 



Fig. 13. Dosinia Eonderosa 
xll4 CI-H 
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Fig. 14 . Dosinia ponderosa 
xl35 AB-H 
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Fig . 15 . Dosinia ponderosa 
xl35 AB-PAS 



counterstain while the other has PAS. The alcian blue is 
the same turquoise'color in both cases; however, it appears 
that the mucus had a slightly higher affinity for alcian 
blue than it did for hematoxylin because in the AB-PAS 
stain more of the total area is colored by blue. By 
comparing these last, three colored photographs with Figs. 
16, 17, and 18 one may be able to get a rough idea of the 
monochrome appearance of these different color reactions.

In all the photographs the mucus shows up as the 
very dark or black deposits in the mantle edges. In the 
slides these were colored deep blue, light blue, or purple 
depending upon the relative amount of alcian blue or col
loidal iron and PAS stain.

Some of the mantle tissues shown do have PAS 
positive material which is not colored by alcian blue or 
colloidal iron. This material, which is colored magenta, 
is probably glycogen and shows up in the monochrome photo
graphs as light grey. The mantle tissue of Brachidontes 
(Fig. 21) is a good example of this.

Fig. 19 is a color photograph of the above tissue 
and very clearly shows the light magenta color in the 
central portion of the mantle. The blue spots along the 
mantle edge are not epithelial mucus cells but are nuclei 
which have been stained by alcian blue. There is no mucus 
to be seen anywhere in this photograph.



Fig. 16, Dosinia oonderosa 
x231 CI-H
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Fig. 17. Dosinia ponderosa 
x272 AB-H
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Fig. 18. Dosinia ponderosa 
x272 AB-PAS
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Fig. 19 . Brachidontes ~· 
x202 AB-PAS 



CHAPTER 5

LOCATION AND AMOUNT OF MUCUS IN RELATION TO HABITAT

The results showing the location and amount of 
mucus are given in a series of photomicrographs of the 
mantle edge of each clam.

Rev to the Abbreviations in the Figures
The orientation is identical in every case - The 

shell side of the mantle is on the left. The ventral 
edge of the mantle and shell edge is at the top. The 
lobes precede clockwise from the top left as the outer, 
middle, and inner. The inner side of the pallial cavity 
is proximal to the tip of the inner lobe at the lower 
right of each photograph.

The numbering of the mucus locations is consistent 
throughout. The numbers 1, 7, and 13 always represent the 
tips of the outers middle, and inner lobes respectively. 
From this point on there is variation in the balance of 
the mantle structure so there may not be complete equi
valence of position.

38
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In every species cited below, the following stains 

were used. Any exceptions or deviations will be noted in 
the individual description.

1. Periodic acid-Schi££, (PAS).
2. Alcian blue, (AB).
3. Colloidal iron, (Cl).
4. Hematoxylin, (H).

In each case the appropriate stain reaction is 
indicated by its abbreviation and given as either light 
or dark, abbreviated L or D. The numbers opposite stain 
codes on the legend sheet correspond to the numbers in 
the sketch of the mantle. Note that the sketch is orient
ed in such a way that if corresponds to the photograph 
turned 90 degrees. Because of the great variability of 
the anatomy of the mantle edge, no absolutely uniform 
method for giving the locations can be used. In all 
cases reference is made to the sketch and photograph 
of the mantle under consideration.

The family, the genus and species, location of 
collection and precise habitat, date of collection, and 
the fixative used will be given uniformly, in the above 
order.
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 ̂The abbreviations for the mucus locations are 

listed below.

S • Subepithelial.
E. Epithelial.
D. Dark.
L. Light.
H. Numerous.
F. Few.

A minus sign opposite a number indicates that 
the stain in question did not show up at that location.
3M indicates that no tissue was available for those 
specific numbers and therefore it is not known whether 
there would have been a stain reaction.

Epithelial mucus (E) means that there is a small 
amount of mucus exclusively in an epithelial cell. It is 
small and is restricted to a portion of the cytoplasm.
The nucleus is usually visible. Subepithelial means there 
is so much mucus that its mass appears at a lower level 
than the epithelial layer. This designation does not 
suggest that the mucus is subepithelial in origin.

i Dark (D) and light (L) refer to the amount of 
stain which the mucus is able to bind. There was some
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. light PASj ABS Cl9 and H staining but the criteria used 
for mucus was dark PAS, dark or light AB, dark or light 
Cls and dark or light H. The reason for this is that 
most of the tissue stained light PAS and if mucus was hot 
verified by AB and/or Cl it would indicate a general PAS 
reaction and not mucus. Any substance which stained PAS 
and either AB or Cl was considered mucus. The hematoxylin 
(H) verified the AB or Cl but there was no consistency in 
light or dark. This lack of consistency is probably a 
function of the fixative. Any H positivity helped to 
verify an acidic mucus but the lack of it in the presence 
of AB or Cl does not negate the acidity of the mucus. The 
combination stain AB-FAS always makes a deep blue or purple 
out of what would have been magenta with PAS alone or light 
blue with AB alone.

The monochrome photographs were made from the 
slides stained in AB-PAS and the mucus is always the deep 
black substance in the pictures. PAS alone is a light 
grey. Compare Figs. 21 and 19. Fig. 25 shows the gland 
in Lithophaga near the periostracum which stains only with 
PAS. Compare this with the dark staining spots on the 
edge of the inner lobe starting from position 7. Fig. 29, 
position 10, shows epithelial as dense and numerous (EDN)
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and M S  staining which shows up as grey in the photograph. 
The absence of PAS stain in'the presence of either AB or 
Cl does not negate the presence of mucus because AB is 
specific for mucus. The negative PAS reaction here is 
possibly caused by a long sojourn in formalin which is 
supposed to suppress PAS staining (Pearse, 1960), Fig. 34 
has mucus which is subepithelial and epithelial in the 
same area. This is designated, SE-H-$ followed by L (light) 
or $ (numerous). Positions 13 through 16 show this condi
tion. The monochrome does not show whether AB is light 
or dark because the photographic paper is equally sensitive 
to all blue light. Thus, D and L were determined by exami
nation of the actual slides. Positions 6, 7, and 8 in 
Fig, 34 show the necessity for the characteristic 1 
(numerous) and F (few). Positions 8, 9S and 10 in Fig. 33 
are good examples of subepithelial, dense, and numerous. 
Fig. 27 shows a preparation in which there are few mucus 
cells anywhere.

Schemes of Bivalve Classification 
It is well known that mucus, coupled with ciliary 

action, aids in the rejection of sediment that inadvert
ently gets into the mantle chamber. If this be true, one 
would expect bivalves that live in predominantly murky
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and sedimnt •»£i 1 led water to have a larger area of the 
mantle devoted to mucus glands than the forms that live in 
clean water environments.

In the pastg two methods of classifying bivalve 
mollusks have predominated the literature <, Pelseneer 
(1906) based his classification scheme on the structure of 
the gills, Thiele (1935) and Minekworth (1932) have used 
the structure of the hinge as a-basis'for classification. 
Both these methods have their weaknesses in that there is 
little relation to the animal living in its habitat,
Morton (1958) recognized these shortcomings and attempted 
to reestablish Douvilld’s classification (Bouville, 1912).

Bouvillees classification as described by Morton 
is based on the widely different modes of life in which 
we find modern bivalves. He divided the bivalves into 
three groups, the "sessile branch", the "normal branch", 
and the "deep^burrowing branch". Since mucus production 
is an adaptive character, one which is the fastest to 
modify itself .in an evolutionary sense, I thought it 
would be interesting to determine what the relationship 
was between mucus production and mode of life according 
to Douville*s classification..

The members of Douville6s "sessile branch" which 
were examined in this study are the following species 
listed with their respective families, superfamilies and 
orders8 and the Mucus Index, this appears as Table 1.



