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tables.
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+ 14 p., 9 figs., 8 tables.
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Langton and Ray E. Bowman. February 1980, iv + 23 p., 3 figs., 11 tables.
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Annotated Bibliography of the Hard Clam
(Mercenaria mercenaria)-*

J. L. McHUGH, MARIJORIE W. SUMNER, PAUL J. FLAGG,
DOUGLAS W. LIPTON, and WILLIAM J. BEHRENS®

INTRODUCTION

Work on this bibliography began about the beginning of
September 1974, when an undergraduate student, Douglas Lip-
ton, started work on a summary of the life history of Mercenaria
mercenaria as a tutorial research project. Serious work began in
November 1975, when financial support was received from the
New York Sea Grant Institute. At the time, we believed that we
might find a few hundred major references to M. mercenaria in
the literature, and were not prepared for a literature that exceeds
2,200 titles. We now know why authors of bibliographies often in-
clude the adjective “partial” in their titles. Although we combed
the literature assiduously, we are certain that we have missed
references. We also have not been able to locate some citations.

The search began by reviewing some obvious sources, such as
Proceedings of the National Shellfisheries Association, Biological
Bulletin, major fishery journals, and the like. We decided at the
beginning to write new abstracts in almost all cases, because
many authors do not know how to write an informative abstract,
or have too many constraints placed on them by editors. After
writing the abstract, we checked the literature cited for references
that clearly referred to hard clam, or which appeared to be perti-
nent even if the species name did not appear in the title. These
were located and abstracted, and the process was repeated. At this
stage we are finding virtually no new citations, ¢xcept those in
current issues of journals.

This process itself was partially self-defeating, because we
found that when specific reference to hard clam was not contain-
ed in the title, the paper sometimes was pertinent, sometimes not.
We felt, however, that a certain amount of oversearching was
necessary for completeness. Worse still was the practice of some
journals, including many of importance, of not including titles in
literature references, which made the search doubly difficult. We
question whether the time and space saved by omitting the title is
a good idea.

Another set of problems that bothered us considerably was
caused by carelessness. Every possible error that could be imagin-
ed was met. We found misspelled author’s names, wrong names,
names of joint authors missing, names of joint authors added,
wrong dates, incorrect titles, wrong journal names, wrong volume
and issue numbers, and wrong pagination. Total absence of error
was not expected, but such errors were too frequent to be ascribed
to chance. Many authors obviously do not take literature cita-
tions very seriously, record references by a form of shorthand, and

'The studies on which this paper is based were supported by grants from the New
York Sea Grant Institute.
’Flontﬁbution No. 299 of the Marine Sciences Research Center of the State
University of New York, Stony Brook, N.Y.
Ny’Marine Sciences Research Center, State University of New York, Stony Brook,
11794,

do not check carefully afterward. This raises doubts about the
scientific accuracy and quality of many papers. The most distress-
ing thing, however, was the enormous amount of time wasted by
the authors of this bibliography, and by librarians locally and
across the country, trying to verify and locate inaccurate
references. Some we never found, and are not sure that they exist.

We are not certain that we have eliminated errors of this kind,
but hope they are at a minimum. We have tried to maintain a
high level of accuracy, but there are many opportunities to com-
mit slips even in the best of circumstances.

To save time in preparation we have chosen to omit diacritical
marks. This will be obvious when papers are in French, not so ob-
vious elsewhere. We hope that this will not cause undue trouble.

There are several underlying themes in the clam literature. Of
prime importance are papers describing life history and ecology of
the hard clam, that is, describing its role in nature and how it
copes with the many threats to continued existence. Other papers
use the hard clam as a convenient tool in pharmacology or deal
with its antiviral or anticancer properties. Still others are concern-
ed with special powers of particular organs such as “catch muscle”
and what makes it work, or the crystalline style and its role in the
organism. We hope the fairly complete index will be helpful in
segregating and recombining these diverse themes in various
ways. It is planned to make this even more useful by preparing
separately two additional documents, a technical review of the
knowledge accumulated, and a more popular account intended
for enforcement officers, hatchery workers, and the industry
generally.

About 80 papers are listed in the index only by title. Most of
these contained nothing on Mercenaria, but this could not be
detected by reading the titles. Abcut 20 of these could not be
located and therefore we could not tell whether Mercenaria was
mentioned or not. After entry 850, all titles were annotated.

Bibliographies are out of date before they are printed, because
papers keep coming out. Probably the most important omission at
this time is the paper by Michael Castagna and John N. Kraeuter,
entitled “Manual for growing the hard clam Mercenaria,” publish-
ed in 1981 as Special Report in Applied Marine Science and
Ocean Engineering No. 249 by the Virginia Institute of Marine
Science, Gloucester Point, Va. We hope this bibliography will
help by saving time in hunting for past literature, some of which is
difficult to find.

We hired Donna Terrett to type the bibliography and the index.
This was fortunate, because she had uninterrupted time to spend
on it full time and took an interest in the work and its accuracy,
which added much to the appearance of the finished product.
Whatever faults remain are solely the responsibility of the senior
author.

Paul Flagg spent the summer 1977 preparing a partial index to
the bibliography.



William Behrens also worked with us for a while and wrote a
ew abstracts,

[ also want to thank the staff of the several libraries at Stony
Brook, not only the main library, but also its branches in the Divi-
iion of Biological Research and Department of Earth and Space
Sciences, and the Health Sciences Library. Their help in locating
many publications, and in obtaining many through interlibrary
loan, was invaluable.

Finally, I owe a great debt of gratitude to Marjorie w. > :
who carried most of the load of searching the literature. She
many hours in the various parts of the SUNY Stony Brook
library and in some other libraries, hunting down elusive titles,
and her knowledge of these libraries and their people was of in-
estimable value.



Abbott, " "R."T. 1954.
American Seashells. D. Van Nostrand Co., Inc., N.J., 541 p.

It is assumed that more recent books on the same subject by this author, 2
abstracted elsewhere in this bibliography, contain the same, or more
up-to-date information on the species of Mercenaria (=Venus). - J.L.M.

Abbott, 'R. Tucker. 1970.

How to know the American marine shells. A Signet Book, New American Library,
Times Mirror, N.Y. Revised ed. W-6528, 222 p.

The hard-shelled clam Mercenaria goes through a male phase in which functional
sperm is produced when the clam is only a few months old. Later about half of
the population turns female. Under adverse environmental conditions more
females than males are present. This is a survival mechanism. A figure is
given showing hinge ligament, anterior and posterior muscle scars, pallial
line and sinus, lunule,and cardinal teeth. There are many local names,
including quahaug, hard-shelled clam, littleneck, and cherrystone. Classifi-
cation is: Kingdom Animalia, Subkingdom Invertebrata, Phylum Mollusca, Class
Pelecypoda, Order Eulamellibranchia, Suborder Heterodonta, Family Veneridae,
Genus Mercenaria, Species mercenaria Linne. Distribution Canada to Florida.
Very common. Used in chowders and on half shell. External morphology
described. The form notata Say from the same region has external, brown,
zigzag mottlings. M. campechiensis ranges from Va. to Tex. It is very
similar but much more obese, lacks smooth central area on outside of valves,
and lunule is usually as wide as long. In vicinity of St. Petersburg, Fla.

is a malformed race with sharp, elevated ridge inside each valve, passing

from umbo obliquely backward to pallial sinus. Southern quahog is common but
not extensively used commercially. A useful glossary is included. - J.L.M.

Abbott, R. Tucker. 1972.

Kingdom of the seashell. Crown Publishers, Inc., New York (2nd printing,
1975) , 256 p.

A beautifully illustrated, popular account of conchology. References to
Mercenaria mercenaria include an account of the preparation and uses of shell
money or wampum. Black wampum came from purple parts of shell. Beads
usually were 1/3 inch diameter, 1/8 inch long, and drilled for stringing.

White wampum was usually made from Busycon shells. Wampum was used as
currency soon after white men came, by Indians and colonists. A 6-foot
strand was worth about 5 shillings. In the early 1700s it could be used as

fare on the Brooklyn ferry. A wampum factory run by white men operated in
northern New Jersey for a few years. Wampum was finally outlawed as currency
early in the 1800s when counterfeits flooded the market. In the form of
long, wide belts, wampum was used to record treaties, and other important
transactions between Indian nations. Presumably the record was preserved by
patterns woven with white and colored beads. A brief account of the hard
clam industry and life history of the species is included. All mollusks
probably produce pearls occasionally. The pearl of a porcellaneous, dull,
white shell like hard clam will have color and luster similar to the shell
itself. Hard clam pearls often are purple or shaded with purple. Antiviral
and antitumor properties of mercenene and paolins from clams and abalone are
mentioned. - J.L.M.

Abdulappa, M. K., and J. S. S. Lakshminarayana. 1968.
Pathogenesis of helminths in the Mollusca and their relatiqn to water quality.
In Proc. Symp. Mollusca, Pt. III. Mar. Biol. Assn. India, Mandapam Camp:

758=779.

This review paper covers other subjects not suggesFed_in the title, sugh as
bacterial and viral contamination of mollusks and indicators of pollution.



Reference to Venus mercenaria comes from a paper abstracted elsewhere in this
bibliography. - J.L.M.

Abelson, Philip H. 1957.

Organic constituents of fossils. In Treatise on Marine Ecology and
Paleoecology, Vol. 2. Mem. Geol. Soc. Am. 67: 87-92,

A Recent shell, from Cape May, N.J. and a fossil shell from the Calvert
formation, both Mercenaria mercenaria, compared fairly closely. The recent
form contained an assemblage of amino acids typical of a structural protein.
The fossil shell contained fewer amino acids, which may be presumed to be
more stable than the moieties which have disappeared. - J.L.M.

Ackman, R. G., and M. G. Cormier. 1967.

a-Tocopherol in some Atlantic fish and shellfish with particular reference to
live-holding without food. J. Fish. Res. Bd. Canada 24(2): 357-373.

Lipid and a-tocopherol content of V2nus mercenaria were determined 1 to 4
weeks after collection. Percent lipid ranged from 0.5 to 0.65 and was lower
than in most other bivalves. a-tocopherol content after 1 week was 11.6 ung/g
in medium-sized clams and 4.9 ug/g in large clams; after 2 wks 9.2 ug/g in
small clams; and after 4 wks zero in large clams. a~-tocopherol content of
the lipid fraction after 1 wk was 1700 ug/g in medium-sized clams and 1000
ug/g in large clams; after 2 wks 1430 ug/g in small clams; and after 4 wks
zero. It is possible that the larger part of the a-tocopherol orginally
present is derived from plant cells which pass through the gut. If it is a
cellular-level lipid, rapid utilization or elimination of a-tocopherol could
be explained, as there would be none in depot fat reserves. - J.L.M.

Ackman, R. G., and H. J. Hingley. 1968.

The occurrence and retention of dimethyl-f-propiothetin in some filter-
feeding organisms. J. Fish. Res. Bd. Canada 25(2): 267-284.

Although mature oysters, scallops, and a pteropod had high levels of DMPT, and
mussels intermediate levels, the amounts found in Mercenaria mercenaria from
Prince Edward Island were insignificant. A basic difference in food
assimilation between quahaug and the other species could be the reason,
perhaps by preliminary filtration of certain sizes of phytoplankton. DMPT is
a precursor of dimethyl sulphide (DMS), which is responsible for undesirable
o@ors in some fishes. Many phytoplankton species contain DMPT, which thus
might be expected to be found in tissues of filter feeders. - J.L.M.

Ackman, R. G., S. Epstein, and M. Kelleher. 1974.

P i ‘p' y i ’
A. comparison of ll ids alld‘ fatt aCldS Of tlle ocean quahaug Ar’ct'bca
8 Zand'L ca, from NOVa SCOtla and New Brunswick J i ]l
) . . Fis - Res. Bd. Canada

Ackman, R. G., S. N. Hooper,and P. J. Ke. 1971.

The distripution of saturated and isoprenoid fatty acids in the lipids of
three species gf molluscs, Littorina littorea, Crassostrea virginica, and
Venus mercenaria. Comp. Biochem. Physiol. 39B(3): 579-587. '
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11

12

All 3 species were found to contain isoprenoid, iso, anteiso, and normal
odd-numbered fatty acids qualitatively similar to those in higher forms of
aquatic life. Branched-chain and normal odd-numbered fatty acids tended to
be associated quantitatively with trends in neighboring normal even-numbered
fatty acids, specifically with myristic, palmitic, and stearic acids.

- modified authors' abstract - J.L.M.

Agarwal, R. A., and Michael J. Greenberg. 1968.

Some properties of cardioexcitors from the ganglia of freshwater clams. Proc.
24th Internatl. Congr. Physiol. Sci. 7:4 (abstract 10).

Aqueous extracts of ganglia of 3 freshwater clam species were tested for their
effects on isolated hearts of the same species and of Mercenaria mercenaria.
Some fractions had excitatory effects on all hearts, others had quite
different effects on freshwater clam and Mercenaria hearts. The observations
suggested that neural secretions, other than the usual transmitters, may have
a role in long-term maintenance of rhythmical muscular activity. - J.L.M.

Agarwal, R. A., and Michael J. Greenberg. 1969.

A comparative study of cardioactive agents from bivalve tissue. Comp.
Biochem. Physiol. 31(6) : 835-850.

