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FIGURE 48.-Left valve of O. (Alectryonia) megodon cut along the principal axis of growth. Hypostracum (dark striated
layer) forms a pronounced platform for the attachment of the adductor muscle, and can be traced to its original position
in the young oyster (right). Chalky deposits are regularly arranged between the layers of calcite. Also see fig. 41.

----------------1----- ----

TABLE 4.-Amino acids from the conchiolin of two species
of oysters

[In parts 01100 parts of protein according to Roche, Ranson, and Eysseric­
Lafon (1951)]

Arginine_ 0.45 2_ 90
Histidine_________ __ __ __ __ __ __ ____ __ __ __ __ __ ___ __ __ 0.65
Lysine____________________________________________ 3.55 4.30
Glycine___________________________________________ 15.70 15.70
Leucine___________________________________________ 0.51 _
Tryptophane______________________________________ 0.48
Tyrosine__________________________________________ 3.27 3_ 05
Valine_____________________________________________ 0.95 _
Cystine_ 0.98
Methioninc_ 1.77 1.62

scribed for calcite shells. Present knowledge of
the chemistry of the organic constituents of the
shell is inadequate. It seems reasonable to
assume that conchiolin like other proteins is not
a single chemical substance common to a large
number of organisms, but that it differs specifi­
cally from animal to animal and may even vary
in the different parts of the same shell.

The analysis of amino acids obtained by hy­
drolysis of conchiolin prepared from decalcified
shells showed (Roche, Ranson, and Eysseric­
Lafon, 1951) that there is a difference in the shells
of the two species of European oysters, O. edulis
and C. angulata (table 4).

MUSCLE ATTACHMENT

The place of attachment of the adductor muscle
or muscle scar is the most conspicuous area of the

Taking advantage of the fact that both calcite
and aragonite are present in the two distinct
layers of shell of the fan oyster (Pinna) and of the
pearl oyster (Pinctada) , the French investigators
(Roche, Ranson, and Eysseric-Lafon, 1951) at­
tempted to determine whether there is a difference
in the chemical composition of the organic material
of the two layers of the shell of the same species.
They found that tyrosine and glycine occur in
higher concentrations in the prismatic layer than
in the nacreous part of shells. In the prismatic
layer of calcite portion the content of tyrosine
varies between 11.6 and 17.0 percent and that of
glycine between 25 and 36 percent. In the
nacreous part made of aragonite the concentration
of tyrosine was from 2.8 to 6.0 percent and that
of glycine varied between 14.9 and 20.8 percent.
The significant differences in the contents of the
two amino acids in the two parts of the shell
may provide a clue for further studies of the role
of the organic component on the mineral form in
which the calcium carbonate is deposited by the
mantle.

Crassos/rea Os/rea
angula/a edulis

Amino acids
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figure were obtained in the following manner:
the periphery of the impression was circumscribed
with soft pencil; a piece of transparent Scotch
adhesive tape was pressed on the impression and
the outline was lifted and mounted on cross­
section paper; the area occupied by the impression
was measured by counting the number of squares.
Using this method, I obtained the replicas of
muscle impressions from 169 shells taken at
random from various oyster beds of the Atlantic
and Gulf Coasts. The impressions are arbitrarily
arranged in four series (A-D) according to their
shape and size. The impression areas of round
and broad shells are shown in the two upper rows,
A and B; those of long and narrow shells are
arranged in the two lower rows, C and D.

It may be expected that the larger is the shell
the greater is the area of muscle impression.
The relationship, as can be seen in fig. 51, is
rectilinear although the scatter of plotted data
is considerable and the variability increases with
the increase in size. The ratio of muscle impres­
sion area to shell surface area varies from 8 to 32
with the peRk of frequency distribution at 16 to
18 (fig. 52).

A small oval and unpigmented area on the

FIGURE 49.-Cross section of shell of an adult C. virginica
after decalcification in weak acid, Mallory triple stain.
Conchiolin of the prismatic layer is reddish-brown; that
of calcite-ostracum is bluish.

oyster shell. In C. virginica, C. angulata, and
many other species this area is highly pigmented;
in O. edulis, C. gigas, pigmentation is either
absent or very ligh~.