Table 1. Clams belonging to the “Sessile Branch" of Douville'

Name
Pecten sp.
Lima pacific a 
Brachidontes sp. 
An®nia adsmas 
Osfrea palmula 
Pododesmus sp. 
Lithophaga plumule
Modiolus demissus 
Gregariella coarctata 
Adola falcate 
Mytilus califomianus 
Modiolus capax 
Crassostrea gigas 
Mytella guyanensis 
Barbatie lurida 
Cardita affinis

Figure Mucus
Number Habitat Index

S« 020 SW 021 POC 022 POG 25
23 POC 66
24 POC 75
25 POC 81
26 POC . 93
27 m 99
28 POC 154
29 POC 67130 oc 671
31 BE 1180
32 BE 1206
33 BE 167734 POC 3480
35 POC 5689

Pectinidae
Limidae
Mytilidae
Anomiidae
Ostreidae
Anomiidae
Mytilidae
Xsognomonidae
Mytilidae
Mytilidae
Mytilidae
Mytilidae
Mytilidae
Ostreidae
Mytilidae
Arcidae
Carditidae

Peetinacea
Pectinacea
Mytilacea
Anomiacea
Ostracea
Anomiacea
Mytilacea
Pteriacea
Mytilacea
Mytilacea
Mytilacea
Mytilacea
Mytilacea
Ostracea
Mytilacea
Arcacea
Carditacea

Order
Anisomyaria
Anisomyaria
AniscMyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Anisomyaria
Taxodonfca
Heterodonta'

SEp SwiEEgaiag. .
POGg Protected outer coast. 
OCj Outer coast. .
BE, Bay and estuary.

1. Ricketts and Galvin 9 1952.
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The above group8 which is Douville,8s “sessile 

branch”s has a Mucus Index range of zero fco 5689. The 
latter is the next to the largest Mucus Index figure.
The genera which have a relatively small Mucus Index are 
Pec ten, Lima, Anemia 9 Qstrea paltaula, Pododesmus 9 Brachi- 
dontes, Lithophaga, Isognomon9 Modiolus dealssus, Adulan 
Gregariella coarc tata 9 and Mvtilus c.alifornianus (Figs«
20$ 22, 23, 24, 21, .25, 26, 27, 29, 28, and 30),

Lima and Pecten, the swimaing clams, can move 
around by rapidly shutting their valves which forces water 
out of the ventral gape and/or the posterior inhalant 
siphon. This action moves the clam in a jet-propelled 
fashion. Neither Lima pacifica nor Pecten sp. has any 
mucus to speak of in the mantle tissue. Lima lives among 
rocks' in the same situation as Barbatia. The water is 
normally clean but if can be stirred up. Probably the 
swimming action of the clam rids itself of the sediment 
and thus no mucus is necessary.

Pecten lives on a sandy bottom and can be sub
jected to a great deal of silt if there is wave action.
It too has no mucus glands, probably because it normally 
moves by swimming action and thus automatically eliminates 
the silt and does not need to rely upon the ciliary 
rejection currents.



Fig. 20. Lima pacifica Orbigny, 1846
Family: LIMIDAE
Puerto Penasco, Sonora, Mexico
In small protected tidepool near Pelican Point
November 17, 1967
Fixative: Cyanuric chloride

1. EOF 1
2. - - - -
3 . - - - •
4.
6. - * - -
8, - - - -
9. EDF 1 EDF 1 EDF 1

PAS AB Cl H

1. Very scarce.
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Fig. 20. Lima pacifica Orbigny, 1846 
x28



Fig. 21. Brachidontes sp.
Family: MYTILIDAE
Puerto Penasco, Sonora, Mexico
Attached to the upper surface of rocks on south side of 

Pelican Point 
November 17, 1967 
Fixative: Cyanuric chloride

lo,

2o

PAS AB Cl H
1. NA NA NA NA
2. NA NA NA NA
3. NA NA NA NA
4. NA NA - -
5. - - -
6. - - - -
7. - - - -
3 • - - - -
9. - - - -
10. - - - -
11. - - - -
12. - - - SDF
13. - - - SDF
14. - - SDF
15. - - - -
16. - - - EDF
17. - - - EDN
18. SDN - SDN -
19. SDN - SDN -
20. - - - -



Fig_. _ 21. Br_ach i dont e s ~. 

x366 
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Fig. 22. Anomia adamas Gray, 1849
Family: ANOKtlDAE
Choila Bay, Sonora, Mexico
Attached to rocks near shore Fixative: Lead subacetate

PAS AB Cl H
1. * _

2. - - • -
3. - - - -
4. - - - SDF
5. - - - -
6. - SDF - -
7. SLF SDF SDF SDF
8. SLF 1 SDF 1 - SDF
9. SLF SDF • -
10. SLF SDF - -
11. - - - -
12. - SDF - -
13. - - - -
14. • - - -
15. SLF EDN - -
16. - EDN - •
17. - - - -
18. - - - -

1. Area of greatest concentration.



Fig. 22. Anomia adamas Gray, 1849 
xlll 
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Fig. 23. Qstrea palmula Carpenter. 1836
Family: OSTREIDAE
Puerto Penasco, Sonora. Mexico
Attached by a shell valve to the underside of rocks near 

Pelican Point 
November 17, 1967 
Fixative: Cyanuric chloride

PAS AB Cl H
1. SDN
2. SDN - - •
3. SDN - - -
4. - - - -
5. - - - -
6. - SDN 1 SDN 1 SDN 1
7. SDN 1 SDF 1 SDF 1 SDF 1
8. SDN 1 SDN 1 SDN 1 SDN 1
9. SDN 1 SDN 1 SDN 1 SDN 1
10. SDF SDF SDF SDF
11. SLF SDF SDF SDF
12. - - - •
13. - - - -
14. - - - -
15. - - - -
16. - - - -

1. Area of greatest concentration.
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Fig. 24. Pododesmus sp.
Family: ANOMIIDAE
Bodega Bay, California
Attached to a protected rock surface on the jetty 
Fixative: Picric acid, acetic acid, formalin, and

alcohol

lo

PAS AB Cl H
1. EDN 1 SDF2. SDF SEDN EDN EDF
3. SDF SEDN EDN -
4. - - - -
5. SDF EDN - -
6. SDF - ELF EDF
7. - - - •
8. - SDF - -
9. • • • -
10. - - - -
11. - - - -
12. - - - -
13. - ~ - -
14. - • - -
15. - • - -
16. - - - EDF
17. EDF • - EDF
18. - - - -

1. Area of greatest concentration.



Fig. 24. Pododesmus 2£· 
xlll 
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Fig. 25. Lithophaga plumula (Hanley) 1843
Family: MYTILIDAE
Laguna Beach, California 
In sandstone
Fixative: 10% Formalin in 2% calcium acetate,decalcified in formic acid

io

PAS AB Cl H
1. _ _ •
2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. - - - -
7. SLN SDN SDN SLN
8 . - - - -
9. - - - -
10. - - - -
11. SDF SDF SDF SLF
12. SDF SDF SDF SLF
13. - - - -
14. SDF SLF SLF SLF
15. SDF SLF SLF SLF
16. EDN EDN EDN EDN
17. EDN EDN EDN EDN
18. EDF - EDF -
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,

Fig- 25. Lithophaga plumula (Hanley) 1843 
x73



Fig. 26. Isognomon chemnitzianus (Orbigny, 1853)
Family: ISOGNOMONIDAE
Puerto Penasco, Sonora, Mexico
In crevices between rocks in semi-exposed situation near 

Pelican Point 
November 17, 1967 
Fixative: Cyanuric chloride

lo

PAS AB Cl H
1. SLF
2. SLF - - -
3. SLF - - -
4. SLF - - -
5. - - - -
6. - - - -
7. SDN 1 SLN 1 - SLN 18. SDN 1 SLN 1 - SLN 1
9. SDN 1 SLN 1 • SLN 1
10. SDN SLN - SLN
11. SDN SLN - SLN
12. • - - -
13. - - -
14. - - - -
15. - - • •

1. Area of greatest concentration.
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v

Fig. 26. Isognomon chemnitzianus (Orbigny, 1853) 
x284



Fig. 27. Modiolus demissus 
Family: MYTILIDAE
Bay Farm Island, Alameda, California 
In marsh grass 
December 27, 1963Fixative: Acetic acid, alcohol, and formalin