Bivalve ganglia and heart tissues contain substances that affect cardiac
rhythmicity. These substances can be separated from common molluscan
neurohumors (5-HT, ACh, and catecholamines) by gel filtration, and can be
distinguished from these transmitters by their pharmacological properties.
Of unidentified substances, only Peak C had a consistent and strong effect
on isolated hearts of bivalves. Peak C can be recognized by the difference
in characteristic responses elicited from hearts of Mercenaria and Amblema.
M. mercenaria, as a kind of standard mollusk, was used for ganglion extracts
to compare with freshwater bivalves, and Mercenaria hearts were used for
bioassay. Peak C was present in all tissues examined, but its concentration
was highest in ganglia. It was concluded that Peak C is a substance of
nervous origin, and that its role in the animal is, at least in part, to
maintain long-term rhytnmicity in active hearts. - J.L.M.

Agarwal, R. A., P. J. B. Ligon, and Michael J. Greenberg. 1972.

The distribution of cardioactive agents among molluscan species and tissues.
Comp. Gen. Pharmacol. 3(11): 249-260.

Five cardioactive substances, in addition to acetylcholine (ACh) and
5-hydroxytryptamine (5HT), have been separated from ganglion and non-nervous
tissue extracts of members of the 4 major molluscan classes, including
Mercenaria mercenaria. The as yet unidentified active substances were named
peaks A, B, B°, C, and D. Nervous tissues always had more of the active
substances than non-nervous tissues. All ganglion extracts contained peaks A,
B°, ACh,and C. Peaks B and D, and 5HT were missing from only one species
each. No catecholamine peak resembling that of Mercenaria was found in any
extract tested. Each active fraction was identified mainly by its elution
volume and by its effects on M. mercenaria heart and other assay hearts.
Responses of isolated Mercenaria hearts to peaks A, B, C, D, and SHT_were
similar, in that amplitude, frequency, and at high doses, tone were 1gcreased.
Peak D response became distinct only after SHT excitation of Mercenarta heart
was blocked by UML. Responses of Mercenaria ventricles to dopamine and B°
were similar in their effects on tone, amplitude, and frequency of heartbeat.
All substances had highest activities in ganglion extracts. Degree of
localization varied: peak C was strongly restricted to nervous tissue; _
activity of peak A was most evenly distributed. The powerful phgrmacologlcgl
agents peaks C and B° were widely distributed in mo}luscan ganglia. Psak B
activity was noted for the first time in these studies. Peaks C‘apd B° were
partially purified. Peak C activity is produced by a small, positively



charged molecule which is not a polypeptide. B° resembles a categholamine
in fluorescent characteristics, but is not adrenaline, noradrenaline, or
dopamine. (Abstracter's note: dopa is 3,4—dihydroxyphgn¥1alanine, UML is
methysergide, and Dopamine is 3-hydroxytyramine.) - modified authors'
abstract - J.L.M.

13
Ahmed, Muzammil,and Albert K. Sparks. 1968.

Chromosomes of oysters, clams and mussels. Proc. Natl. Shellf. Assn. 58: 10.

14
Aiello, Edward. 1970.

Nervous and chemical stimulation of gill cilia in bivalve molluscs.
Physiol. Zool. 43(1): 60-70.

Mercenaria mercenaria was among 13 species examined. Five of 5 nerve-gill
preparations tested responded to electrical stimulation of the branchial
nerve. The cilioexcitatory effect was shown by rapid appearance of
metachronal waves on previously quiescent filaments. Serotonin also stimu-
lated ciliary activity. The lowest concentration that stimulated M. mer-
cenaria was about 0.02 ug/ml. The effect of nerve stimulation by electrical
impulse was blocked by 20 ug/ml of BOL (bromolysergic acid diethylamide) .
BOL significantly reduced the frequency of beating induced by some concen-
trations of serotonin (5-hydroxytryptamine). It was concluded that cilio-
excitatory fibers are present in branchial nerves of M. mercenaria and that
serotonin (5-HT) is the excitatory agent. It increased the rate of beating
cilia and caused quiescent cilia to begin beating. - J.L.M.

15
Albert, Phil. 1978.

Insight: or how the DEM classifies shellfish areas. Upstream, Save the
Bay, Inc., Dept. Envir. Mgmt. 2(1): 4.

Criteria used in Narragansett Bay closures are: 1) distance of an area from
the source of pollution; 2) volume of sewage in an area; 3) dilution of the
sewage by clean water; and 4) median most probable number (MPN) of coliform
bacteria not to exceed 70 per 100 ml. Elevated coliform levels are not
caused bv increased rainfall. Highest rainfall in 4 yrs produced the lowest
coliform count at station 11A. DEM's first priority is to clean up the Bay.
Closure lines will continue as long as the severe effects of pollution
remain. - J.L.M.

16
Allbee, Roger. 1973.

To take food from the sea. New York Sea Grant Adv. Serv., in cooperation
with U.S. Dept. Commer. and Dept. Agric., Sea Grant Pub. 73-001, 16 p.

At one time clams were actively harvested only when oysters were out of
season. Today hard clam, Mercenaria mercenaria, accounts for 13 million
pounds of the total 22 million pounds reported fishery landings (1972).

In 1880 production was mainly at Port Washington, Little Neck, Whitestone,
Centerport, and Islip. In 1969 Great South Bay produced over 83% of total
N.Y. hard clam landings. In 1972, 4501 independent baymen had commercial
permits to harvest clams from Great South Bay. - J.L.M.

17
Allee, W. C. 1923.

Studies in marine ecology: I. The distribution of common littoral inverte-
brates of the Woods Hole region. Biol. Bull. 44(4): 167-191.

Venus mercenaria was fairly abundant in muddy and sandy bottom, sparse among
rocks and rockweed, gravel and eelgrass. No evidence was found that long
continued collecting by invertebrate classes or the supply department of the
Marine Biological Laboratory at Woods Hole, Mass. had affected the abundance
of animals in the area over a nine-year period. - J.L.M.
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Allee, W. C. 1923.

Studies in marine ecology. II. An annotated catalogue of the distribution
of common invertebrates of the Woods Hole littoral. Ms deposited in the
following libraries: U.S. Fish Comm., Washington, D.C.; Mar. Biol. Lab.,
Woods Hole; Mus. Comp. Zool., Harvard; U.S. Natl. Mus.; Scripps Inst. Ocean.,
La Jolla, Calif.; and Mount Desert Isl. Biol. Lab.

Listed for reference. - J.L.M.

Allee, W. C. 1923.

Studies in marine ecology. III. Some physical factors related to the distri-
bution of littoral invertebrates. Biol. Bull. 44: 205-253.

Venus mercenaria was found in muddy sand association, eelgrass and muck
association, marginal muck association between the edge of the eelgrass and
low tide, and in the intertidal Mya association in the lower part of the
flats where buried rocks lie within a few inches of the surface. - J.L.M.

Allee, W. C. 1923.

Studies in marine ecology. IV. The effect of temperature in limiting geo-
graphical range of invertebrates of the Woods Hole littoral. Ecology 4(4):
341-354.

Allee, W. C. 1934.

Concerning the organization of marine coastal communities. Ecol. Monogr.
4(4): 541-554.

A series of communities on level bottom, attributed to C. G. Joh. Petersen
(1918) included Venus community with Echinocardium; open sandy coasts of the
Kattegat and in the North Sea, 10-11 m; and the deep Venus community,
sporadically in the Kattegat in sand. Judging from their habitat tolerances
the Macoma community should be found at the Venus stations, but in fact are
found only where the "Venus community" are lacking. Mytilus of the Macoma
group lives on buoys in the Venus territory of the Kattegat, but the
constituents limited to the bottom cannot be found there. It must be that
Echinocardium and Ophioglypha and the plaice fishes exclude them. "Venus
animals™ cannot reach up on the buoys in the Kattegat to destroy young
Mytilus. Distribution of the Macoma community is understandable only in the
light of biological factors which bring about competition with the "Venus
community". - J.L.M.

Allen, E. J.,and R. A. Todd. 1900

The fauna of the Salcombe estuary. Sears. Found., J. Mar. Res. 6: 151-217.

Allen, J. A. 1962.

Preliminary experiments on the feeding and excretion of bivalves using
Phaeodactylum labelled with 32P. J. Mar. Biol. Assn. U.K. 42(3): 609-623.

The Venus species used in these experiments was striatula, not mercenaria.
Results of filtration experiments were similar to those reported by Rice and
Smith (1958) and Jorgensen (1960) for other species. V. striatula produced
very little pseudofaeces. Most material excreted in the first 3 days is
green-brown and composed of Phaeodactylum which probably has never entered
cells of the digestive diverticula but has immediately been rejected by
sorting mechanisms of the stomach. Material excreted later is browner and
probably composed of material that has been extruded from cells of digestive
tubules and returned to the stomach. There is a steady loss of 32p into
solution during the first week. Of the body tissues of the clam, the
digestive diverticula had the highest count of 32P per mg dry tissue. This



probably also is the main storage organ of P. The 32p js about 9 times as
concentrated in the digestive gland of Venus as in Mya. Concentrations in
other tissues are about the same in both species. The second highest con-
centration was found in kidney, and it was probable that this organ was
responsible for loss of 32P to the surrounding medium. Smallest concentra-
tions were found in muscle and shell. Up to 94% of the 32p present in
Phaeodactylum was assimilated. There was no marked transfer to gonads.

- J.L.M.

24
Allen, J. A. 1963.

Ecology and functional morphology of molluscs. Oceanogr. Mar. Biol.
Ann. Rev. 1l: 253-288.

Many species do not spawn until a certain temperature is reached, such as
Venus (Ansell 1961). This review article undoubtedly covers many aspects
of ecology and functional morphology of Mercenaria (Venus) mercenaria, but
this was the only specific reference found. Sections cover habit and habi-
tat, breeding, embryology and development, growth, shellfish cultivation,
genetics and variation, and geographical distribution and population studies.
There is an extensive bibliography. - J.L.M.

25
Allen, J. A. 1970.

Experiments on the uptake of radioactive phosphorus by bivalves and its
subsequent distribution within the bodv. Comp. Biochem. Physiol. 36(1):
131-141.

Using suspension of Phaeodactylum labelled with P35, maximum filtration rates

of 40 ml/hr for Venus striatula 21 to 28 mm in total length were recorded. -
J.L.M. and M.W.S.

26
Allen, J. Frances. 1954.

The influence of bottom sediments on the distribution of five species of

bivalves in the Little Annemessex River, Chesapeake Bay. Nautilus 68(2) :
56-65.

M. mercenaria was abundant only in sandy bottoms, not mud. - J.L.M.

27
Allen, Kenneth. 1961.

Amino acids in the Mollusca. Am. Zool. 1(2): 253-261.

The sulfonic amino acid taurine was found only in marine mollusks, not
freshwater or terrestrial forms. Marine species examined included

Venus mercenaria (Simpson et al. 1959). The technique was paper
chromatography. This review paper concluded that amino acid metabolism in
mollusks is poorly known. In marine mollusks the only subject studied to
any extent has been the role of amino acids in osmoregulation, in which
taurine plays an important role. - J.L.M.

28
Aller, H. D. 1912.
Notes on distribution of the more common bivalves of Beaufort, N.C. Stud.
Biol. Lab. Johns Hopkins Univ. 28: 76.
According to Jacot (1921), abstracted elsewhere in this bibliography, Aller
recorded Venus mercenaria from this area. - J.L.M.
29

Amende, Lynn M., and Sidney K. Pierce, Jr. 1978.

Hypotaurine: the identity of an unknown ninhydrin-positive compound co-
eluting with urea in amino acid extracts of bivalve tissue. Comp. Biochem.
Physiol. 59B(3): 257-261.



30
American Public Health Association, Inc. 1970.

Recommended procedures for the examination of sea water and shellfish. 4th
ed. Am. Pub. Health Assn., New York, viii + 105 p.

Contains detailed procedures on Mercenaria mercenaria and other species. - J.L.M.

31
Anderson, J. D.,and C. L. Prosser. 1953.

Osmoregulating capacity in populations occurring in different salinities.
Biol. Bull. 105(2): 369 (abstract).

Quahogs from Great Pond, Falmouth, lMass. collected at low tide had 0.44

N NaCl blood osmoconcentration where water osmoconcentration was 0.40 N NaCl,
and 0.33 N NaCl where water was 0.20. Quahogs adjusted their blood to
external concentration when they were pumping water, but failed to pump
below about 50% seawater. From dilute regions quahogs tended to pump at
lower concentrations than from concentrated water. - J.L.M.

32
Anderson, J. W., J. M. Neff, B. A. Cox, H. E. Tatem,and G. M. Hightower. 1974.

Characteristics of dispersions and water-soluble extracts of crude and
refined oils and their toxicity to estuarine crustaceans and fish.
Marine Biol. 27: 75-88.

33
Anderson, Robert S. 1977.

Biochemistry and physiology of invertebrate macrophages in vitro. In
Comparative Pathobiology. Vol. 3. Invertebrate immune responses. Lee A.
Bulla, Jr. and Thomas C. Cheng (eds). Plenum Press, New York, p. 1-20.
No increment in O, utilization was seen in wercenaria (Cheng 1975). Par-
ticle ingestion stimulated glycogen and glucose catabolism and lactate
production in Mercenaria hemocytes. - J.L.M.

34
Anderson, William D., Willis J. Keith, F. Holland Mills, Michael E. Bailey, and
John L. Steinmeyer. 1978.

A comprehensive survey of South Carolina's hard clam resources. Natl.
Shellf. Assn., 70th Joint Ann. SINA-NSA Conv. & Meeting, 18-22 June 1978,
Abstracts, (page not numbered).