The muscle scar in C. virginica is located in the
posteroventral quadrant of the shell (figs. 15, 21,
33). To a certain extent the shape of the scar
reflects the shape of the sh~il, being almost round
in broad and round oysters and elongated in
narrow and long shells. The area of scar is
slightly concave on the side facing the hinge and
convex on the opposite, i.e., ventral side. Curved
growth line, parallel to the curvature of the
ventral edge of the valve, can be seen on the
surface. They are most pronounced in the ventral
part of the muscle impression. Size and shape of
the scar is variable and often irregular (fig. 50).
The outlines of the impressions shown in this

FIGURE 50.-Variations in shape and size of muscle scars
on the shells of C. virginica. Rows A and B show the
types of scars normally found on broad and rounded
shells, the length of which is almost equal to or exceeds
the height. Rows C and D are the scars often found
on long and narrow shells in which the height exceeds
the length. Replicas of scars were made from shells
collected at random.
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TABLE 5.-Chemical composition oj oyster shells in percent
oj shell weight

[From Hunter and Harrison, 1928]

Sampie 1 Sample 2

0.196

1. 51
0.28

0.043
38.81
0.0025
0.09
0.189
0.009
0.073
0.580
0.0009
0.0035

1. 41
0.27

0.045
38.78

-- -----ii~ii--­

0.183
0.009
0.075
0.570

0.0034
357.19

Constltuents

1 Loss above 110° C. Ignited.
2 Loss to 100° C.
3 Average for samples 1 and 2.60.050.020.0 30.0 40.0

SHELL AREA, cm.2
10.0

5.01-

4.0

"l!
<.>

l3' 3.C
ll:

'"
""....
~

~
2.0

1.0

00

93.88
0.48
0.88
1.40
0.32
0.27
0.46
1. 60

PercentChemical

(Analysis supplied by Columbia-Southern Corporation and copied with
their permission.)

TABLE 6.-Chemical composition oj mud shell.~ received at
the plant oj Columbia-Southern Corporation at Corpus
Christi, Tex.

[Percent of constituents in samples dried at 110° C.]

CHEMICAL COMPOSITION

The oyster shell consists primarily of calcium
carbonate, which composes more than 95 percent
of the total weight of the shell. The balance is
made up by magnesium carbonate, calcium sul­
fate, silica, salts of manganese, iron, aluminum,
traces of heavy metals, and organic matter.
Several analyses of oyster shell found in the
literature are incomplete, particularly with refer­
ence to trace elements. Analysis made for the
U.S. Bureau of Fisheries by the Bureau of
Chemistry of the Department of Agriculture and
published in 1928 (Hunter and Harrison, 1928) is
given in table 5.

Dead oyster shells buried in the mud of the
inshore waters of Texas and Louisiana are exten­
sively dredged by commercial concerns primarily
for the manufacture of chicken feed. Analysis of
these shells as they are received at the plant after
thorough washing in sea ~ater is given in table 6.

The calcium carbonate content of these shells is
probably lower than in live oysters due to their
erosion and dissolution of lime in sea water.
The chloride content IS affected by the retention of
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FIGURE 5l.-The relationship between the area of muscle
scar and the area of the shell of C. virginica.

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

SHELL AREA ':"MUSCLE ATTACHMENT AREA

FIGURE 52.-Frequency distri):mtion of the ratio of muscle
scar area vs. shell area in the shells of C. virginica of
Atlantic and Gulf States.
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dorsal half of each valve is the imprint of a
vestigial muscle in the mantle, discovered in 1867
by Quenstedt in the valves of the (larly Jurassic
oyster, Gryph,aea arc11:ata Lamark, and found by
Stenzel (1963) in C. virginica. In my collection
of living C. virginica the imprint is hardly visible
(figs. 15, 21, and 22). Slight adhesion of the
mantle to the valve indicates the location of this
area which Stenzel calls "imprint of Quenstedt's
muscle."
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TABLE 7.-Composition of C. virginica oyster shell dredged
from Galveston Bay, accordmg to Smith and Wright
(1962)

t~ese salts in the shells after thorough washing
wIth sea water of greatly variable salinity. The
percent of silica, aluminum, and iron, which are
also higher than in the analyses of shells of live
oysters, is at least in part influenced by the
efficiency of plant operations in removing mud
from ~he surface of the shells.

Chemical composition of shells of O. edulis is
not significantly different from that of C. virginica.
Table 8 gives the results obtained by European
scientists. The data quoted from various sources
are taken from Vinogradov (1937).

A much more detailed analysis of dead oyster
shells dredged from the bottom of Galveston Bay
8 miles east of San Leon was made recently by the
Dow Chemical Company (Smith and Wright,
1962). The shells were scrubbed in tap water
with a nylon brush, rinsed in distilled water, dried
at 110° C., and ground in a porcelain mortar.
With the kind permission of the authors the
results are given in table 7. Additional 19 ele­
ments were sought but not found at the following
sensitivity limits:

10 p.p.m.-arsenic, barium.
1 p.p.m:-antimony, chromium, cobalt, ger­

mamum, gold, lead, lithium, mercury,
molybdenum, nickel, vanadium, and
zirconium.