IO

PAS AB Cl
1. * • • •
2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. • - - -
7. - - • -
8. SDF SDF SDF -
9. SDF SDF SDF -
10. SDF SDF - -
11. SDF SDF - -
12. SDF SDF - -
13. SDF SDF - -
14. SDF SDF - •
15. SDF SDF - -
16. SDF SDF - -



Fig. 27. Modiolus demissus 
x94



Fig. 28. Greflariella coarctata (Carpenter) 1856
Family: MYTILIDAE
Norse Beach, Sonora, Mexico
Imbedded in sandstone conglomerate rock
October 3, 1964
Fixative: Lead subacetate

PAS AB Cl H
1. • _ •

2. - - - -
3. - - - -
4. - - - -
5. - - • -
6. - - SDF -
7. - - - -
8. SLN SDN - SLN
9. SLN SDN — SLN
10. SDN 1 SDN 1 SLF 2 -
11. - - - -
12. SLF 3 SLF 3 - SLF
13. SLF SLF - SLF
14. SLF SLF - NA
15. SDF SLF - NA
16. SDF SLF - NA
17. - - NA •

1. Glandular area.2. Diffuse granular material in gland area.
3. Area of greatest concentration.
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Fig. 28. Gregariella coarctata (Carpenter) 1856 
x91



Fig, 29. Adula falcata (Gould) 1851
Family: MYTILIDAE
Pacific Grove, California 
Imbedded in sandstone conglomerate
Fixative: 10% Formalin, decalcified in 5% formic acid

PAS AB CI H
1. _ •
2. - - - •
3. - - - -
4. - - - -
5. - - - -
6. - - - -
7. - - - -
8. - SLN 1 SLN 1 SLN
9. - SLN 1 SLN 1 SLN
10. EDN - - -
11. - SLF - -
12. - SLF - -
13. - SDN SDN SDN
14. - SDN SDN SDN
15. - SDN fee SDN SDN
16. - SDN SDN SDN
17. - SDN SDN SDN
18. - SDN SDN SDN
19. - SDN - EDN

1. Area of greatest concentration.
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Fig. 29. Adula falcata (Gould) 1851 
x!15



Fig. 30. Mvtilus califomianus Conrad 1837
Family: MYTILIDAE
Pacific Grove, California
Attached to rocks on outer exposed coast
December 27, 1963
Fixative: Lead nitrate, formalin, and alcohol

17

PAS AB Cl H
1. • . •
2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. - - - -
7. SDN SDN SDN -
8. SDN SDN SDN -
9. SDN 3 SDN 3 SDN 3 SLN 3
10. SDN 3 SDN 3 SDN 3 SLN 3
11. SDN 3 SDN 3 SDN 3 SLN 3
12. - - - -
13. - - - -
14. SDN SDN SDN SDN
15. SDN SDN SDN SDN
16. SDN 1 SDN 1 SDN 1 SDN 1
17. EDN EDN EDN EDN
18. SDN 2 SIN 2 SDN 2 •
19. SDN 2 SLN 2 SDN 2 -

1. Local concentration of mucus in area of cilia tracts.
2. Throughout all of mantle, evenly distributed.
3. Area of greatest concentration.



Fig . 3 . Mytilus californianus Conrad 1837 
x87 
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The balance of the above species (Figs. 31, 32$ 33$ 
34$ and 35) are normally found in habitats which are rela
tively free of silt during normal wav© action. These 
animals are attached to rocks in protected outer coast 
situations where^the substratum is rock9 thus relatively 
subdued wave action would not stir up much sediment. 1 
propose that the lack of silt in the POC environment is 
the reason there is relatively little mucus in the mantle 
tissue. My division between what 1 considered to be lots 
of mucus and a little is arbitrary. 1 could just as well 
have included the last two forms $ Adula falcate and Mvtilus 
califomianus» in the group 1 considered to have a lot of 
mucus. Adula is in a POC situation .and Mvtilus is in an 
open coast habitat. Perhaps the reason Mvtilus has more 
mucus than those that come from POC is that in the outer 
coast there is nothing to modify the wave action and when 
there is a storm there could quite conceivably be much 
silt produced even from far out to sea. I can give no 
reason for the fact that Adula has the same Mucus Index 
as Mvtilus except that possibly the protected outer coast 
.designation is not accurate. Perhaps if there were more 
collecting data it would show that Adula is found more in 
an open coast situation or at least in places where there 
could be more silt generated during storms.
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The five clams included in the "sessile branch" 

but which have the largest Mucus Index are Modiolus capasc* 
Crassosfrea gigass Mytella guyanensis« Barbatia lurida. 
and Cardita affinis (Figs. 31, 32, 33, 34, and 35).

I believe the reasons for the large amount of 
mucus here are exactly the same as for the lack of it in 
the first group above. The first three bivalves listed 
are found in a Bay and Estuary environment and the last 
two. in a Protected Outer Coast environment. Modiolus capax 
and Mytella guyanensis are found half buried in sand or 
mud. Grassostree glass is usually found attached to stones 
at the bottom of muddy or sandy, gravelly bays. Cardita 
and Barbatia are both found in the protected outer coast. 
Barbatia is attached to the under side of rocks in tide 
pools, the bottoms of which are almost always sandy or 
muddy. Cardita is partially buried in sand or gravel, 
wedged in between rocks where wave action would certainly 
stir up some sediment. Another important factor in the 
use of mucus to remove sediment is that all the "sessile18 
'forms listed above In Table 1 have open mantles so that 
when the clams are gaping normally there is ample open 
space for the ingress of silt,

Bouville Ss "normal branch" includes all those 
clams that burrow superficially or lie at the surface.
This group has arisen in the later Mesozoic, Tertiary,



Fig. 31. Modiolus capax (Conrad) 1837
Family: MYTILIDAE
Puerto Penasco, Sonora, Mexico
Half buried under sand at the base of a rock on the Choila 
Bay side of Pelican Point 

Fixative: 70% Ethanol

PAS AB Cl  H
1. SLN SDN SLN 2 SDN
2. - - - -
3. • - - -
4. - - - -
5. - - - -
6. - - - -
7. • • • -
8. SLN 1 SDN 1 SDN 1 SLN 1
9. SLN 1 SDN 1 SDN 1 SLN 1
10. SLN 1 SDN 1 SDN 1 SLN 1
11. SLN SDN SDN SLN
12. SLN SDN SDN SLN
13. SLN SDN SDN SLN
14. - - - -
15. - - - -
16. SLN EDN EDN EDN

1. Area of greatest concentration.
2. Almost overshadowed by Hematoxylin.
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Fig. 31. Modiolus capax (Conrad) 1837 
x73



Fig. 32. Crassostrea gigas
Family: OSTREIDAE
Tomales Bay, California 
In a commercial oyster farm
Fixative: Picric acid, acetic acid, and formalin

lo I i.