In 4 yrs of survey 35,922 yd2 bottom samples were taken with hydraulic
patent tongs. Estimated area of clam bottoms was 6,809 acres. Highest
densities, and 70% of clams sampled, were in a mixture of shell and sand.
Sampling in the Santee River estuary in 1973 and 1974 located high densi-
ties of hard clam which have led to a continuing commercial fishery. Seven
permits are issued annually to hydraulic escalator harvesters. Ex-vessel
revenue in the hard clam industry of the State has exceeded annual average
production since 1974-75 sixfold. - J.L.M.

35
Anderson, William D., Willis J. Keith, F. Holland Mills, Michael E. Bailey,
and John L. Steinmeyer. 1978.

A survey of South Carolina's hard clam resources. S. C. Wildlife and Marine
Resources Department, Marine Resources Center, Tech. Rept. 32, vi + 17 p.
+ 15 p. appendix III.

An estimated 6,809 acres (2,756 ha), roughly 1% of S.C.'s marsh-estuarine
area of 746,445 acres contain clams in various densities. Most are northern
clams, Mercenaria mercenaria, and in substantially smaller numbers the
southern clam, M. campechiensis, and their reciprocal hybrids are found
sympatrically throughout S.C.'s coastal waters. Clams are usually found in
small feeder creeks and protected areas not exposed to wave action or strong
currents. Except for the Santee Delta, commercial quantities are scarce in



open estuarine areas. Mercenaria mercenaria is also found in conjunction
with oysters or other environmentally favorable areas that are protected by
overlying shells. Predation of juveniles by blue crabs, stone crab, and
other xanthid crabs appears to be a major inhibitor to proliferation in areas
with no overlying protection. About 15% (1,035 acres) of the State's esti-
mated clam bottoms are closed by fecal coliform pollution. Public clam
bottoms (1,418 acres) make up 21% of the estimated total. The remaining
acreage is leased for commercial shellfish production. The Santee River
estuary clam population is apparently adapted to low salinities. Highest
concentrations are in areas of shell and sand substrate and less severe wave
action. The fishery is expected to be maintained by managing fishing effort
and rotating harvest areas. However, the proposed Cooper River rediversion
project may cause commercial extinction of the clam fishery from major
changes in the estuarine salinity regime. The report is illustrated with
excellent figures, including one that shows that about 50% of all clams
sampled were at about 2 meters depth, with less than 10% at depths greater
than 5 meters, and that over half of clams sampled were littlenecks. - J.L.M.

36
Anderson, William D., Willis J. Keith, F. Holland Mills, Michael E. Bailey, and
John L. Steinmeyer. 1979.

A comprehensive survey of South Carolina's hard clam resources. Proc. Natl.
Shellf. Assn. 69: 201 (abstract).

Hydraulic patent tongs were used to inventory South Carolina's hard clam-
standing crop. In the 4 yr survey (1973-1977) 35,922 yd2 (30,031 m2) samples
were taken. An estimated 6,809 acres (2,756 ha) of clam bottoms were found.
Highest clam densities and 78% of total clams sampled were found in a mix-
ture of shell and sand substrate. Initial survey results in fall 1973 and
early 1974 discovered high density populations in the Santee River estuary.
Seven permits are issued annually and harvesting is managed by the Division
of Marine Resources. Since the 1974-75 clam season, South Carolina's hard

clam ex-vessel revenue has exceeded the pre-survey annual average production
by six times. - J.L.M.

37
Andrews, Jay D. 1955.

Notes on fungus parasites of bivalve mollusks in Chesapeake Bay. Proc.
Natl. Shellf. Assn. 45: 157-163.

In Aug 1953 the meat of a dead hard clam was found infected with a fungus
similar to Dermocystidium marinum, a fungus that causes mortality in
American oyster. - J.L.M.

38
Andrews, J. D. 1956.

Annotated checklist of mollusks of Chesapeake Bay. Unpub. ms., 10 p.

We assume that this manuscript contains reference to Mercenaria mercenaria.
- J.L.M.

39
Andrews, J. D. 1966.

Problems in shellfish production. Proc. Natl. Shellf. Assn. 57: 9-10.

0
Andrews, J. D. 1970.

Climatic and ecological settin i i
natic gs for growing shellfish.

Artificial Propag. of Commercially Valuable Shel

Mar. Stud., Univ. Del., Newark, p. 97-107.

! In Proc. Conf. on
lfish - Oysters. coll.

On the.mid-AFlanFic coast of N. America the environment of estuarine
shellfishes is rigorous. Temps range from 0° to 30°C and salinities vary

by 10°/0o to 15°/co annually and up to 5°/co i i
n a tidal cycle. T

changes are augmented by @roughts, flash floods, and hurrgcanes. hgigs€§EUIar
changes in temp and salinity of coastal waters are produced by effects of

10



continental climates. Mercenaria mercenaria is one of the most important
bivalves of the area. It has evolved into 2 species in the northern and
southern parts of its range. Among other east coast species M. mercenaria
has been introduced on the west coast. Successful introduction was possible
because this clam tolerated cold waters. Hard clam requires salinities no
less than about half that of seawater (about 18°/0¢), hence is confined

to the lower part of Chesapeake Bay. Hard clams less than 1 inch long are
scarce because the lower Bay is an area of high predation, mostly by blue
crabs. Shelly oyster beds provide best habitats for survival, and most

hard clams are harvested in such places. Commercial catch in Chesapeake Bay
is mostly clams over 10 yrs old. In the Long Island, N.Y. area, recruitment
is regular and young clams grow well. In Chesapeake Bay regularity and
intensity of hard clam spatfall is not well understood. One-inch clams
planted in sandy bottoms suffered heavy mortality from predation. In mesh-
lined trays survival was excellent. Planting hard clams on shelled beds

has been advocated to increase survival. Oysters and soft clams tolerate
lower salinities, hence are less vulnerable to predation. The Maryland hy-
draulic escalator clam harvester could be used to bring buried shell to the
surface. Most nursery operations appear to get good survival of young clams,
but growth is less than in nature. Hard clams are considered prime at sizes
small enough for harvesting before growth has become excessively slow.
Estuaries and lagoons of the Atlantic coast have extremely wide variations
of environmental factors seasonally, thus it seems unlikely that large
natural areas can be protected from such variations for efficient maricul-
ture. Modification of environments for rearing early stages seems well
within reach. Because natural environments are seldom "right" for long,
full advantage should be taken of opportunities to manipulate shellfishes
into the best habitats according to season and objective. - J.L.M.

41
Andrews, Jay D. 1970.

The mollusc fisheries of Chesapeake Bay (USA). In Proc. Symposium on
Mollusca, Pt. III (India): 847-856.

Hard clam, Mercenaria mercenaria, supports 1 of 3 major mollusk fisheries

in the Bay. Most hard clams are taken on the seaside of the eastern shore
of Md. and Va., e.g., the ocean side of the peninsula that forms the

eastern boundary of Chesapeake Bay. Within the Bay the species is limited
to lower Bay areas in salinities above 15°/,,. In the Bay most of the catch
is made with power-operated patent tongs in water 20 feet deep or more. 1In
the Maryland sector of Chincoteague Bay on the seaside of the Eastern Shore
hydraulic soft clam dredges are used, and in Virginia more primitive

methods still persist: hand tongs, bull rakes,and treading. The prime

market is for steamers (for clam bakes) and raw clams to be served on the
half shell. Larger clams are used in chowders and soups. Clams are
harvested all year, but seasonal variations in demand have led to a
complicated system of storage by intensive protected plantings to hold for
favorable prices. Only a small part of the east coast clam harvest comes
from the Chesapeake area (16% in 1966). Reproduction, predation,and
disease are the major biological problems of the Chesapeake shellfish
industry. All three species are prolific, but losses are large in the
early stages. Summer-breeding oyster and hard clam are less successful in
reproduction than the fall-breeding soft clam. Hard clam has a longer
spawning season, at minimum temperature of about 20°C. Size of breeding
population has not been clearly related to spawning success. Two
experimental hard clam hatcheries are operating on the seaside of the
eastern shore of Va. Nursery areas or protection are needed to allow clams
to grow to predator-resistant size. Bivalve spat are subject to heavy
predation, especially in the first week after setting. In lower Chesapeake
Bay 2 snails (Urosalpinx cinerea and Eupleura caudata), blue crab
(Callinectes sapidus), 4 xanthid crabs, and the flatworm Stylochus ellipticus
are considered serious predators. Sea stars (Asterias), conchs (Busycon), and
moon snails (Polynices) are less abundant and less important as predators.
Skates and rays undoubtedly take some bivalves. In the York River small

M. mercenaria are always difficult to find. On bottoms worked commercially
clams smaller than one inch are scarce. Blue crabs quickly dig and crack

11



concentrated plantings of small clams, but protected.clams show very low
death rates from disease and other causes. Mercenaria grows very slowly
after the first 2 or 3 years. O0ld clams are common 1in commercial catches.
Tray-held hard clams had very low mortalities yhen protected from pre-
dation for 10 years. Clams in natural populations are scattered,.ip
contrast to oysters on planted grounds, and disease-caused mortglltles have
not been evident. Diseases of hard clam have not been studied in Chesapeake

Bay. - J.L.M.

42

Andrews, Jean. 1971.
Sea Shells of the Texas coast. Univ. Texas Press, Austin, 285 p.

Southern quahog, Mercenaria campcchiencis (Gmelin, 1790). Length 3 to 6 in.
Dirty gray to whitish; interior white, rarely with purple blotches;
porcellaneous. Valves equal; ovate trigonal; inequilateral; inflated.
Sculpture of numerous concentric growth lines; near the beaks they are
farther apart; shell very heavy. Lunule as wide as long; 3 cardinals in
each valve; left middle cardinal split. Two muscle scars are connected

by a pallial line with small, angular sinus. No periostracum visible.

M. campechiensis has not been used commercially as has Y. mercenaria,.
Habitat: offshore; common. Chesapeake Bay to Florida, Texas, and Cuba;
Miocene to Recent. Mercenaria campeoil.oneie foeruan: (Dall, 1902). Length
3 to 5 in. Dirty white, often with brown zigzag marks; interior white,
occasionally marked with purple. Surface sculpture with irregular large
concentric growth lines; central area of each valve glossy and smooth in
older clams; very heavy and porcellaneous. Lunule 3/4 as wide as long:

3 cardinal teeth in each valve; left middle cardinal split. Two muscle
scars are connected by a pallial line with small angular sinus; margin
faintly crenulate. Lives in bays, in open bays and inlet-influenced areas.
Fairly common. Range: northern Gulf of Mexico to Tampico, Mexico.
Pleistocene to Recent. Mérzeniariaz =oreonir’i: is not listed as present.

- J.L.M.

43
Andrews, Wallace H., Cecile D. Diggs, and Clide R. Wilson. 1975,

Evaluation of a medium for the rapid recovery of s herizhia ecl? from
shellfish. Appl. Microbiol. 29(1): 130-131.

A medium which shortens the time necessary to identify and enumerate £. coli in
estuarine waters was evaluated for use in recovery of £. :oli from Mercenaria
mercenaria and Crassostrea virginica. Productivity of I. coli by this medium
was comparable to that of the lengthier Am. Pub. Health Assn. method and false
positives were reduced substantially. - modified author's abstract. - J.L.M.

44

Andrews, W. H., C. D. Diggs, J. J. Miescier, C. R. Wilson, W. M. Adams,
S. A. Furfari,and J. F. Musselman. 1976.

Validity of members of the total coliform and fecal coliform groups for
indicating the presence of Salmonella in the quahaug, Mercenaria mercenarta.
J. Milk Food Technol. 39(5): 322-324.

No samples of Mercenaria mercenaria taken from waters classified as safe for
shellfish harvesting, over a period of 24 months, contained Salmorella.
Criteria for safe waters were: 1) no more than 70 MPN total coliforms/100 ml
water; or 2) no more than 14 MPN fecal coliforms/100 ml water. Salmonella
also was not detected in quahog samples meeting the wholesale market quality
standard of 230 fecal coliforms/100 g shellfish, as specified by the National
Shellfish Sanitation Program. Fecal coliform MPN of quahog meats increased
more closely with increase in total and fecal coliform MPN of the waters
than did total coliform MPN of meats. Five Salmonella serotypes, including
S. paratyphi B., were found singly and in combination in a small number of
quahog samples from waters in which total coliform MPN/100 ml was over 200,
and in which fecal coliform MPN/100 ml was over 14, - J.L.M.



45
Anonymous. 1935,

Canarsie clams and typhoid fever. N.Y. City Dept. Health, Quart. Bull.
3: 87-89.

Not until 1915 could any considerable number of cases of typhoid fever in
New York City be traced to infected shellfish, despite careful investigation.
For the next 10 years no group of cases could be attributed to shellfish.
Then in 1924-25 an outbreak of over 625 cases was traced to infected
shellfish from the shores of Long Island. This was part of a much more
extensive epidemic which reached as far as Chicago, and led to strict
regulatory measures. From 1924 to 1935 the number of cases of typhoid fever
in New York City dropped irregularly from 1,687 to something over 300 per
year. Those attributable to shellfish ranged from 22.7% in 1924 to a low of
2.3% in 1932, with rises in incidence in 1933 and 1935. Although Canarsie
Beach was posted with warning signs, extensive publicity had been given to
the danger, and the Beach was patrolled, surreptitious digging of clams
(presumably hard clam) persisted. The Department of Health was removing
clams from the area, breaking them up, and dumping them at sea. - J.L.M.

46
Anonymous. 1936.

Surveying sewage pollution in shell fish producing waters. Eng. News-Record,
July 9, 1936: 49-50.