0.1 p.p.m.-beryllium, bismuth, cadmium,
silver, and tin.

The authors remark that traces of clay entrapped
within the shell may have influenced the findings
for titanium, manganese, copper, or zinc; and
that individual variations in silicon, iron, and
aluminum were due to contamination not remova­
ble by washing. It appears feasible that these
variations may have been caused by spicules of
boring sponges and algae infesting the shells.

TABLE 8.-Chemical composition of shells of O. edulis (in
percent of ash residue)

gaco.___________________________ 98.60 97.65 96.54 97 00
Ma.i!oO.lo-------.---------------- 1. 21 .

g •• -------- -- ----ii:ai2- ---ii:iii2S- -----trace

~r:~f!-----~_~~_~-~::: _::;-~~.~ ::::~: :j:~~~ ----l:

Sample Sample Sample Sample
1 2 3 4

Constituent

-----------

According to Creac'h (1957), all shells of O.
edulis and C. angulata contain traces of phos­
phorus. The French biologist found that the
phosphorus content is variable. Expressed as
P205, it varies in C. angulata from 0.075 to 0.114
percent. There is a significant difference in the
phosphorus content in various parts of the shell.
The amount of phosphorus per unit of volume of
shell material is lower in the chalky deposits than
in the hard por~ion of the shells. Thus, in laying
a chalky depOSIt the mollusk utilizes from 2.4 to
2.6 times less phosphorus than is needed for
secreting the same volume of harder shell
substance.

The presence of small quantities of strontium
~n calcareous shells of mollusks is of particular
lI~terest because. of its apparent relation to arago­
mte. The marIne organisms containing calcium
carbo~ate as aragonite have relatively higher
strontIUm content than those having calcite shells.
The relationship between the two elements is
expressed as strontium-calcium atom ratios
(Tho.mpson and Chow, 1955; Trueman, 1944; and
Asan, 1950). In C. virginica and C. gigas the
strontium-calcite ratio x 1,000 varies between
1.25 and 1.29. Ostrea lurida from California has
a lower strontium content, the ratio being 1.01.
!he percentages of Ca, Sr, CO2, and organic matter
In the ~hel~s of t~ee species of oyster and in Mya
arenaNa, In whICh the content is the highest
among the bivalves, given by Thompson and
Chow (1955), are summarized in table 9. The

Concen·
tratlon

ConstituentConcen·
tration

Constituent

1
29
28

TABLE 9.-The percentage of calcium and strontium in the
shells of oysters and soft shell clam
[According to Thompson and Chow, 1955]

Species Calcium Strontium
Atom

Carbon Organic ratio
dioxide matter Sr/Ca

xl,OOO

O.lurida_. ______ 38.6 0.085 42.5 1.68 1.0
C. virginica______ 33.7--37.8 0.92-0.107 41.8-42.4 2.16-2.34 1.25-1.
C. gigas_________ 34.6--36.2 0.097-0. 100 32.6-42.5 1. 33-1. 71 1.26-1.
M. arenaria _____ 38.6-38.8 0.181-0.246 42.2-42.3 2.22-2.44 2.16-2.91

P.p.m.
400
340
200
180
116
110

54
30
12
5
3
2
1
0.5

Organic Carbon as CH.__
Chlorine (Cll- _
Aluminum (All----------Iron (Fel . _
Phosphorus (Pl ..-------­
Manganese (Mnl.-------
Fluorine (Fl-- __
~~:llS!!lum (~l-----------anlUm (TIl-- .
Boron (Bl---_. _
Copper (Cul-----------.-Zinc (Znl __
Bromine (Brl _
Iodine (1)----------------

Percent
64.6
43.5
0.32
0.33
0.16
0.16
0.12
0.58

99.8 %

Calcium (CaO). _
Carbon (CO,'._. _
Sodium (Na'Ol .• -------­
Maf.neslum (MgOl.----­
Sui ur (SO,'---------.--­
Silicon (SIO,'-----------­
Strontium (SrOl-.---.--.
Moisture (H,Ol----------

Total of major con·
stituents.. _.. __
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salinity and temperature of the wat~r have ~p­

parently no influence on Sr/Ca, WhICh rem~ms

fairly constant in calcareous shells. The possIble
role of strontium in the mineralization and for­
mation of shell is discussed in chapter V.
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