PAS AB Cl H
1. SLD SLN SDN
2. • SLN SDN -
3. - SLN SDN -
4. - - - -
5. - - - -
6. - — — -
7. SDN 1 SDN 1 SDN 1 SDLF8. SDN 1 SDN 1 SDN 1 SDN 2
9. SDN 1 SDN 1 SDN 1 SDN 2
10. - SDF SDF SDF 2
11. - - - -
12. SDF SDF SDF -
13. SDF SDF SDF «*
14. SELF SEDF SEDF SELF
15. ELN EDN EDN ELN
16. ELN EDN EDN EDN

1. Area of greatest concentration.
2. Strong Hematoxylin reaction.
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Fig. 32. Crassostrea gigas 
x!08



Fig, 33. Mvtella guyanensis (Lamarck) 1819
Family: MYTILIDAE
Puerto Penasco, Sonora, Mexico
In marsh grass in Cholla Bay
October 3, 1964
Fixative: Lead subacetate

to

PAS AB Cl H
1. _ • •
2. - - -
3. - - - -
4. - - - -
5. • - - -
6. - • - •
7. SDF SDF - SLF
8. SDN 1 SDN 1 SDN 1 SLN 1
9. SDN 1 SDN 1 SDN 1 SLN 1
10. SDN 1 SDN 1 SDN 1 SLN 1
11. SDF SDF - -
12. SDF SDF SDF SLF
13. SDF SDF SDF SLF
14. SDF SDF SDF SLF
15. SDF SDF SDF SLF
16. EDN EDN EDF ELF
17. EDN EDN EDF ELF

1. Area of greatest concentration
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Fig. 33. Mytella guyanensis (Lamarck) 1819 
x87



Fig. 34. Barbatia lurida (Sowerby, 1833)
Family: ARCIDAE
Puerto Penasco, Sonora, Mexico
Attached to underside of rocks on south side of Pelican 

Point
Fixative: 10% Formalin in sea water

i

<o

PAS AB Cl H
1. SDN SDN SDN SDN
2. SDN SDN SDF SDF
3. SDF - - •
4. SDF - - -
5. SDN SDF SDF SDF
6. SDN SDF SDF SDF
7. SDF SDF SDF SDF
8. SLF - SDF SDF
9. - SDF SDF SDF
10. - SDF SDF SDF
11. SLF SDF SDF SDF
12. SLD SDN SDN SDN
13. SELD SEDN SEDN SEDN
14. SELD SEDN SEDN SEDN
15. SELD SEDN SEDN SEDN
16. SELN SEDN SEDN SEDN
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Fig. 34. Barbatia lurida (Sowerby, 1833) 
x43



Pig. 35. Cardita affinis Sowerby* 1833
Family: CARDITIDAE
Puerto Penasco, Sonora, Mexico
In protected crevices between rocks near Pelican Point
November 17, 1967
Fixative: Cyanuric chloride

PAS AB Cl H
1. -

2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. - - - -
7. - - - -
8. SDN SDN - SDN
9. SDN SDN • SDN
10. - SDF - -
11. - SDF - SDF
12. - - - -
13. - - - -
14. - SDF SDF SDF
15. SDN SDN SDN SDN
16. SDN 1 SDN 1 SDN 1 SDN 1
17. NA NA NA NA
18. - - - -
19. - - - -

1. Area of greatest concentration.



63

Fig. 3 5 . Cardita affinis Sowerby, 1833 
x7 3



64
and Recent times? more.recently than the "sessile branch". 
The group has some "sessile" and some."deep-burrowers" but 
are not as highly specialized as the members of those 
specific groups of Douville. The cockles ''and venus shells 
are examples of the "normal branch". Table 2 lists Figs. 
36, 37g 38g 39) 40» 41, 42, 43# 44, 45, and 46 which rep
resent the clams I studied from this group.- These forms 
are from the superfamilies Cardiacea, Veneracea, and 
Tellinacea, all from the order Heterodonta. All the above 
superfamilies are suspension feeders except the Tellinacea 
which is here represented by Macoma nasuta (Fig. 37) and 
is a deposit feeder. There will be more about this mode of 
feeding later.

In Table 2 9 the range of the Mucus Index for the 
"normal branch" is large and it overlaps the range of 
the "sessile" group. The only significance that I can 
attach to the fact that the index numbers are larger than 
in the "sessile” group is that the "normal" group of 
Douville is composed of all the clams that burrow shallow
ly in sand#■gravel# or mud. These clams all have open 
pedal gapes and it is a natural consequence that mud and 
silt will filter into the mantle cavity while the animal 
is feeding normally and thus gaping. I feel that the low 
position of Macoma is.significant because Macoma is a 
deposit.feeder# as are all the Tellinacea, In this mode



Table 2. Clams belonging to the "formal Branch” of Douville.

Hame
Figure
lumber

Mucus
Index

Macoma, nasuta 
Chione eorteai

multicostata 39
Frotothaca metodon 40
Frofcothaca grata 41
Frotothaca tumida 42
Clinocardium nufetallii 43
Fetricola denticulata 44
Laevicardium elafcum 45
Dosinia ponderosa 46

BESF
BEMF

BE
BE
BE
BE

POC
BESF
BESF

Family
Veneridae
Tellinidae
Veneridae
Veneridae
Veneridae
Veneridae
Veneridae
Cardiidae
Fetricolidae
Cardiidae
Veneridae

Veneracea
Tellinacea
Veneracea
Veneracea
Veneracea
Veneracea
Veneracea
Cardiacea
Veneracea
Cardiacea
Veneracea

Order
Heterodonfca
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta
Heterodonta

BESF9 Bay and estuary sand flats, 
BEMFs Bay and estuary mud flats. 
BE s Bay and estuary.
FOG s Protected outer coast.



Fig. 36. Megapitaria squalida (Sowerby, 1835)
Family: VENERIDAE
Kino Bay, Sonora, Mexico 
On sandy bottom in protected bay 
Fixative: Cyanuric chloride

PAS AB Cl H
1. _ ■

2. - - - -
3. - - - -
4. - - - -
5. SDF SDF SDF SDF
6. SDF SDF SDF SDF
7. - - - -
8. SDN SDN SDN SDN
9. SDF SDF SDF SDF
10. SDN 1 SDN 1 SDN 1 SDN 1
11. SDN SDN SDF SDF
12. SDF SDF SDF SDF
13. - SDF - SDF
14. *» - - -
15. SDLN SDN SDN SDN
16. SDF SDF SDF SDF
17. SLF SLF SLF SLF
18. SLF SLF SLF SLF
19. SLN SDLN SDLN SDLN

1. Area of greatest concentration.



Fig. 36. Megapitarla squalida (Sowerby, 1835) 
x64



Fig* 37. Macoma nasuta
Family: TELLINIDAE
San Francisco Bay, California
In soft, protected mud
Fixative: Picric acid, acetic acid, formalin and alcohol

I 3

PAS AB Cl H
1* _ *
2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. SDF - - -
7. • - - -
8 • - - - -
9. - - - -
10. - - - -
11. • - - -
12. - - - -
13. - • - -
14. SEDN SEDN SEDN SEDN
15. SDN SDN SDN SDN
16. SDF SDF SDF SDF
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Fig. 37. Macoma nasuta 
x!03



Fig. 38. Chione cortezi (Carpenter, 1864, ex
Sloat MS)

Family: VENERIDAE
Choila Bay, Sonora, Mexico
In the upper channels
Fixative: Acetic acid, alcohol, and formalin

PAS AB Cl H
1. • —
2. - - - -
3. - - - •
4. - - - -
5. • - - -
6. SDN SDN SLN SDF
7. SDN SDN SLN -
8. SDN SDN SLN SDN
9. SDN SDN SLN SDN
10. - - - •
11. SDF SDF SLF SLF
12. - - - •
13. - - - -
14. SLN SDN SLN SLN
15. SLN SDN SLN SLN
16. SLN SDN SLN SLN
17. ELF ELF - EDF
18. ELF ELF - EDF
19. EDN ELF - EDN
20. SDN SDN SLN -
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Fig„ 38. Chione cortezi (Carpenter, 1864, ex Sloat MS) 
x!29



Fig. 39. Periglypta mu1ticostata (Sowerby, 1835)
Family: VENERIDAE
Puerto Penasco, Sonora, Mexico
In sandy gravel on Pelican Point
November 17, 1967
Fixative: Cyanuric chloride

i o

PAS AB Cl H
1. •
2. - - - -
3. - - - -
4. - - • -
5. SLN SDN SLN SLN
6. SLN SDN SLN SLN
7. - - - -
8. SLN SDN SLN SLN
9. SLN 1 SDN SLN SLN
10. SLN SDN SLN SLN
11. SLF SDF SLF SLF
12. SLF SDF SLF SLF
13. - - - SDF
14. • • - -
15. SLDN1 SLDN SLN SLN
16. SLDN1 SLDN SLN SLN
17. ELF EDF ELF EDF
18. ELF EDF ELF EDF
19. ELF EDN SLN SLN

1. Area of greatest concentration.
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Fig. 39. Periglypta multicostata (Sowerby, 1835) 
x97