As a result of considerable experimental and field work the U.S. Public
Health Service arrived at the conclusion that generally not more than 50% of
the 1 cc tubes in an area should show the presence of B. coli if that area
is to be used to take shellfish for market. B. coli was found high in the
far western end of Raritan Bay, and in that portion to the north and
northwest of Sandy Hook Point. Except for isolated cases, results in the
rest of the Bay were satisfactory. An additional area adjacent to Sandy
Hook Point was ordered closed. After proper action by New Jersey, New York
City opened markets to products coming from approved sources. - J.L.M.

47
Anonymous. 1936.

Temperature and hibernation of hard-shell clams. U.S. Fish Wildl. Serv.,
Bull. 252: 4,

A brief progress report on studies completed by V. L. Loosanoff on Venus
mercenaria in tanks in which water was renewed with every tidal excursion.
Clams were immobilized by imbedding one valve in concrete and shell
movements were recorded. Temps varied from 0 to 28°C, thus covering the
entire natural range for the area. Critical hibernation temp lay between
5° and 6°C. At 0°C clams remained closed 100% of the time; at 1 to 2.9°
closed 100% (29 clams); from 3 to 4.9° shells of 30 clams were open 6.5%
of the time; and as soon as 5 to 5.9° was reached shell activity increased
markedly, clams remaining open 35 to 40% of the time. Clams at 8° were
open 65% of the time; 10 to 11°C 75 to 85%; and from 12 to 28°C 80 to 90%
of the time. Undoubtedly growth and fattening of clams, and development of
sexual products, are dependent upon the length of time valves are open,
hence the clam can feed. - J.L.M.

438
Anonymous. 1941.

High court rejects B. coli as indicating unsafe water. Water Works
Engineering 94: 516-517, 527.
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49
Anonymous. 1944.

Culture of hard clams. U.S. Dept. Interior, Fish Wildl. Serv., Fish. Leafl.
72, 2 p.

This paper was cited as authored by Loosanoff, but his name appears only in
the list of publications appended. Venus mercenaria was most abundant from
Massachusetts to Virginia, but was found from Maine to Florida, and supported
considerable fisheries also in North Carolina and Florida. They live from the
intertidal zone to a depth of over 50 ft. Some may spawn at 3 or 4 months of
age, but most spawn at one year. Spawning begins when water temp reaches
about 73°F. Spawning season is longer in the south. Growth is affected by
currents, depth, salinity and temp, and bottom materials. Hard clams can
feed only when covered with water. Natural beds are found between 10°/00o and
28°/00 salinity, and can tolerate normal fluctuation in salinity. Growth is
most rapid in warmer waters, hence faster south than north. 1In northern
waters growth is only from May to mid-November. A hard clam farm can yield
up to 600 bu of 2 1/2-inch clams/acre/yr. Location of the farm should be
based on good water circulation, relatively firm bottom, and be below low
tide level (at least 3 ft of water at low tide). Water should be free of
pollution, and well protected from wind and rough water. A nearby source of
seed is important. Preparation of the ground for planting should include
removal of thick grass, stones, and other debris, and destruction of cockles,
conch, and sea stars. Clams are not active at low temp. Therefore, planting
should be done in warmer seasons, to avoid exposure to attack by predators.
If water circulation is good, up to 25 seed clams can be planted/ft2 of
bottom. Some control of seaweeds and predators may be necessary at times
before harvesting. - J.L.M.

50
Anonymous. 1954,

Paleobiochemistry. Geophysical Laboratory, Carnegie Inst. of Washington,
1954: 97-101.

Analysis of a recent clam shell from Cape May, N.J. showed that although
amino acids were not laid down uniformly throughout the shell, they were
present in all portions. Shells of fossils from one locality, including

Mercenaria mercenaria, showed qualitative and quantitative differences in
amino acid content. - J.L.M. and M.W.S.

51
Anonymous. 1957.

Exploratory fishing for hard clams and finfish in the northeastern Gulf of
Mexico. Comm. Fish. Rev. 19(11l): 20-21.

Hard clams (presumably Mercenaria campechiensis) were taken in small numbers
at all stations off the Florida coast between Cape St. George and Gasparilla
Island in the 3 to 5 fathom depth range. Best results were off Pass-a-grille
and Venice (300 clams, approximately 1 bu/30 min tow). Seventy percent were
2 in long (littlenecks), 30% 3 to 4 in (cherrystones and chowders). Yield
was about 1 gal meats/bu. They were judged to equal the northern species

(M. mercenaria) in taste, texture, and size, but keeping quality was poor.

- J.L.M.
52
Anonymous. 1957.

Shellfish and sardinelike fish potential ex i i
. ] plored in eastern G
(M/V Silver Bay Cruise 2). Comm. Fish. Rev, 19(9): 31. Wil ok Mexico
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53
Anonymous. 1958.

Gulf of Mexico explored for hard clams and scallops (M/V Silver Bay Cruise
10). Comm. Fish. Rev. 20(9): 41-43.

Tows for hard clam were made between Cape Romano, Fla. and Anclote Keys.
Venus sp. was taken in all tows. Best catches were off Pass-a-grille Beach,
Venice,and Marco Island in depths from 16 to 22 ft (from a few clams to 1.5
bu/15 min tow). Clams were 2 to 4 1/2 in, 75% about 3 in. Yield was about
one gal meats/bu. Clams were held in a wooden tank in circulating seawater
for 15 days with negligible loss. Forty-six tows between Cape San Blas and
Horn Island in 20 ft of water caught no clams. - J.L.M.

54
Anonymous. 1958.

The commercial shellfishes of Long Island. In Report of the New York State
Joint Legislative Committee on Revision of the Conservation Law 1957-1958,
Legislative Doc. (1958) 11: 45-63.

(Abstracter's note: in addition to hard clam this document deals with other
molluscan species, and includes a section on nets used by commercial
fishermen and another on recommended legislation. Only specific references
to hard clam are included in this abstract.) Hard clam is normally found
in lower part of estuary, and infrequently in upper estuary or ocean.
Larval period may vary from 7 to 30 days depending on temperature. Tidal
flushing would remove fewer from the estuary when larval life is short.
Short larval period also may reduce predation and increase survival.
Between larval life and permanent setting clams may swim or crawl. Growth
rate and maximum size is related to food supply. Overcrowding reduces
growth. Hard clam can utilize dense concentrations of phytoplankton that
inhibit feeding of oysters. Hard clam in relict populations in Gulf of St.
Lawrence grow less than half as fast as those at Cape Cod. Sand favors
faster growth of hard clam than does mud. Hard clam lives at or near low
tide mark and down to depths of several fathoms. Throughout life clams
retain some powers of locomotion. If disrupted they can reestablish in the
substrate. Small clams can do this within minutes, larger ones in a few
hours. Hard clams have been found high up on beaches after storms.
Predation on small clams may be high because young predators are more
abundant than adults. Newly set clams suffer high mortality from this
cause even when adults are scarce. Hard clam matures in its second year
and can produce 2 million eggs at 2 1/2 inches long. Numbers of eggs
increase with size of female with no decline in quality. Hard clam may
live much longer than 12 years. There is no direct evidence that
exploitation affects propagation adversely. There is no evidence that
power dredging affects a hard clam fishery differently than bullraking.

The proposed law that prohibits taking of hard clam less than one-inch
thick is a conservation measure because in certified waters of N.Y. there
is no surplus of young clams for planting on leased grounds. There is
presently no simple, inexpensive method of populating barren areas with
young clams, although some hard clam farms are in operation. The future
does not appear bright for profitable commercial farming of hard clam.

- J.L.M.

55
Anonymous. 1960.

Proceedings at preliminary conference called by Governor Christopher DelSesto
of the State of Rhode Island with advisors in regard to oil pollution of
Narragansett Bay by "The Thirtle"; also as to the effect on marine life %n
the Bay. Sept. 8, 1960, State House, Providence, R.I., 29 p. (stenographic
record) .

The only substantive reference to Mercenaria mercenaria is a statement by
Prof. Steacy D. Hicks of the University of Rhode Island that after 25
washings of crude oil with water, the water is still toxic to marine life,
and will depress filtering rate of clams and quahaugs. - J.L.M.
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56
Anonymous. 1960.

Hard clams found in commercial quantities off North Carolina coast. Comm.
Fish. Rev. 22(2): 42-43.

Preliminary test fishing with a 1l4-tooth Fall River clam dredge from 10 mi
west of Beaufort Inlet to Cape Lookout, N.C. took Mercenaria sp. From about
4 mi west of the Inlet to Cape Lookout an extensive commercial bed was found.
Catch rates varied from 0 to 6 1/2 bu/30 min drag. Simulated commercial
fishing took 45 bu of 3 to 4 in clams in 6 hrs. South and southwest of

Cape Lookout Bight clams were taken up to 5 bu/hr. Seven stations south of
Drum Inlet yielded large quantities of dead shells but no live clams. Clams
were 2 to 5 in 1long, but mostly over 3 in. Yields were about 1 gal meats/bu.
- J.L.M.

57
Anonymous. 1960.

Savannah River-Cape llatteras offshore areas surveyed for fish and shellfish
resources. Comm. Fish. Rev. 22(10): 42-43.

In 29 drags with a l4-tooth Fall River dredge scattered individual live
Venus mercevaria were taken with dead shells in the vicinity of Bogue Inlet
and Cape Fear, N.C. No live clams were found off Cape Romain. - J.L.M.

58
Anonymous. 1961.

Fish and shellfish resources off coasts of North and South Carolina and
Georgia surveyed. Comm. Fish. Rev. 23(2): 26.

Clam dredging off Cape Romain to St. Catherine Sound with a l4-tooth
Fall River dredge in 4 to 8 fath took a few live Venus mercenaria 3-5 in
long. No clam beds were found. Large quantities of dead shells were
taken at some stations. - J.L.M.

59
Anonymous. 1961,

Survey of fish and shellfish resources off Georgia and Florida (M/V Silver
Bay Cruise 28). Comm. TFish. Rev. 23(4): 31-33.

The cruise covered the area between Fort Pierce, Fla. and Brunswick, Ga.,
but hard clam (Venus sp.) dredging was dcne only between Eau Gallie and
Jacksonville Beach. Hard clams were scarce. A few were taken in Cape
Canaveral Cove and 300 dead shells were brought up off Matanzas. - J.L.M.

60
Anonymous. 1961.

Fish and shellfish resources off North Carolina coast surveyed. Comm. Fish.
Rev. 23(5): 24-26.

Catches of medium-size hard clams, 2 1/2 to 4 1/2 in, off the Cape Fear River
ranged up to 44 clams/15 min tow. One live clam and dead shells were taken

north of Cape Lookout Shoals. In 4 to 6 fath north of Cape Hatteras only
dead shells were taken. - J.L.M.

61
Anonymous. 1963.

Seasonal distribution of royal-red shrimp and hard clams surveyed in Gulf of
Mexico (R/V Oregon Cruise 83). Comm. Fish. Rev. 25(2): 31-32.

Off the southwest coast of Florida dredging was done in depths of 3 to 5
fathoms. Most clams were taken off St. Petersburg (20 to 185 hard clams
3 to 5 in long/30 min tow). Heavy beds of pen shells (4trina rigida)
hampered sampling effectiveness. - J.L.M.
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62

63

64

65

Anonymous. 1970.

A study of the effects of a commercial hydraulic clam dredge on benthic
communities in estuarine areas - Florida. Fla, Mar. Res. Lab., Fed.
Aid Progr. Rept. (completion) 2-53-R, June 21, 1967 - June 30, 1970, 55 p.

It is assumed that this is essentially the same as a published report by
Godcharles (1971), with the same title, issued as no. 64 in the Marine
Research Lab., Technical Series. This is abstracted elsewhere in this
bibliography under the author's name. - J.L.M. and M.W.S.

Anonymous. 1970.

Cultures marines. Essais d'acclimatation du clam, Venus mercenaria,

en milieu lagunaire Mediterraneen. Science et Peche, Bull. Inst. Peches
Marit. 193: 1-13.

Describes work conducted from May 1964 to May 1969 under support from CNEXO.
Grand Etang de Thau was the principal site of experiments. Work ceased in
May 1969 because experimental clams were stolen in the experimental area and
considerable losses were suffered elsewhere through pollution. Difficulties
encountered were: problems of obtaining young clams, of finding a favorable
environment relatively easy of access, and various intrusions in the
experimental areas. DNone was considered insurmountable, however. The
experience suggested that the following requirements should be met: 1) an
experimental area of sufficient dimensions and with water deep enough to
diminish the probability of poaching; 2) examine the possibility of
operating in deep water in terms of setting; 3) authorize use of an
experimental basin like that at Bouziges, but larger and free from
pollution, and where renewal of water will be easier; and 4) ensure
surveillance and permanent control by a qualified person. - J.L.M.

Anonymous. 1970.

Crabs are serious predators of clams. Comm. Fish. Rev. 32(4): 18.

Rock crabs, Cancer irroratus, and mud crabs, Neopanope texana, are serious
clam predators. Rock crabs, as numerous as 4 per sq m, can destroy as many
as 25 10 mm long clams/hr; mud crabs up to 20 per sg m, can destroy up to
14 small clams (5 mm long) in 1 hr. Thus these two species of crab could
almost destroy a good commercial set of clams. ~ J.L.M.

Anonymous. 1971.

Maine Coastal Resources Renewal. Part 1. The Aquaculture component. State
Planning Off., Augusta, 46 p.

Aquaculture activities in Maine concerned with hard clam, Mercenaria
mercenaria, were: laboratory culture by the Dept. of Sea and Shore Fisheries
at Wiscasset; and survey of commercially important plants and animals by the
Darling Research Center of the Univ. of Maine, also at Wiscasset. Hard clam
prospers on shallow bottoms with little tidal scouring but good water
movement; is usually found between tides and on shallow gravel, sand, or
muddy bottoms. It is cultured by removing seed clams from exposed coastal
areas and redistributing them to reduce density and prevent winter exposure.
Hard clam is easy to propagate artificially. Can be dredged. Potential
exists in selected areas of Casco Bay. To improve yields it is being
cultured successfully in commercial laboratories. It cannot tolerate tidal
scouring. It is susceptible to predators and pollution, and to disease when
cultured intensively. Tradition is a major factor in creating markets.
Strong demand for clams in New England makes the area consume 1/2 of the
national production of clams, but recent pollution of many flats has.forged
the region to import 80% of its clam consumption. Hard clam production in
Maine has fallen from a peak of 590,000 1lbs in 1949 to a yearly average of
less than 3,000 1lbs in the last decade. The report considers potential and
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i i i s te: its
roblems, including legal and social aspects. (Abstracter's note:
gcientific stature is suspect because specilie 1s.used several times where
species is meant. Review by a competent biologist would have been
advisable.) ,- J.L.M.

66
Anonymous. 1971.

Ocean quahog becomes more important as surf and bay clams dwindle. Comm.
Fish. Rev. 33(4): 17-19.

"Once thought inexhaustible, resources of hard clams, @erqenaria‘mercenaria,
..... are dwindling rapidly; at the same time, demgnd is increasing con-
stantly." Narragansett Bay once was the best setting grounq for hard clam.
in the world. Blount Seafood Corp., Warren, N.H., once derived 76% of their
production from the Bay. Now they handle only a few thousand bushels.of
hard clam, and process ocean quahog, Arctica islandica, almost exclusively.
- J.L.M.

67
Anonymous. 1972.

Economic potential of clam operation. Va. Inst. Mar. Sci., manuscript
rept, 17 p. (apparently unpublished).

(Abstracter's note: the copy received through interlibrary loan did not
identify author, date, or agency.) Cost and return estimates were based on
culture of clam larvae and juveniles in a hatchery system, assuming the
operation would be in an area where clam culture technigues would work.
Hatchery costs were based on actual costs of construction in 1969 and 1970,
and equipment costs 1969-71. It is assumed, although the paper does not so
state, that the clam was Mercenaria mercenaria. Estimated clam production
of about 34.5 million clams was based on actual experience in the 1lst half
of 1972. It was concluded that the method used would provide some profit
potential, provided that unforeseen problems did not arise. Costs of

$29.9 million over a l0-yr period were estimated to produce average annual
profits of about $30,879 per yr. A similar economic survey of bay scallop
culture concluded that a modest profit would be realized. - J.L.M.

68
Anonymous. 1972,

Clams from poliuted areas show measurable signs of stress. Maritimes,
Grad. School of Oceanogr., Univ. R. I., p. 15-16.

Stress from hydrocarbons and other organic compounds dumped into the Provi-
dence River causes the meat to be darker, development of a ridge on the
inside edge of the shell, where the mantle retracts from the edge, and some-
times a mud-blister infestation which makes the inner surface of the shell
around the hinge look as if it has a thin smearing of brownish mud. The
clam may also have small pinhead-sized discolorations on the surface of the
inner shell. This mud-blister infestation is caused by a parasitic worm

not normally found in clams. The clam usually lives beneath the surface but
may come to the top when exposed to an irritant. Clams from polluted areas
have a smaller average size than clams from clean areas. (Abstracter's note:
this might be because no harvesting is allowed.) Kidneys of clams from
polluted areas are plugged with a black substance that is a residue of
organic compounds. In a normal clam the ratio by weight of taurine to
glycine is two to one. In clams from the Providence River, however, the
ratio is about five to one. Other reactions to stress are lower amounts of
carbohydrates and slightly altered fatty acid patterns. Clams from the
polluted area may die in 6 to 8 yrs. Healthy clams may live 12 yrs. When
the clams are kept in a clean environment for a year, most symptoms remain.
Some hydrocarbons are absorbed by bacteria, leaving a complex of organic
materials to be filtered by the clams. These are the irritants that start
the syndrome. One way to help the industry might be to leave the clams in
the River to provide a spawning stock. Much of the larvae will be carried
down to clean areas of the Bay. - J.L.M.
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69

70
Anonymous. 1973.

71
Anonymous. 1973.

72
Anonymous. 1974.

73
Anonymous. 1974.

74
Anonymous. 1975.

Anonymous. 1973.

Partial report of aguacultural studies conducted by the Maine Department of
Marine Resources (formerly Department of Sea and Shore Fisheries) based on a
five-year grant by Maine Yankee Atomic Power Company. Me. Dept. Mar .

Resour ., Augusta, 243 p.

The report contains some information on Mercenaria mercenaria. In Maine the
species is near the limit of its temp range, and it varies widely in abun-
dance for this reason. It is stated that correlation between sea temp and
abundance is 0.79 (Fp,99=0.47), and that the optimum average annual water

temp is about 9.3°C. Quahogs grew best in early summer in condenser cooling
water discharge, and least in ambient seawater. In summer, growth was best
in condenser water maintained below 23°C by mixing with ambient water. - J.L.M.

Engineering and technology. 8A. Aquaculture Marine Research 1973. NOAA:
621-637.

Investigation of the impact of a major flood on the fisheries resources and
environments of the Chesapeake Bay. VIMS Completion Report.

Hard clam populations suffered the least damage of all shellfishes. Mor-
tality in natural populations was 5% or less, although clams being held for
depuration suffered mortalities ranging up to 100% depending on conditions
on the depurating beds. Losses to individual firms were as high as $25,000.
- M.C.

The Fish Farming Market. Frost and Sullivan, Inc., 106 Fulton St., New York,
N.Y. 10038, 197 p.

According to Vondruska, John (1976). Agquacultural economics bibliography.
NOAA Tech. Rept. NMFS SSRF-703, p. 81, this publication contains information
on clams (species not given). - J.L.M.

The case for shucking off clams. The Consumer Newsletter Moneysworth 5(2).

This brief article in a somewhat sensational manner discussed the dangers of
eating raw or steamed clams or oysters. Although not specifically mentioned
by name, the article apparently encompasses both Mercenaria and Mya. - M.C.

Shellfish "farm": California hatchery provides clam, oyster seed for world-
wide market. Comm. Fish Farmer and Aquacult. News 1(6): 20-24.

International Shellfish Enterprises, Inc., of Moss Landing, Calif. produces
seed of 3 oyster species and 2 clams, including Mercenaria mercenaria.

Plans were to ship 10 million clam seed and 15 million oyster seed to points
in the U.S., Europe and the Far East in 1975. - J.L.M.
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75
Anonymous. 1975.

No title. Abstract in National Fisherman, June 1975: 3-B.

Increased yields and easier harvesting are claimed for a new method developed
at the New York Ocean Science Laboratory. Seed clams are enclosed in contin-
uous bags of "Vexar" plastic netting made by DuPont Co. Mollusks are fed
through a metal tube sleeved with the flexible netting. Mesh size is about
1/2-inch square. As the predetermined quantity of seed clams is fed they

bag themselves by pulling the required amount of netting off the outside of

the tube. - J.L.M.
76
Anonymous. 1976.
Growing your own clams and oysters. Univ. N. C. Sea Grant Program Newsletter,
July 1976: 1, 5.
Advisory agents are reluctant to advise people to plunge into oyster and
clam farming, since economic feasibility is still being tested. Clams like
shallow water with relatively high salinity, strong tidal currents, and
plenty of food. It must be in an area that can be observed and protected
from vandals. A pen must be built to keep out predators. Seed clams are
then put in the pen, then it is a matter of watching for holes in the wire,
removing crabs, raking off seaweed, and waiting 16 to 18 months for the
clams to grow to market size. The major question for viable culture is to
have enough survival to pay for pens and the lease, plus enough for a rea-
sonable profit. Clam rearing appears feasible provided the area is good for
growth. - J.L.M.
77
Anonymous. 1976.
Report on shellfish purification points up need for more research. Comm.
Fish Farmer 2(6): 40-41.
Listed also under Furfari, S. A. Abstract no. 460. - J.L.M.
78
Anonymous. 1976.
Bringing clams to the backyard in Buxton. Univ. N. C. Sea Grant Program
Newsletter, July 1976: 2.
Describes a project to raise clams (Mercenaria mercenaria). A pen was built
of treated wood pilings and vinyl coated wire. It was divided into 7 sec-
tions. Clams of various sizes were placed in each, 1/8 inch, 1/4 inch,
3/8 inch, and 5/8 inch. A lease for 5 acres has also been applied for. No
results are given. - J.L.M.
79

Anonymous. 1977.

Clam pearls are a rare but delightful find. Marine Resource Bull. 9(1),
Va. Inst. Mar. Sci., Sea Grant Adv. Serv,: 3.

Mercenaria mercenaria infrequently produces a pearl which is slightly softer
than the oyster pearl, but more varied in size, shape,and color. Such
pearls sell for about $35, usually to be set in jewelry. Some clam dealers
are said to hoard the pearls and shuckers have been known to hide them in
their mouths when they find them at work. Hard clam pearls are 1/4 inch or
smaller. They may be round or oval, but usually are slightly flattened
balls. Color ranges from white or rose to deep purple. Cooking destroys
gem quality. A pearl is formed when a parasite or other foreign substance
enters the mollusk. The clam tries to isolate the material with its shell-

forming substance. ©Not enough clam pearls are found to support a commercial
industry. - J.L.M.



80
Anonymous. 1977.

South Carolina survey locates subtidal clams. Mar. Fish. Rev. 39(11):
38-39.

The species is not identified, but it is almost certainly Mercenaria
mercenaria. An extensive survey, started in 1973 and 80% complete by the
time of this report, had located concentrations of clams in several areas
of the S. C. coast. Most clam resources of the State are in the intertidal
zone. The largest concentrations below low tide are in the Santee estuary,
and a hydraulic escalator dredge fishery has operated there since 1974. It
was not anticipated that the intertidal clam fishery could be expanded
significantly. - J.L.M.

81
Anonymous. 1977.

The effects of tropical storm Agnes on the Chesapeake Bay estuarine system.
Summary report. In The Effects of Tropical Storm Agnes on the Chesapeake
Bay Estuarine System. Chesapeake Research Consortium, Inc. Johns Hopkins
Univ. Press, Baltimore, CRC Pub. 54: 1-29.

The effects of the tropical storm on hard clam, Mercenaria mercenaria; blue
crab; and finfishes was minor and temporary. Soft shell clams and oysters
suffered heavy mortalities. Hard clams survived the fresh waters of Agnes
with one prominent exception. Clams relocated from the James River to the
York River to undergo a 3-week cleansing period suffered almost 50% mortality.
A combination of stress and low salinity apparently was responsible. Direct
loss was estimated at $42,410. - J.L.M.

82
Anonymous. 1978.

Louisiana holds promise as big clam producer. Natl. Fisherman Yearbook 58
(13): 182.

Describes the potential of the State for clam production: In the first
3 months of 1977 over 7,000 bushels were harvested experimentally. - J.L.M.

83
Ansell, A. D. 196l.

Reproduction, growth and mortality of Venus striatula (da Costa) in Kames
Bay, Millport. J. Mar, Biol. Assn. U.K. 41(1): 191-215.

The population studied was made up mostly of clams from a very successful
spawning in 1955, which increased the population a hundred-fold. Gonads
were ripe in late April to early May, when water temp had reached about
9°C. First spawning was on 20 May in 1957. Spawning was somewhat later
in 1958. Clams spawned at intervals through the season and spawning was
never complete. Ovogenesis continued through winter, spermatogenesis _
began shortly after the spawning season was over. Sex ratio was approxi-
mately equal, and no hermaphrodites were found. In the laboratory,
epidemic spawning occurred, stimulated about equally by either sex. No
spawning occurred in the laboratory at temps below 11°C, but observgt}ons
in nature suggested that it may occur at about 9°C. Eggs were fertilized
in the laboratory. Some larvae may set at a length of 190 p, but most at
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200-220 u. A few remained planktonic until 280 u. At 5°C larvae faile@

to grow. At temps from 10°C to 22.5°C larvae behaved normally: Mortality
was low at these temps but high at 5° and 26°C. Growth rates increased
with temp increase from 5° to 16°C. Maximum growth rate appeared to be at
about 18°C and growth was retarded above 20°C. In nature, spat grew to

0.1 to 0.3 mm before the first winter, then growth slowed or stopped.
Noticeable growth was restricted to May-Aug inclusive, and reached a max

in July. More or less well-defined rings on the shell are formed annually,
and can be used to estimate age. The 1955 set grew faster than clams.born
earlier despite the larger population. About 15% of the glams in their
first year of life were bored by Natica alderi, 5% in thelr.an, and 1-2%
in their third year. An additional 25% of the population died from unkngwn
causes. Experiments showed that mortality was not a function of population
density between 300 clams/m2 and 10,000/m2. Clams of the 1955 set grew
from a mean of about 9 mm on 23 Oct 1956 to 17.9 mm on 18 Feb 1959. - J.L.M.

84
Ansell, Alan D. 1961.

The functional morphology of the British species of Veneracea (Eulamelli-
branchia). J. Mar. Biol. Assn. U.K. 41(2): 489-517.