Fig. 40. Protothaca metodon (Pilsbry and Lowe, 1932)
Family: VENERIDAE
Choila Bay, Sonora, Mexico 
In the upper channels 
October 3, 1964Fixative: Acetic acid, alcohol, and formalin

PAS AB Cl H
1. • _
2. - - - -
3. - - - -
4. - - - -
5. SDN SDN SDN SLN
6. SDN SDN SDN SLN
7. - - - -
8. SDN SDN SDN SLN
9. SDF SDF SDF SLF
10. SDF SDF SDF SLF
11. SDF SDF SDF SLF
12. • - - -
13. SDF SDF SDF SLF
14. - • - -
15. SDN SDN SDN SLN
16. SDN 1 SDN SDN SLN
17. ELF ESLF - ESLF

1. Area of greatest concentration.
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Fig. 40. Protothaca metodon (Pilsbry and Lowe, 1932) 
x98



Fig. 41. Protothaca grata (Say, 1831)
Family: VENERIDAE
Puerto Penasco, Sonora, Mexico
In the gravel at the base of rocks near Pelican Point
November 17, 1967
Fixative: Cyanuric chloride

PAS AB Cl H
1. •
2. - - - ~
3. • - - -
4. - • - -
5. SDF SDF SLF SLN
6. SDN SDN SLN SLN
7. SDF SDF SLF SLF
8. SDN SDN SLN SLN
9. SDF SDF SLF SLN
10. - - - -
11. SLF SDF SDF SLF
12. SLF SDF SDF SLF
13. SLF SDF SDF SLF
14. • — SL 2 -
15. SDLN1 SDLN SDLN SDN
16. SDLN1 SDLN SDLN SDN
17. SDLF SLF SLF SDF
18. SDLN SDN SDN SDN

1. Area of greatest concentration.
2. Spread out, granular, not in clumps.



Fig. 41. Protothaca grata (Say, 1831) 
x!08



Fig» 42. Protothaca tumida (Sowerby, 1853)
Family: VENERIDAE
Puerto Penasco, Sonora, Mexico
In the gravel at the base of rocks near Pelican Point
November 17, 1967
Fixative: Cyanuric chloride

PAS AB Cl H
1. ■

2. - - - -
3. - - - -
4. - - • -
5. SDN SDN SLN SLN
6. SDN SDN SLN SLN
7. SDN SDN SLN SLF
8. SDN SDN SLN SLN
9. SDN SDN SLN SDN
10. SDF SDF SLF SDF
11. SDF SDF SLF SDF
12. SLF SDF SLF SDF
13. SLF SDF SLF SDF
14. «• • • -
15. SDN 1 SLDN SLDN SLDN
16. SDN 1 SLDN SLDN SLDN
17. SLF - SEDF SDF
18. SELF • SEDF SDF
19. SDN SDF SDF SDF

1. Area of maximum concentration.
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Fig. 42. Protothaca tumida (Sowerby, 1853) 
x71



Fig. 43. Clinocardium nuttallii
Family: CARDIIDAE
Tomales Bay, California 
Hoody, muddy, protected bay 
Fixative: Mercuric chloride in water

PAS AB Cl
1.
2. - - -
3. - - -
4. - -
5. • -
6. - -
7. - - -
8. - - -
9. - •
10. - - -
11. - - -
12. • - -
13. - - •
14. SDF • SLF
15. - SDN SDN
16. SDN - SDN
17. SDF - SDF
18. EDN - EDN
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F ig. 43. Clinocardium nuttallii 
x!67



Fig. 44. Petricola denticulata Sowerby, 1834
Family: PETRICOLIDAE
Puerto Libertad. Sonora, Mexico
Fixative: Acetic acid, alcohol, and formalin

ib

I 5

PAS AB Cl H
1. • *
2. - - - -
3. - - - -
4. - - - -
5. SLF SDF SDF SDF
6. SDF SDF SDF SDF
7. - • - -
8. SDF SDN SDN SDN
9. SDF SDN SDF SDF
10. SDN SDN - •
11. SDF SDN - -
12. SDN SDN - -
13. - SDF - -
14. - - -
15. SDN 1 SDN - SDN
16. SDN 1 SDN - SDN
17. - - - EDN
18. - - - EDN
19. - - - -

1. Area of greatest concentration.
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Fig. 44. Petricola denticulata Sowerby $ 1834 
x92



Fig* 45. Laevicardium elatum (Sowerby, 1833)
Family: CARDIIDAE
Cholla Bay, Sonora, Mexico
On the exposed surface of the sandy bay
Fixative: Lead subacetate

PAS AB Cl H
1. SDN SDN SDN SLN
2. SDF SDF SDF SLF
3. SDF SDF - -
4. SDN SDN SDN SLN
5. SDN SDN SDF SLF
6. - - - •
7. SDF SDF SDF SDF
8. SDN SDN SDN SDN
9. SDN SDN SDN SDN
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Fig. 45. Laevicardium elatum (Sowerby, 1833) 

x42



Fig. 46. Dosinia ponderosa (Gray, 1838)
Family: VENERIDAE
Kino Bay, Sonora, Mexico
On the surface of the sandy bottom of a protected bay 
Fixative: 70% Ethanol

l O

PAS AB Cl H
1. _
2. - - -
3. • - - -
4. - - - -
5. SDF SDF SDF SDF
6. SDF SDF SDF SDF
7. SDF SDF SDF SDF
8. SDN SDN SDN SDN
9. SDN SDN SDN SDN
10. SDF SDF SDF SDF
11. SDN SDN SDN SDN
12. SDN SDN SDN SDN
13. SDF SDF SDF SDF
14. SDF SDF SDF SDF
15. SDN 1 EDN SDN SDN
16. SDN 1 EDN SDN SDN
17. • SDF SDF SDF18. • SDF SDF SDF
19. - SDF SDF SDF
20. SDN SDN SDN SDN

1. Area of greatest concentration.
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of feeding the gape is normally closed while the extensile 
separate inhalant siphon gropes around over the surface of 
the mud picking up bacteria and sedimented detritus.
Silting would naturally be less with this mode of feeding. 

The third group that Douville recognised was the 
so-called ’’deep-’burrowing branch”. This group includes the 
Myacea9 the Pandoracea3 and the Pholadacea, The.Pandora- 
cea is not represented here but the Myacea is represented 
by Mva arenarla, Sphenia fragilis and the Pholadacea by 
Penifella penita. Figures 47 and 48 are examples of 
mantle edge from the Myacea. There is no photograph of 
Penitellai however$ I have examined slides of Penitella 
prepared in the same manner as all the others and there 
is virtually no mucus on the inner edge of the mantle. , 

Table 3 lists the "deep=burrowing” forms that I 
have studied.

It is easier to reconcile the small Mucus Index 
for Mva than the large number for Sphenia. Mya arenaria9 
the soft shelled clam9 is highly adapted-to soft mud liv
ing about eight inches below the surface. It seldom moves 
and is a suspension feeder, When the overlying wafer is 
ealm3 the siphons will terminate at the surface of the mud. 
The gape is closed and all the water that circulates 
through the mantle comes in and goes out through the two 
siphons. If for some reason the water should be stirred



Table 3. Clams belonging to the "Deep-burrowing Branch" of Douville.

Figure Mucus
Maine Humber Habitat Xndeae Family Super family Order

Mya arenaria 47 BEMF 112 Myacidae Myaeea Adapedonta
Sphenia fragilis 48 FOG 1529 Myacidae Myacea Adapedonta

BEMFS. Bay and estuary mud flats.
POC , Protected outer coast.