Venus casina, V. ovata,and V. fasciata were taken off the British coast
(exact location not cited) in stony or coarse gravel bottom. V. striatula
was obtained from Kames Bay and Hunterston Sands, Ayrshire. Some species
of Venus have short, fused siphons, which may be regarded as primitive in
the Veneracea. The genus contains shallow-burrowing forms. The ability
to move horizontally as well as ventrally in a soft substrate is retained.
Venus (= Mercenaria) mercenaria is not mentioned. (Abstracter's note:
Hillman (1963) says this paper also contains information on a 4th fold in
the mantle of other Venus species.) - J.L.M. and M.W.S.

5
Ansell, Alan D. 1962.

Observations on burrowing in the Veneridae (Eulamellibranchia). Biol. Bull.
123(3): 521-530.

Recordings were made of time sequence of movements of Mercenaria mercenaria
and 4 other bivalve species. All observations were on animals burrowing in
clean sand. The sequence is essentially as follows: 1) valves separate; 2)
foot is protruded, pointed with a probing motion; back and forth searching
motion continues until foot fully extended; tip of foot may extend to a
length equal to that of the whole animal; degree of vertical penetration
may vary considerably, depending partly on type of substrate; 3) heel of
foot is protruded vertically; 4) heel expands laterally and posteriorly so
that an anchor is formed; if substrate is firm enough, foot maintains this
position and shell moves; 5) valves open slightly; 6) siphonal apertures
close, and adductor muscles contract, reducing volume of mantle cavity;
excess water is forced out in a stream from anterior end just below
adductor muscle; presumably the pallial curtain (velum) maintains a seal
around foot and remainder of mantle edge during the operation; almost
immediately anterior pedal retractors contract and posterior retractors
relax, causing anterior end of shell to dip and posterior end to rise; it
is probable that contraction of anterior retractors is confined to that
part near its insertion into the shell; final movement takes place as shell
moves forward and down; foot remains in position of anchorage and more
distal portion of anterior retractors acts to draw body forward; at same
time elements of posterior retractors running downward and forward to base
of foot contract, assisting movement. At all times during the whole of the
digging period tips of siphons maintain contact with surface of substrate.
If contact is lost by disturbance or some other cause the sequence of
movements is broken. After completion of downward movement siphonal
apertures reopen. A short time later, if shell is completely buried,
apertures close again and siphons are slightly withdrawn then "stretched."
Apertures then reopen. Relaxation of retractor muscles and changes in
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shape of foot associated with anchorage are brought about by action of
intrinsic musculature of foot and visceral mass against a hydroskeleton
provided by blood filling the large sinuses. Downward movement is
associated with forward movement, so that the animal moves obliquely
downward. Forward movement is caused by asymmetry of foot as it protrudes,
the posterior end being anchored more or less immediately below posterior
margin of shell by the heel, while anterior end of foot is thrust forward
some distance. If downward component of movement is prevented, as on a
hard substrate, the clam moves horizontally. In both cases the shell

makes a rocking movement. Essentially the same actions are responsible

for horizontal movements of postlarval clams on hard substrates.

Variations in time sequence of digging activities come largely from
variation in time required for foot to obtain anchorage in the early

stages. Thus, early sequences take longer than later ones. This period
ends when hinge margin is level with surface of substrate. Then time
intervals between movements drop substantially, then slowly and gradually
increase until the sequence is complete. Total depths (to uppermost surface
of shell) reached by hard clams at completion of burrowing ranged from 1.4
to 9.2 cm for 84 separate trials. Gradual increase in time sequence, after
movements related to initial anchorage, may arise from a gradual increase in
resistance as the clam moves deeper. On the other hand, increasing time
interval could be ‘an expression of tiring. It has been suggested that
cessation of burrowing is caused by fatigue, but this is not likely, because
clams will burrow repeatedly if removed from the substratum immediately on
completion of a sequence. Because tips of siphons maintain contact with
surface of substrate and extension of siphons follows each downward movement,
cessation of burrowing may be a response to stimuli originating from siphons.
Stretch receptors and other proprioceptors may be acting. - J.L.M.

86
Ansell, Alan D. 1962,

The functional morphology of the larva, and the post-larval development of
Venus striatula (DaCosta). J. Mar. Biol. Assn. U.K. 42(2): 419-443.

Within the Veneracea the Family Veneridae forms a group of closely related
suspension-feeding bivalves, which have retained the ability to move hori-
zontally and vertically close to the surface in relatively soft substrata.
The Veneridae have evolved along unspecialized lines, and the slow rate of
metamorphosis to the adult form is associated with lack of special adapta-
tions. Venus (=Mercenaria) mercenaria is not mentioned. - J.L.M. and M.W.S.

87
Ansell, Alan D. 1962.

An approach to sea farming. New Scientist 14(288): 408-409.

Rate of increase of phytoplankton is controlled mainly by light intensity
and ambient temp. Nutrient levels in the sea usually are low, and dense
phytoplankton populations occur only rarely. Concrete 1,000 liter (220 gal)
tanks were built on the grounds of a generating station at Poole, Dorset,
England. Scrubbed flue gas was added as necessary to renew COp. N and P
fertilizers were added as sodium hydrogen phosphate and ammonium sulphate.

A "pure" plant crop was ensured by inoculation at time of fertilization with
sufficient algal cells to swamp competitors. The alga Phaeodactylum was
used because it tolerates extreme conditions and competes successfully with
all naturally occurring species that appeared in tanks. Artificial light
usually was not necessary because satisfactory growth was obtained almost
all year, except early in January. Even when water temp fell to 1°C growth
continued, although more slowly. The final crop at low temp may equal that
obtained in summer. Although this was batch culture, continued growth could
be obtained by harvesting frequently. Yields of up to 7.5 g dry organic
matter/tank/day in March and 16.5 g/tank/day in May-Aug were obtained.
Average composition of Phaeodactylum was 47% protein, 20% fat, and 6% carbo-
hydrate, with 27% ash. Calculated food value, about 4,000 calories/g, com-
pared favorably with many other plant crops and high proportion of protein
to dry weight was important. Under the most favorable conditions 80% of

the phosphate added may be returned, and a similar yield of nitrogen.
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Infection by Monas may seriously reduce a culture in a short time, but when

a Phaeodactylum culture is fast-growing, Monas is not a problem. Harvesting
and direct use of the phytoplankton crop presents problems, but feeding the

culture to Mercenaria (Venus) mercenaria, which can filter up to 2 liters

of water/hr, and is high priced, may solve the problem. - J.L.M.

88
Ansell, Alan D. 1963.

Seafood from industrial waste. Sea Frontiers 9(3): 178-185.

In England, COp from flue gas of an electric generating plant, water, simple
inorganic salts, and sunlight were being used to grow cultures of Phaeo-
dactylum tricornutum as food for Venus mercenaria in laboratory experiments.
Most efficient use of phytoplankton was obtained when it was added to the
water in low concentrations. Questions still needed to be answered before
full-scale pilot plant operations would be feasible. - J.L.M.

89
Ansell, A. D. 1963.

The biology of Venus mercenaria in British waters, and in relation to gen-
erating station effluents. Ann. Rept. Challenger Soc. 3(15): 38 (abstract).

V. mercenaria is distributed throughout Southampton Water in southern England
and has been recorded from Portsmeouth Harbor and the Newtown estuary, Isle of
Wight. Centers of maximum population density are Netley, Marchwood, and
Millbrook Point. Annual growth in length and weight is greatest in warm
water from Poole generating station. Clams there begin growth earlier in the
season and continue later. Differences in salinity or substrate type did not
appear to affect growth. In warm effluents clams came into condition earlier
in the season and reached spawning potential earlier. The peak was main-
tained slightly longer than at other sites, but spawning potential fell off
in July, remaining high elsewhere. In British waters V. mercenaria behaves
like an animal near the northern limit of its range. Effects of warm
effluents change this response to one typical of more southerly areas. Great
potential advantages were seen in controlled use of warm effluents. - J.L.M.

90
Ansell, Alan D. 1963.

Venus mercenaria (L) in Southampton Water. Ecology 44(2): 396-397.

Venus mercenaria had been known to occur in Southampton Water, the estuary
of the River Test in southern England. It also is found in the Solent, the
strait between Southampton Water and the Isle of Wight, and in Portsmouth
Harbour to the east. It is well established in the area, growth is rapid

in some places, and the species produces a spatfall in some years. The
detailed distribution is described. Clams placed in a laboratory tank,

from an ambient natural temp of 16°C to 18.6°C, spawned. Clams have

spawned in the laboratory at temps between 17.8 and 26.9°C with and without
stimulation by sperm suspension. Clams which spawned at 17.8°C had never
been in temps higher than 18°C and had been exposed to a rise of only 2°C
before spawning. This is lower than ever before reported and suggests that
the species has become acclimated to local temps, which rarely exceed 22°C.
Fertilized eggs have developed into straight-hinge veliger larvae within

48 hrs at 19° to 21°C and have been brought to setting, typically in 13

days after fertilization. Clams have been estimated from shell rings to be
5+, 9+,and 12+ yrs old, suggesting setting in 1955, 1951, and 1948. Age
distribution varies somewhat with locality. Size-frequency distributions are
given for three areas. The origins of these clams are obscure. Experimental
introductions have been made in Great Britain, but none is known in the
Southampton area. It is suggested that accidental introductions via the
galleys of transatlantic vessels is most likely. The time of introduction

is not known, except that it was prior to 1948. Successful establishment

and spreading may have been assisted by warm water from many industrial sites
in the area. - J.L.M.



91

Ansell, Alan D. 1964.

Some parameters of growth of mature Venus mercenaria L. J. Cons. 29(2):
214-220.

Most of the data reported in this paper were based on hard clams from the
area of the outfall of Marchwood generating station in Southampton Water in
southern England. Relationship between length and total weight was deter-
mined separately for adults and for laboratory-reared juveniles: adults,
log W= 2.8838 log L - 3.2869; juveniles, log W = 3,1422 log L ~ 3.6185.
For wet and dry flesh weight it was assumed that regression lines for all
W/L relationships should be parallel, and in the form log W = 2.8838 log

L - X, where X was calculated for upper and lower limits of possible values
from X = - 3.2869 (for total weight) using upper and lower of other weights
as percentages of total weight. When wet flesh W was 8% of total W, log Fy
= 2.8838 log L - 4.3838; at 25% of total W, log Fy = 2.8838 log L - 3.8890.
Dry flesh weight varied between 1.5% and 5.5% of total weight, and the
appropriate equations were: log Fq = 2.8838 log L - 4.5465; and log Fg =
2.8838 log L - 5.1108. Exact relationships depended largely on state of
gonads, which affected wet and dry flesh weights. Percentage wet flesh
weight increased progressively with increase in size of clam from Jan to
Mar 1962, but from June onwards percentage wet flesh weight was more or
less the same for clams of all sizes. The same variations applied to dry
flesh weights. Limits of total body nitrogen in relation to length were:
log N = 2.8838 log L - 5.6434, and log N = 2,8838 log L - 6.1108; limits of
total carbohydrate were log C = 2.8838 log L. - 5.0917, and log C = 2.8838
log L - 5.9647. Relationships between length and total volume, and length
and shell cavity volume, respectively were: log V¢ = 3.0497 log L - 3.7867,
and log Vg. = 3.1653 log L - 4.2652. The wide variation found demonstrates
the dangers of using such transformations unless the "condition" of the
animals is well known, in preparing the regression line and in the actual
experiments. Where only length is known for a given group of clams, the
only accurate transformations are to total weight, total volume, and shell
cavity volume. Position of the regression line within limits given here
depends on "condition", slope depends on relative condition of animals of
different sizes. - J.L.M.

2
Ansell, Alan D. 1964.

The clam and industry in Britain. Sea Frontiers 10(1): 48-55,.

Venus mercenaria has become naturalized after accidental introduction in
some European areas, notably in Southampton Water, England. Although the
clam is localized within the single estuarine system it has become the
dominant bivalve on many shores. History of the species in England began
with several accidental and deliberate introductions in the 19th century.
Live specimens were recovered from the estuary of the Humber in 1864 and
clams were taken at intervals until 1907. It is unlikely that it bred
there, and the colony was supported only by continued introductions from
the U.S. In 1869 clams were imported and planted at Reculver in Kent and
at the mouth of the Mersey. These clams did not survive. In 1883 another
attempt to introduce hard clams near Liverpool, this time in waters of
lower salinity, also failed. Other attempts in northern waters of Britain,
although clams survived for a while, did not develop breeding stocks. In
the early 1860s similar introductions were made in French waters. These
clams did not reproduce. Some 50 yrs later, however, successful intro-
duction was made at Charente-Maritime, which now supports the only hard
clam fishery in Europe. The colony in Southampton Water may have originated
from clams accidentally introduced with American oysters, or as some have
suggested, larvae may have drifted across from Brittany. The most likely
explanation is that clams may have been discarded from the galley of a
transatlantic liner, for which Southampton is a major port. There is some
evidence that the original introduction occurred prior to 1936 and that the
population remained at a low level for a time. Southampton Water is
moderately polluted, and the pollution-tolerant hard clam may have thus
been able to occupy the niche vacated by the less tolerant soft clam. At
Marchwood, near where the Test River enters Southampton Water, an electric
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Ansell, A. D. 1964.
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generating station has raised water temperatures by discharging saline
cooling water. This may have enhanced the environment for successful clam
spawning. The season of growth may have been extended by as much as a
month and the rate of growth in the growing season was about doubled. N9
evidence of increased mortality was found. Greatest effects were noted in
things like growth and condition, which are important in com@e;01al shell-
fish growing. The author suggests that these favorable conditions could
be used to advantage, combining them with hatchery culture and predator
control. - J.L.M.