Fig. 47. Mya arenaria Linne 
Family: MYACIDAE
Duxbury Reef, Marine County, California 
Fixative: Picric acid, acetic acid, and formalin

PAS AB Cl H
1. _
2. - - - -
3. - - - -
4. - - - -
5. - - - -
6. - - - -
7. - - - -
8 • - - - -
9. • - - -
10. - - • -
11. - - • -
12. - • - •
13. - - - -
14. 1 SDN SDN SDN
15. - SDN SDN SDN
16. - SDN SDN SDN
17. - SDN SDN SDN

1. Inconclusive due to general PAS stain.
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Fig. 47. Mya arenaria Linne 
x!35



Fig. 48. Sphenia fragilis Carpenter, 1856
Family: MY ACIDAE 
Puerto Libertad, Sonora, Mexico 
Imbedded in sandstone conglomerate 
Fixative: Lead subacetate

PAS AB Cl H
1. * • * *

2. - - - -
3. - - - -
4. - - - -
5. - - - •
6. NA NA NA NA
7. NA NA NA NA
8. NA NA NA NA
9. NA NA NA NA
10. NA NA NA NA
11. NA NA NA NA
12. NA NA NA NA
13. NA NA NA NA
14. NA NA NA NA
15, SDN SDN SDN SDN
16. SDN SDN SDN SDN
17. SDN SDN SDN SDN
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Fig. 48. Sphenia fragilis Carpenter, 1856 
x!35
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up or becomes unusually silty* the clam will stop pumping 
and withdraw the siphons. In so doing any silt that had 
started down the tube would be forcefully expelled. Thus 
this clam can shut off water circulation before silt ever 
gets into the mantle cavity and he would not have as much 
need for a mucus-ciliary rejection system.-

I have only found one specimen of Sphenia and that 
was buried in rock in a semi-protected bay. This may not 
have been a typical habitat. The specimen was badly pre
served and it is possible that it had started to die before 
preservation3 in which case it might have increased its 
output of mucus. At any rate, the Mucus Index of Sphenia 
is about comparable with Protothaca grata and Mvtella 
guyanensls, both of which come from definitely silty 
conditions.

The entire subclass Protobranchia is composed of 
suspension feeders which lives exclusively in the muddy 
bottom of deep water. They are shallow borrowers and 
ecologically they should be in the “normal branch”. 
Protobranchs can only be obtained by dredging in.fairly 
deep water and- they are not ineluded in this study. 
Reference to the protobranchs comes from Yohge * s monograph 
on the Protobranchiate Molluscs (Yonge, 1939),
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According to Yonge (1939) all the protobranchiate 

mollusca have the three mantle folds on the mantle edge as 
in the more modem forms. The Nuculidae and the Soleno- 
myidae have anterior mucus glands with anterior inhalant 
siphons. The Nuculanidae has mucus in the posterior mantle 
and a posterior inhalant siphon. Yonge reports specific
ally that there are ’’flask shaped mucus glands” in the 
middle fold of Solenomya of the Solenomyidae (Yonge, 1939).

Rejection Tracts in Relation to Mucus Glands
The ciliary rejection tracts in genera of the 

Anomiidae, Ostreidae, Tellinidae, Veneridae, Myacidae, 
Pholadidae, Cardiidae, and Mytilidae were studied in this 
work. In all these clams the ciliary rejection currents 
were found on the mantle surface just proximal to the inner 
lobe. By comparing the sketches of the ciliary tract of 
Mytilidae (Figs. 49, 50, and 51) and Anomiidae (Fig. 52) 
with the photographs of the mantle edge (Figs. 29, 30, 27, 
and 24) it can be seen that there is very little mucus in 
the tract area. Similarly, by comparing Figs. 23 and 32 
with the rejection tract of Crassostrea in Fig. 53, it can 
be seen that some mucus is present. The family Ostreidae 
includes one genus from the clean-water environment (Qstrea 
palmula) and one from the potentially silty environment 
(Crassostrea gigas). Qstrea palmula has very little mucus 
while Crassostrea gigas has a fair amount.
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The bivalves from a potentially dirty water 

situation are from the families Ostreidae, Veneridae, 
Tellinidae„ Cardiidae, Petricolidae$ and Myacidae. Figs. 
53, 54, 55, 56, 57, and 58 show the rejection tracts to be 
near the inner lobe as in the other bivalves but note in 
the photographs of Figs. 32, 36, 46, 38, 39, 41, 40, 42, 
and 37 in each case there is a fair amount of mucus distal 
to these tracts.

There are no well defined ciliary tracts in the 
protobranchia (Yonge, 1939) but it seems reasonable that 
those clams which evolved into the present day mud”-dwellers 
would increase the amount of mucus and at the same time 
develop rejection tracts to more efficiently remove the 
sediment that must enter the mantle cavity. The develop
ment of the ciliary tracts in' those forms that live in 
relatively clear water was just as important because 
there is always some sediment present. The additional 
mucus was not necessary and so it was lost.
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AM
ME

Fig. 49. Adula falcata
AM, Adductor Muscle; UP, Labial Palp; 
CRT, Ciliary Rejection Tract; ME, Mantle 
Edge; PF, Pseudofeces.

\ x
Fig. 50- Mytilus califomianus
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A M

Fig. 51. Modiolus demissus



Fig. 52. Pododesmus sp.
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CRT
PFHE

Fig. 53. Crassostrea Rigas
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Fig. 54. Protothaca staminea

L P--

- A M A M

CRT

ME

Fig. 55. Protothaca tenerrima
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A M

LP

AM
CRT

Fig. 56. Macoma nasuta
AM, Adductor Muscle; LP, Labial Palp; 
CRT, Ciliary Rejection Tract; ME, Mantle 
Edge; PF, Pseudofeces; S, Siphon.



A M

ME

Fig. 57. Clinocardium nuttallii



Fig. 58. Mva arenaria



CHAPTER 6

DISC0SSIOH

The results appear to support the hypothesis that 
the amount of mucus in the mantle tissue of a clam is re-? 
lated to the amount of sand and silt encountered by a clam 
during its normal mode of life. Thus/when all species 
are ranked in order of increasing Mucus Index number 
(Table 4), there seems to be a correlation between Mucus 
Index and habitat.

The list of molluscs can be divided into four main 
groups; (1) swimming clams/ (2) clams attached to rock 
surfaces, (3) shallow-burrowing forms9 and (4) deep- 
burrowing forms. The.swimming clams are members of the 
superfamily Pectinacea. The group that is attached to rock 
surfaces is made up of the Mytilacea, Anomiacea, Osfracea, 
Pteriacea, and Arcacea. The shallow borrowers are composed 
of the Veneracea, Cardiacea, and Carditacea. The deep- 
burrowing group includes the Myacea and Tellinacea.’ The 
swimming group has virtually no mucus in the mantle. The 
attached forms come next in amount of mucus, followed by 
the shallow borrowers which have the most. There is con
siderable overlap in the Mucus Index of these two groups.

«
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Table 4. Comparative classification of Mollusca baaed upon the Mucus Index. 
Douville's 

F~ Tor'l Mucus Class fi-
!E!. R r Index cation Habitat S!:merfamili 

Pecten •r· 0 s sw sw Pectiiiicea 
Lima lac fica 20 28 0 s sw sw Pectinacea 
Brach don tea ap. 21 366 0 s POC RS Mytilacea 
ADomia ad.anws 22 111 25 s POC RS Anomiacea 
Ostrea palmula 23 125 66 s POC RS Ostracea 
Pododeemua •t· 24 111 75 s POC RS Anomiacea 
Litbophaga p umula 25 73 81 s POC RB Mytilacea 
Isocr.:a cbeumitzianus 26 284 93 s POC RS Pteriacea 
MOd olus demissus 27 94 99 s BE MF Mytilacea 
Mya arenaria 47 135 112 DB BE MF Myacea 
Gregariella coarctata 28 91 154 s POC RB Mytilacea 
Megapitaria aqua1ida 36 64 215 R BE SF Veneracea 
Macoma naauta 37 103 512 N BE MF Tellinacea 
Adu1a falcata 29 115 671 s POC RB Myti1aeea 
~tilus ca1ifornianus 30 87 671 s oc RS Mytilacea 

ione cortezi 38 129 1000 N BE SF Veneracea 
Perigl~ta multicostata 39 97 1000 N BE SF Veneracea 
Protot ca metodon 40 98 1122 R BE SF Veneracea 
Modiolus capax 31 73 1180 s BE SF Mytilacea 
Craaaoatrea gigas 32 108 1206 s BE RS Oatracea 
Protothaca grata 41 108 1297 N BE SF Veneracea 
Spbenia fragilis 48 135 1529 DB POC RB Myacea 
Mytella guyanenau 33 87 1677 s BE MF Mytilacea 
Protothaca tumida 42 71 1677 N BE SF Veneracea 
Clioocardium nuttallii 43 167 1806 • BE SF Cardiacea 
Petricola dentieulata 44 92 2322 N POC RB Veneracea 
Laevicardium elatum 45 42 3348 N BE SF Cardiacea 
Barbatia lurida 34 43 3480 s Poe MF Arc ace a 
Cardita affinis 35 73 5689 s POC SF Carditacea 
Dosinia ponderosa 46 32 7934 H BE SF Veneracea 
s, Sessile; DB, Deep-burr~; B, Normal; RS, Rock Surface; RB, Rock• bUrrowing. "' Other abbreviations aa in Tab es 1, 2, and 3. 

(J.) 
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The deep borrowers have more than the swimmers but less 
than the shallow borrowers. These are broad generaliza- 
■ tions which apply to superfamily groups; however9 even 
within superfamilies there is a relationship between mucus 
production and mode of life.

The wide variation in Mucus Index number within 
the Mytilacea and Veneracea demonstrates the highly 
successful adaptations of the superfamilies to differing 
environments. The Mucus Index number is low in Brachi- 
dontes, which is found on upper rock surfaces where there 
is little silt, and is high in Mytella auyanensis, which 
lives three-quarters buried in the soft mud of Salicomia 
fields. The Veneracea have also adapted to habitats which 
vary in the amount of suspended material. At one end of 
the list in Table 4 is Megapitaria squalida, which has a 
relatively low Mucus Index number and lives on the sandy 
bottom of protected bays, while at the other end is Dosinla 
ponderosa„ which has the highest Mucus Index number and 
lives buried in sand or muddy sand in open bays where wave 
action tends to keep more particles suspended in the water.

Sphenia fragilis» a member of the Myacea, is a 
deep-burrowing clam with fused mantle lobes which limit the 
intake of silt and sand. It would be expected to have a 
Mucus Index number close to that of Mya arenaria, but this
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is not the case. It is possible that the single specimen 
of Sphenia had started to die before preservation and this 
might increase its output of mucus, thereby raising the 
Mucus Index number.

Since all of the species examined have open gapes, 
with the exception of Myacea mentioned above, some of the 
differences in Mucus Index might be attributable to dif
ferences in behavior of animals living within the same 
habitat. For example, mud and sand are more likely to 
enter the mantle cavity of the Cardiacea and the Veneracea 
because they migrate and reburrow frequently. As shown in 
Table 4 these forms have a high Mucus Index number.

The forms attached to rock which have a low Mucus 
Index number are Brachidontes and Lithophaga of the Mytil- 
acea, the Anomiacea, Ostrea palmula of the Ostracea, and 
the Pteriacea. These occur in protected outer coast 
habitats where sand and mud are less likely to be stirred 
up. Although the Arcacea and the Carditacea are also at
tached forms of the protected outer coast, they are found 
in potentially silty environments. The Arcacea are attached 
to the under side of rocks in pools whose bottoms most 
often contain mud or sand. The Carditacea are found buried 
in sand wedged between large rocks. Their presence in 
these potentially silty environments would explain their high 
Mucus Index number.
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The next question to ask is why there is a wide 

variation in Mucus Index of clams living in a muddy bottom. 
Mya arenaria, the one clam with a closed pedal gape, has 
overcome the problem of silting by fusing the mantle lobes 
and adapting to a sedentary mode of life. Mya has a low 
Mucus Index number which suggests that it does not need as 
much mucus to remove the silt from the pallial space. The 
Mucus Index of Mytella and Barbatia is high because they 
probably have no protective mechanisms other than mucus to 
trap the silt. Modiolus, on the other hand, has well 
developed rejection tracts and a low Mucus Index. Another 
explanation for the low Mucus Index of Modiolus is that 
this bivalve is found among dense Salicomia stands which 
would tend to reduce the disturbance of the bottom by wave 
action. Yonge discussed the adaptation of another clam. 
Pinna, which lives half buried in muddy bays. The mantle 
of Pinna is not fused as is that of Mya but it does have 
large well developed ciliary rejection tracts which, togeth
er with mucus, will rid the clam of unwanted sediment (Yonge,
1953). It would be of interest to determine the Mucus Index
of this clam and compare it to that of Modiolus.

Another explanation for the variation in Mucus Index
is the method of feeding, suspension of deposit. All clams 
investigated are suspension feeders except Macoma. The sus
pension feeders filter food particles from the seawater.



Elimination of silt which enters with the food is the 
function of the mucus and the ciliary rejection tracts. 
Table 4 shows that the suspension feeders attached to rock 
have the lowest Mucus Index numbers. Macoma, the only 
deposit feeder, lives buried 8-12 inches in very soft mud 
but has a low Mucus Index number. Macoma is a very deli
cate feeder which gently sucks up detritus and bacteria 
from the surface of the surrounding mud. This clam can 
feed only when there is no wave action to disturb the 
settled material. If wave action stirs up the water, the 
clam stops feeding and draws in his siphon.

Habitat, mantle structure and method of feeding 
are all related to the amount of mucus found in the mantle 
cavity of the clam. In conclusion, the forms of bivalves 
which have the most mucus and thus the highest Mucus Index 
number are suspension feeders which have open gapes and 
move about from shallow burrow to shallow burrow.

Summary
1. The amount of mucus in the mantle tissue has 

been correlated with cleanliness of the water in which the 
clams live. Bivalves which live in predominantly clean 
water, whether they are attached to rock, living under 
rocks, or burrowing in rock have very little mantle mucus. 
The forms which live buried in mud or sand,.or under rocks
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where water can be stirred up, have much more mucus in the 
mantle tissue. The location of the mucus is always the 
same, proximal to the inner lobe adjacent to the ciliary 
rejection tracts when such tracts are present.

It is interesting to note that in Douville's 
classification his "sessile" group consists of those clams 
which live mainly in clean water environments and are not 
subject to much silt. His "normal" group includes shallow 
borrowers and are subject to silt.

2. Staining results indicate that mucus, when it 
is present, is an acidic glycosaminoglycan. Part of the 
acidity is caused by sulfate groups, as shown in the genus 
Lithophaga. The presence or absence of carboxyl groups 
has not been determined.



APPENDIX I

FIXATIVE SOLUTXOMS

10% formalin in seawater.
Formaldehyde solution, 37% AS. Grade 9 ml.
Seawater 90 ml.

Cyan uric chloride and E -me thy Imorpho 1 ine 
in methanol.
■ Cyanuric chloride • 0.5 gram
E^ntothylmorphQline ">«»»•= «=-~ 1 ml.
Anhydrous methanol 99 ml.
Prepare just prior to use.

Lead subacetate.
Basic lead subacetate 4 grams
Distilled water to make 100 ml.
Add sufficient glacial acetic acid 

to produce a clear solution.

Lead nitrate, formalin, and alcohol.
Lead nitrate 8 grams
Formaldehyde, 37% AR Grade «— »«■«•—  10 ml.

w  ^  5 » ' W  o  w  ^  < to  O  « a  < s»  « 8 6  « a  « y> N S S t *66 « »  e a »  o  e a  s w  «s>  « »  « 3 i  • « »  * 5 )  e » -  - X O  I S l e  o

AlCOhol 3- 100% 80 'Oil.
Fin. 24 hours at 24"30°€. s or 
.2-3 days at 0^5%., or 
10~14 days at minus 25°C.

70% ethanol.
Ethanols 95% 70 ml.
Distilled water to make 95 ml.