Experiments in mollusc husbandry. Fish. News Internatl. 3(3): 216-219.

Laboratory experiments were conducted on Venus mercenaria fed with cultures
of Phaeodactylum tricornutum. The diatom was chosen because it is tolerant
to different and changing conditions, hence is relatively easy to culture.
As hard clams grow, rate of transport of water increases, so that a large
clam may pump up to 6 liters of water/hr. Below about 6°C most clams are
inactive, but above 9°C most are active. Rate of water movement increases
with temp within tolerance range of the animal. In winter, between Sept
and March or April, lack of food and low temps restrict clam activity.
Condition may remain fairly steady or fall slightly, and carbohydrate
reserves are used up gradually. When plankton is abundant in spring
response of clams varies with temp. Thus, if temp is too low, growth and
condition do not improve even if food supply is abundant. In warm water
from a power plant the period of growth is extended, growth is faster, and
condition and reproductive activity are affected favorably. By manipulating
water temp and augmenting food supply clams can be brought to marketable
size in half the time required under traditional methods. Possibilities
for such intensive culture, using warm water from power stations should be
studied on a larger scale. Seed can be produced in hatcheries. - J.L.M.

Ansell, Alan D. 1967.

Egg production of Mercenaria mercenarta. Limnol. Oceanogr. 12(1): 172-176.

Hard clams from Southampton Water, England, were induced to spawn in the
laborator¥. In two experiments the range of eggs spawned per female was
0.38 X 100-18.83 X 106 and 0.58 X 1006-29.93 X 106, respectively, and the
average number of eggs per female was 7.11 X 106 and 9.28 X 106. Shell
cavity volume of female clams was weakly correlated with number of eggs
produced, but number of times a female spawned was not related to number
of eggs produced. In the first experiment the clams were mostly smaller
than those used by Davis and Chanley (1956). The results were consistent
if the relationship between shell cavity volume and egg production is
extrapolated. In the 2nd experiment clam sizes were similar to those of
Davis and Chanley but number of eggs was still significantly lower. 1In
Southampton Water gametogenesis does not occur directly after spawning,
but in the following spring. Clams collected in January still must
undergo main period of gonad proliferation before spawning. Davis and
Chanley's clams were from Long Island Sound where gonad proliferation
resumes following spawning and continues until December. For these
reasons, clams from Long Island Sound would be expected to produce more
eggs than clams from Southampton Water collected in winter. - D.L.

Ansell, Alan D. 1968,

Defensive adaptations to predation in the mollusca. In Proc; Symp.
Mollusca, Pt. II. Mar. Biol. Assn. India, Mandapam Camp: 487-512.

This review paper states that Venus (Mercenaria) mercenaria avoids predation

by burrowing. The reference paper is abstracted elsewhere in this bibli-
ography. V. ovata and V. riomboides can leap out of the substrate. - J.L.M.
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Ansell, A. D. 1968.

The rate of growth of the hard clam Mercenaria mercenaria (L) throughout the
geographical range. J. Cons. 31: 364-409.

Published data on growth of hard clam throughout its geographical range are
reviewed and data transformed for comparative purposes. Local variation in
annual growth is extreme and is more or less the same throughout the con-
tinuous range of the species.  Growth occurred only in summer in the northern
part of the range, and throughout the year in the southern part. Optimum
temperature for growth was 20°C and no growth occurred below 9°C or above
31°C. The relationship of growth and temperature appeared similar throughout
the species geographical range. Deviations from the growth-temperature
relationship were interpreted as the effect of other factors such as food
availability on growth. Data for growth of Mercenaria campechiensis and

M. mercenaria X M. campechiensis hybrids are presented. Growth in these
clams increases with increasing temperature in the range 10-30°C. - D.L.

97
Ansell, Alan D. 1969.

Thermal releases and shellfish culture: Possibilities and limitations.
Chesapeake Sci. 10(3-4): 256-257.

Development of intensive shellfish cultivation requires 1) a reliable
source of seed, 2) systematic optimum conditions of culture for maximum
yield, and 3) application of techniques like selective breeding to improve
the stock. Use of waste heat may contribute to requirement 2. Warm water
can be used to provide an extended, or even continuous, growing period.
Observations on Mercenaria mercenaria at Poole, Dorset, and nearby control
areas has shown that for most of the year growth was limited by factors
other than temp, the most important of which was availability of suitable
planktonic food. The main effect of increased temp was to allow the
animal to utilize more effectively peaks of plankton biomass which occur
at times when normally clam activity was reduced. Thus, while irrigation
by warm water simulated conditions typical of areas farther south, the
water mass as a whole was not similarly affected, and the seasonal cycle
of phytoplankton biomass characteristic of inshore boreal waters remained
a limiting factor. Excess food was present only for short periods, and at
times food supply was insufficient to serve maintenance needs of clams at
higher temp. From Oct to Feb clams did not grow even at temps over 10°C,
and body weight fell. Optimum temp for shell growth was 20°C but condition
increased at lower temps, with optimum about 14°C. Thus, at optimum temp
for shell growth, meat yield may be decreased. Full potentiality of warm-
water culture may be achieved only with supplemental feeding, e.g., thermal
and nutrient enrichment are necessary. Growing and fattening may require
separate stages of culture. More rapid glycogen accumulation might be
obtained by controlled use of non-living food. Limitations of power plant
operation must be considered: water supply may be discontinuous and temp
may vary. Annual temp range may be extended to include higher summer temps
but retaining normal winter temps. Diurnal temp fluctuation may be greater
and abrupt temp changes more frequent than in nature. Thus, the species
used must have high temp tolerance. Another constraint is use of chemicals
to prevent fouling in the power plant. Other incidental additions, such as
heavy metals and radionuclides, must be expected. - J.L.M.

98
Ansell, Alan D. 1977.

The adenosine triphosphate content of some marine bivalve molluscs. J.
Exper. Mar. Biol. Ecol. 28(3): 269-283.

Total ATP (adenosine triphosphate) content of representatives of 23 bivalve
families varied from 1.26 to 0.26% of dry tissue weight. Four members of
family Veneridae were examined, but not Mercernaria mercenaria. ATP content
of these 4 varied from 0.18 to 0.82% of dry tissue. Highest values were in
muscle tissues. High maintained levels of ATP were associated with ability
of species to use energy rapidly for short periods, such as in escape
responses. Thus, some families have consistently more than average, and
some consistently less than average ATP values. - J.L.M.
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Ansell, Alan D.,and K. F. Lander. 1967.

Studies on the hard-shell clam, Venu¢ mercenaria, in British waters. III.
Further observations on the seasonal biochemical cycle and on spawning.
J. Appl. Ecol. 4(2): 425-435.

Clams were collected along the downstream bank of the outfall channel of a
power station in Southampton Water in the same area used in earlier studies.
From Jan 1963 to Oct 1964 percentage wet and dry flesh weight followed an
upward trend, with peaks in early June and Aug in 1963 and a peak in May in
1964. Trend in wet weight over nearly 2 yrs was from about 13% to about
17%. Trend in dry weight was from about 2.2% to about 3.6%. Spawning
potentiality peaked in early June, in Aug and in Oct in 1963, and in May in
1964. These trends were accompanied by a downward trend in water content

of flesh. Spawning invariably led to a rise in water content. Studies in
1961 and 1962 showed differences in cycle of condition changes between small
and large clams. No significant size difference was seen in 1963-64. The
autumn peak is more likely to produce a set of young clams. Total N content
reached a minimum between Nov and Feb and peaked in May or June. Total N
fell after spring spawning and rose to a second peak prior to autumn
spawning. In 1962 changes in carbohydrate and protein occurred together,
leading to the conclusion that this was related to development of gonad and
spawning, and that storage of reserve carbohydrate was not very important.
But in 1963 total carbohydrate rose rapidly in spring, but although N fell
at spawning, carbohydrate remained high until Nov. In 1964 carbohydrate did
not rise appreciably until July. Ash content of flesh showed no significant
cycles. The population studied is not characteristic of the whole clam
population in Southampton water because cooling water of the plant keeps

water temp higher. In other areas, away from influence of warm water, wet
and dry flesh rise to a peak in July-Aug, then fall. There is apparently
no spring spawning. Increases 1in organic production associated with growth

accounted for 64% of total production in 1962, 51.9% in 1963, 69.6% in 1964.
Losses from spawning were 1 g in 1962 and 1.4 g in 1963. Thus, total
organic material released as spawn was 26.5% in 1962 and 25.9% in 1963. By
the end of summer there is a net gain in stored reserves, accounted for bv
an increase in total carbohydrate content. In winter part of this reserve
is utilized. As carbohydrate is used up, water content rises, so the
change is not reflected in wet weight percentage. On a dry weight basis
gonad production is between 40 and 60% of total organic production each
year. Abcut 16% of total production may be used in winter, when metabolic
rate may fall to 5% of summer rate. Where natural populations of clams are
sparse, only intermittent spawning occurs, probably because not enough sex
products are produced to stimulate all clams to spawn. Spring spawning in
the area of the power plant does not produce recruitment for the clam
population as a whole because temp outside the warmed area is too low.
Years when successful sets have occurred have been years of hot, dry summers.
Water temp may act directly by determining whether eggs and larvae can
survive and grow. Low rainfall reduces flushing and aids retention of
larvae until setting. The good setting years 1955 and 1959 were anomalous
in seasonal pattern of zooplankton production and possibly also in
phytoplankton abundance. Zooplankton production was low in fall, hence
grazing of phytoplankton was reduced. Reduction in competition may favor
survival of clam larvae. - J.L.M.

100
Ansell, Alan D., and F. A. Loosmore. 1963,

Preliminary observations on the relationship between growth, spawning and
condition in experimental colonies of Venus mercenaria L. J. Cons. 28(1):
285-294.

Despite the commercial importance of Venus (Mercenaria) mercenaria in the
U.S5. few studies have been made of ecology and growth of adults. Major
works, abstracted elsewhere in this bibliography, are identified. Obser-
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vation of natural and experimental populations of hard clam in Southampton
Water and Poole Harbour in southern England showed that spawning and
growth were related to condition of clams in each population. In V.
mercenaria, unlike oysters, little storage of food reserves occurs, and
development of gonadial material takes place as and when sufficient food

is available. This has an effect on commercial fisheries, because hard
clams reach peak condition (which is a measure of the state of the gonad)
immediately before and during the spawning season. Environmental factors
appear to affect condition, growth and spawning similarly, so that in areas
where growth is early, fattening and ripening of gonad will occur early
also. Animals from a population with condition index less than about 12
(mean wet weight of flesh as a percentage of total wet weight of animal in
shell) were unlikely to spawn even when subjected to spawning stimuli,
although work in the U.S. and in England has shown that spawning can be
induced in winter when condition index is lower than 12. It would be
interesting to know whether the induction process produces a short rise

in condition index, or changes the physiological state of gonad development
only. - J.L.M.

Ansell, A. D.,and E. R. Trueman. 1967.

Burrowing in Mercenaria mercenaria (L.) (Bivalvia, Veneridae). J. Exper.
Biol. 46: 105-115.

Studies were made with new techniques based on measures of impedance,
hydrostatic pressure and displacement, which offered minimum disturbance
to normal activities. Digging cycle includes extension of foot, closure
of siphons, adduction of shell valves, and retraction of foot, in that
order. Digging period includes many digging cycles, which bring the clam
to its final position in the substrate. Closure of siphons and apposition
of mantle margins temporarily seals the mantle cavity to form a pressure
chamber. Adduction dilates distal portion of foot, aiding anchorage, and
ejection of water from mantle cavity loosens sand. Downward movement is
by passive dropping of the heavy shell into the fluid cavity formed at
adduction, and by active movement caused by contraction of retractor
muscles pulling the shell downwards toward the anchored foot. Strength of
pedal retraction is 5-6 g in a clam of 21 g in water. When shell is
completely covered by sand the opening movement of the ligament is too
small to open valves completely, and pressures generated by withdrawal of
foot and siphons in a secondary phase of siphonal movements supplement
action of the ligament. Burrowing movements of Mercenaria are compared
with those of 5 other bivalves. Greatest contrast was with Ensis.
Mercenaria is protected from predators by the heavy shell. Its response
to disturbance, which involves stimulation of siphons, is to withdraw
siphons and close shell. Burrowing occurs normally only after gross
disturbance when clam has been exposed on the surface of the substrate,

or in response to continued unfavorable conditions in the overlying water.
Penetration is made with foot extended ventrally, by antero-posterior
rocking caused by successive contraction of the almost equally sized
anterior and posterior pedal retractor muscles. (Abstracter's note:
maximum depth to which Mercenaria may burrow is not stated, but according
to the illustrations this appears to be only about 1/5th to 1/6th the
height of the shell from ligament to valve edge.) - modified authors'
summary - J.L.M.

Ansell, A. D., F. A. Loosmore, and K. F. Lander. 1964.

Studies on the hard-shell clam, Venus mercenaria, in British waters. 1II.
Seasonal cycle in condition and biochemical composition. J. Appl. Ecol.
1(1): 83-95.