Picric acid3 acetic acid» and
formalin„
Picsric d.ci*d 2o4-
FormaIdehyde& 37% AE 60 ml*
Glacial acotic scid 12 ml*WS-fêr «**»'=»<=» 1^0 tEti o

Acetic acid9 alcohol9 and 
formalino
Formaldehyde 3 37% AR »»«>»«•««••■•*■»<-•»•*«» 5 ml,
Glacial acetic acid —-«**««*«»«»«»«•«•«>«»«'«» 5 ml,
Ethanola 70% «•»«>■=■ ■=>=><=«>«=•=■=■-■=■••*•=>«•■='•=■<='=•<=> 100 ml,

Picric acid9, acetic acid, formalin9 
and alcohol,

F J * 0 r 3 - C  S O  ^ « c 3  «s*» C* « *  « - « o  lO e a i  «e> «■■«» « » « » « » « »  *01 ttfr «e» ^  ^ i T S n i

Formaldehydej 37% AB. =>»«■•=”•==><=-=,»•»'=■=' 60 ml.Glacial acetic acid ■=>*==«>'»='•==-«--«-'»■=» 15 ml.
Ethanol9 30% •=«=-=«»=>~=»o«»«=*====>=»<==>=>•»«===■= 150 ml.

Mercuric chloride, potassium dichrcsnate 
formaldehyde9 and sodium sulfate. 9

Mercuric chloride 12.5 grains
Potassium dichromate 6.25grams
Formaldehyde, 37% AR «=•=’=-»•==»«•.»=-=«<» 25 ml.
Sodium sulfate 2.5 grams

10% formalin in 2% calcium acetate,
Formaldehydet 37% 10 ml.
Calcium acetate 2 gramsWater to make »ê »«>««ae.a=>=>««.»o=,»o»«.o 100 ml.



APFE1D11 II

STAIMIEG TECHNIQUES

Periodic Acid-Schi££
1. Deparaffin elides in two changes of toluine for

five minutes each, followed by the following 
alcohol series: 100%9 100%9 95%. 40%9 and 20%.
Five minutes each down to distilled water.

2. Ten minutes in periodic acid solution.
3. Five minute rinse in running tap water9 followed

by a distilled wafer rinse.
4. Two minutes each9 three changes of M/20 sodium

bisulfide,
5. Five minutes tap water rinse.
6. Hydrate through the same alcohol series as was

used in No. 19 followed by five minutes each 
in two changes of toluine.

7. Mount in Permount.

Colloidal Iron-Hematoxylin ° (For the test slides)
1. Deparaffin slides in two changes of toluine

followed by a graded series of ethanol:
100%, 100%9 95%$ 40%, and 20% to distilled 
water,

2. Put slides into working colloidal iron solution
for two hours,

3. Put slides 'through three changes of ten minutes
each in 30% acetic acid,

4. Rinse slides in running tap water for five min
utes p followed by a distilled water rinse. .•
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5. But the slides -for twenty minutes in freshly
mixed e<|ual parts of 2/0 hydrochloric acid
and 2% potassiumferrocyanide, (See Appendix 111),

6. Five minutes in tap water3 followed by a
distilled water rinse.

7. Five minutes in Harris hematoxylin staining
solution.

8. Give the slides a five minute tap water rinse,
followed by distilled water rinse.

9. Put slides for five minutes each in 20% alcohols
then 40% alcohol,

10. Destain in 70% alcohol for ten to fifteen seconds.
11. Take slides directly to 95% alcohol9 95% alcohol9

100% alcoholg for five minutes each.
12. Put slides through two changes of toluine for

five minutes each.
13. Mount in Permount.

Colloidal Xron^Bemafcoxvlin - (For the control slides)
1. Deparaffin slides in two changes of toluine

followed by a graded series of ethanol:
100%» 100%a 95%, 40%, and 20% to distilled 
water.

2. Put the slides for twenty minutes in freshly
mixed equal parts of 2% hydrochloric acid and 
2% potassiumferrocyanide. (See Appendix III).

3. F$ve minutes in tap water, followed by a
distilled water rinse,

4. Five minutes in Harris hematoxylin staining
solution, -

5. Give the slides a five minute tap water rinse,
followed by distilled water rinse.

6. But slides for five minutes each in 20% alcohol,
then 40% alcohol.
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7. Besfeaia ia 70% alcohol for ten to fifteen seconds.
8. Take slides directly to 95% alcohol, 95% alcohol,

100% alcohols for five minutes each.
9. Put slides through W o  changes of fcoluine for

five minutes each.
10. Mount in Pemount,

Colloidal Iron^Periodic Acid-Schif£
1. Take slides through two toluine baths in graded

alcohol series; 100%, 100%, 95%, 40%, and 20%, 
down to distilled water,

2. Put slides in colloidal iron working solution
for two hours.

3. But slides through three ten minute changes of
acetic acid.

4. Rinse in running tap wafer for five minutes,
followed by a short distilled rinse,

5. But slides for twenty minutes in freshly
prepared equal parts of 2% hydrochloric 
acid and 2% potassiumferrocyanlde.
(See Appendix III).

6. Rinse for five minutes in running tap water
and dip in distilled water.

7. Rut slides for ten minutes in periodic acid
solution.

8. Rinse slides for five minutes in running tap
water, followed by a distilled water rinse.

9. Rut slides into Schi££8s leucofuchin reagent
for five minutes. ■ '

10, Put slides through three changes of two minutes
each in M/20 sediumbisulfite.

11. Give slides a five minute running tap water
rinse, followed by short distilled water rinse.



12. Dehydrate through the graded alcohol series used
in Ho. 1 above.

13. Put through two changes of toluine five minutes
each.

14. Mount in Permount,

Alcian Blue-Hematoxylin
1. Deparaffin the slides with two changes of toluine

for five minutes each.
2. Hydrate through the following series of alcohols:

100%, five minutes; 100%, five minutes; 95%, 
two minutes; 40%, two minutes; and 20%, two
minutes; distilled water.

3. Put slides for three minutes into 3% acetic acid.
4. Put slides into the alcian blue solution for two

hours and rinse off the excess in tap water.
5. Rinse three to five minutes in 3% acetic acid.
6. Rinse three to five minutes in running tap water,

followed by a short rinse in distilled water.
7. Put in Harris hematoxylin solution for five minutes.
S. Rinse in tap water briefly but make sure tap water 

is not alkaline in order to prevent the hema
toxylin from becoming blue.

9. Put slides directly into 70% alcohol.
10. Destain for ten seconds in 1% acetic alcohol in 

95% ethanol.
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Autoradiography

Artificial seawater was made up, using sodium, 
potassium, calcium, magnesium, bicarbonate, bromine, and 
chlorine. The only sulfate added was a radioactive sodium 
sulfate solution. The final radioactivity in the solution 
was three mieroCuries per ml. The concentration of sodium 
sulfate in the radioactive sample was such that the final 
concentration of sodium sulfate in the artificial seawater 
was 0.00176 milligrams per milliliter. The approximately 
correct amount of sodium sulfate in seawater is 3.9 milli
grams per milliliter; therefore, the sodium sulfate was 
only 0.00045 times as concentrated in the artificial solu
tion as it is in nature.

After seven days the Lithophaga, which was still 
alive, was transferred through four changes of artificial 
seawater without radioactive sulfur, anesthetized in mag
nesium chloride, and preserved in cetylpyridinium chloride 
and formalin. The mantle tissue was imbedded in 56 C. 
paraffin. The sections were mounted on slides and covered 
with Eastman Kodak AR-1G stripping film. The finished 
slides were put in a light-tight box and stored in the 
refrigerator for forty five days, the film was then devel
oped and fixed according to the directions Supplied with 
the film package.



AFPEH011 III

M1SGELLABE0US SOLUTIONS

1» Potassium ferrocyanide. 
CK4PeC€N)6.3H20)

Potassium ferrocyanide 
Distilled watet
Use deionised distilled water if 
detecfible ferric iron occurs 
in the distilled water.

2. Hydrochloric acid rinse, 2%.
Concentrated hydrochloric acid,3 <3 Vo c* ca c> <3 caea <3,

DxstiilXoci w £̂©ir

Use deionised distilled water if 
deteetible ferric iron occurs 
in the distilled wafer.

2 grams 
93 ml.

2 ml. 
98 ml.
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