Total weight of each clam was determined after washing in fresh water and
air-drying. Wet flesh weight was measured after a standard draining period
of about 48 hrs. Usually, air-dried shells also were weighed. Ash content
of flesh was determined after ignition at 800°C. For chemical determin-
ations one or more meats were homogenized. Lipid was determined by Soxhlet
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extraction with carbon tetrachloride or petroleum ether. Total N of flesh
was done after Kjeldahl digestion of 2 g of meat. Carbohydrate was
determined as glucose. Clams were taken from shore along the outfall
channel of a power station in Southampton Water. A few came from experi-
mental sites elsewhere. Condition was expressed as ratio of wet flesh
weight to total weight in percent. Condition was lowest, about 1l1%, in
Feb. Values rose through Mar to May inclusive, parallel with the rise in
spawning potentiality. Condition index reached a peak of 15.5% in early
June, as did spawning potentiality, then both values fell as spawning began.
In late July these values rose again, then fell to the end of Sept.
Condition index remained fairly steady during Sept to Nov inclusive, then
fell to a minimum in late winter. Dry flesh weight expressed as a per-
centage of total weight showed a similar seasonal cycle, from a minimum of
2 to a maximum of 3%. Condition may vary from year to year. Large clams
showed a different seasonal cycle than small animals. In winter, condition
was correlated positively with size. In spring, condition of smaller clams
increased relatively more rapidly, so that by early June all clams had same
average condition factor. Differences in condition between 1961 and 1962
appeared to be related to spawning potentiality, suggesting that 1962 was a

"good" spawning year, 1961 less favorable. No extensive spatfall was noted
in 1961. Biochemical analysis on clams collected on 3 April 1962 gave the
following results: small clams (2.5 to 4.5 cm shell length) - moisture

82.1%; protein (=Nx6.25) 11.1% wet, 62% dry; lipid 0.3% wet, 1.7% dry;
carbohydrate 3.3% wet, 18.4% dry; ash 1.6% wet, 8.9% dry. Large clams
5.75-9.5 cm) : moisture 81.1%; protein 11l% wet, 58.2% dry; lipid 0.5% wet,
2.6% dry; carbohydrate 4.2% wet, 22.2% dry; ash 2% wet, 10.6% dry. Lipid
showed little significant seasonal variation. Percent protein fell steadily
from maximum in Feb to minimum from June to Sept inclusive. Carbohydrate in
small clams rose from minimum in March to maximum in July; in large clams
carbohydrate fluctuated but showed no significant seasonal trend. Analysis
of adductor muscle, mantle, siphons, visceral mass, digestive gland, and foot
showed little significant seasonal change in most, with possible exception
of foot, mantle, and siphons, in which carbohydrate fell steadily from Jan-
Feb to May-June and protein rose. Lipid content of digestive gland was high
compared to that of other oraans, which agrees with its suggested function
in part as a site for fat storage. Gonad had much higher carbohydrate than
any other organ. Changes in carbohydrate composition of small clams
therefore must be caused by proliferation of gonad, arising from consequent
increase in ratio of gonad weight to meat weight. In other areas pre-
liminary analyses showed clams to have higher condition indices. It was
suggested that in sparse populations gametes are too sparse in the water to
stimulate mass spawning, thus spawning rarely occurs and loss of condition
is slight. Some conclusions could be drawn from the study about organic
production represented by gonad development and the contribution of this

to total production from all growth processes. During 1962, a 4 cm clam

of 2.4 g initial wet meat weight added about 2 g organic wet material by
growth. 1In this period gonad material of about 3 g wet meat was developed,
of which about 2.6 g was released in spawning. Total increment retained

was therefore about 2.4 g wet flesh. About 52% of total organic production
was released as spawn. Contribution to organic production by gonad de-
velopment and spawning also can be estimated from changes in carbohydrate/
protein ratio. The estimate corresponded closely with that derived from

wet flesh weight. Male and female gonads when ripe may make up to 50% of
total body weight. There is apparently no antagonism between gonad de-
velopment and body and shell growth. - J.L.M.
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Ansell, Alan D., J. Coughlan, K. F. Lander, and F. A. Loosmore. 1964.
Studies on the mass culture of Phaeodactylum.

S5 : . IV. Production an i
utilization in outdoor mass culture. d nutrient

Limnol. Oceanogr. 9(3): 334-342.
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Ansell, A. D., K. F. Lander, J. Coughlan, and F. A. Loosmore. 1964.

105

Studies on the hard-shell clam, Venus mercenaria, in British waters.
I. Growth and reproduction in natural and experimental colonies.
J. Appl. Ecol. 1(1): 63-82.

An accidentally introduced, successfully reproducing colony of Venus
mercenaria in Southampton Water is compared with experimentally introduced
colonies in Poole Harbour and elsewhere. Temp is a major factor affecting
growth rate. Where animals are exposed to warm water from cooling water
outfalls of electric generating stations the season of growth is extended
and the instantaneous rate of growth increased. Exposure to warmed water
also produces an earlier build-up of spawning potentiality, and results in
a greater production of eggs. V. mercenaria in British waters behaves like
an animal near the northernmost limit of its range. The effect of exposure
to warmer waters of a generating station is similar to a shift southwards in
geographic range. This could be used to develop intensive culture. - J.L.M.

Arcisz, W., and L. A. Sandholzer. 1947.

106

A technological study of the ocean quahog fishery. Comm. Fish. Rev. 9(6) :
1-21.

This is a comprehensive account of status of knowledge of Arctica islandica
in the mid-1940s, including classification, anatomy, geographic distribution,
existing commercial fisheries, fishing methods, processing, food quality,

and bacteriological condition. It was located through the key word quahog.
Mercenaria mercenaria is not mentioned.

Arcisz, William, Elsie Wattie,and James L. Dallas. 1953.

Seasonal variations of coliforms and enterococci in a closed shellfish area.
Natl. Shellf. Assn., Convention Addresses 1951: 1-11.

Eel Pond, an arm of the sea with a narrow entrance, lies in the center of
Woods Hole, Mass. It is moderately polluted year-round, but pollution
increases markedly from June to Aug, with influx of summer visitors.
Surface water samples were taken at 6 stations at least once a month from
Aug 1948 through July 1950. At one station samples of 6 or more Venus
mercenaria were taken for bacteriological examination. Coliform MPN/100 ml
varied from 208 to 10,500 average monthly values. In general they were
highest in summer, lowest in winter, following trend of water temp. A
secondary peak in April was attributed to temporary increases in population,
as summer residents visited to inspect and prepare their homes. Average
monthly counts of enterococci varied from 1.0 to 119.0 MPN/100 ml, highest
in Apr, lowest in Oct. Coliform counts in quahogs were lower in winter,
higher in summer, than in the water. From Dec through Apr, coliform counts
in clams were considerably below the 2,400 MPN/100 ml Public Health Service
tentative coliform standard for shellfish other than oysters, while the
overlying water was in the grossly polluted range. Enterococcus values
were about the same in clams and water from Dec through Mar, then rose and
remained much higher from Apr through Nov. At the station near the entrance
to the Pond from which clam samples were taken, coliform and enterococci
counts were higher than at other stations. Salinities ranged from 27°/oo0
to 32°/00. Water pollution was correlated directly with size of human
population. But even in winter, when the population is at a minimum, water
quality does not decrease sufficiently to permit harvesting or marketing of
shellfish, - J.L.M.
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Armstrong, Lee R. 1965.
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Burrowing limitations in Pelecypoda. Veliger 7(3): 195-200.

Experiments were made on 10 clam species (Mercenaria not included) to
determine how clams, once in position and covered with sand, could elevate
themselves back toward the surface. It was demonstrated that clams do not
elevate voluntarily in their burrows. Directional movements were rota-
tional and downward only. All species studied, including Protothaca
staminea and Saxidomus nuttalli, which are similar in external morphology
to Mercenaria, were less dense than the medium in which they live, so that,
when agitated, they were buoyed upward. Clams subject to wave action can
regain normal posture as long as they are not buried with siphons down.
(Abstracter's note: It would be interesting to repeat these experiments
with Mercenaria mercenaria.) - J.L.M.

Arnold, Augusta Foote. 1901.

The Sea-Beach at Ebb-Tide. Dover Pubs. Inc., New York (reprinted 1968),
xii+490 p.

Hard clam ranges from Cape Cod to Florida in shallow, muddy bays and

estuaries or sandy open deeper bays or open ocean. Harvest is extensive
from Cape Cod to Cape May with rakes. Greatest length is about 3" and
height 2 1/2". The species increases in size and bulk toward the south,

sometimes reaching 5 lbs and 6" diameter. The shell is distinguished by
prominent umbones directed forward, heart-shaped lunule, external ligament,
concentric sculpturing of growth lines, pure white interior sometimes with
violet zones around muscle scars and margin, three stout cardinal teeth,
fine crenulation inside ventral margin, and sharp-angled pallial sinus.

- J.L.M,

Askew, C. G. 1972.

The growth of oysters Ostrea edulis and Crasscstrea Jtz1s in Emsworth Harbour.
Aguaculture 1: 237-259.

Hard clawms held in separate trays at each site became smothered with silt and
suffe;ed almost total mortality. Thus no results on Mercenaria mercenaria
were included. - J.L.M.

Atkins, Daphne. 1936.

On the ciliary mechanisms and interrelationships of lamellibranchs. I.
Some new observations on sorting mechanisms. Quart. J. Micr. Sci. 79(314):
181-308.

The lamellibranchs studied, in which Venus or Mercenaria were not included,
agree in having a sorting mechanism on the gills, composed of adjoining
tracts of frontal cilia beating in opposite directions on the same gill
filament or leaflet. The arrangement was somewhat different in different
groups. Tracts of fine frontal cilia, beating continuously, convey
particles intended for consumption, while tracts of coarse cilia, fully
active only when stimulated, transport material intended to be rejected.
Although these tracts function to sort food, their chief value may be to
remove from gills mud or sand which appears in the water periodically.
When coarse cilia of rejection tracts are fully active, i.e., when much
material is dropped on the gill, they sweep everything in the direction
in which they are beating, especially if the particles have become con-
nected by mucus, overcoming by their greater strength the action of the
fine cilia of the food tracts. The paper is clearly illustrated with
many drawings. - J.L.M.
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Atkins, Daphne. 1937.

On the c@liary mechanisms and interrelationships of lamellibranchs.
II. Sorting devices on the gills. Quart. J. Micr. Sci. 79(315): 339-373.

$everal.species of Venus are mentioned, but Venus (Mercenaria) mercenaria
is ngt included. The paper is clearly illustrated and will be useful as
a guide to ciliary mechanisms in related species. - J.L.M.

112
Atkins, Daphne. 1937,

On the ciliary mechanisms and interrelationships of lamellibranchs.
III. Types of lamellibranch gills and their food currents. Quart. J. Micr.
Sci. 79(315): 375-421.

Seven main types of lamellibranch gill and their food currents have been
described and compared. Reference to Venus (Mercenaria) mercenaria is
through the work of Kellogg (1915), which is abstracted elsewhere in this
bibliography. Atkins says that Kellogg found frontal currents directed
ventrally on all gill lamellae of V. mercenaria, passing to the free edge
on all demibranchs. - J.L.M.
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Atkins, Daphne. 1937.

On the ciliary mechanisms and interrelationships of lamellibranchs.
IV. Cuticular fusion, with special reference to the fourth aperture in cer-
tain lamellibranchs. Quart. J. Micr. Sci. 79(315): 423-445.
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Atkins, Daphne 1938.

On the ciliary mechanisms and interrelationships of lamellibranchs.
VII. Latero-frontal cilia of the gill filaments and their phylogenetic
value. Quart. J. Micr. Sci. 80: 345-436.

Several species of Venus are mentioned, but not Venus (Mercenaria)
mercenaria. This paper and the others in the series provide a detailed
description of ciliary mechanisms and structure of related species,
illustrated with elegant drawings. - J.L.M.

115
Atkins, Daphne. 1943.

On the ciliary mechanisms and interrelationships of lamellibranch bivalves.
VIII. Notes on gill musculature in the microciliobranchia. Quart. J.

Micr. Sci. 84: 188-255.

116
Atlantic States Marine Fisheries Commission. 1958.

16th Annual Report, 79 p.

Records the request of the North Atlantic Section of the Commission to the
U.S. Fish and Wildlife Service to make a census of the hard clam population
of Nantucket Sound. This report also gives progress reports on clam investi-
gations and contains lists of publications of clam investigations personnel
from 1947 to 1957, and clam research project reports from 1948 to 1957.

All publications of the Commission should be consulted for references to
studies of Mercenaria (Venus) mercenaria. - J.L.M.
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117
Atwater, W. O. 1892,

The chemical composition and nutritive values of food-fishes and aquatic
invertebrates. In Misc. Doc. 274, House of Reps. lst Sess., 51st Congress
1889-90. Pt. XVI. Rept. Comm. Fish and Fisheries for 1888: 679-868.

Two samples of Venus mercenaria were examined, from Little Neck, N.Y.

(whole clams in the shell) and Islip, N.Y. (canned). The following analyses
are reported (whole clams first, canned clams in parentheses): number of
clams 20(25); total weight 1,907.5 g (409.5); average weight 95.4 g (16.4);
whole specimens, flesh 16.8% (50.55), liquids 14.91% (49.45). Total edible
portion 31.71% (100%), shell and other refuse 67.5% (0), loss in preparation
0.79% (0), water-free substance of flesh 3.66% (12.35), of liquids 0.73%
(4.69), of edible portion 4.39% (17.04). Flesh contained water 78.24%
(75.56) , water-free substance 21.76% (24.44); liquids contained water 95.12%
(90.52), water-free substance 4.88% (9.48); total edible portion contained
water 86.18% (82.96), water-free substance 13.82% (17.04). Proximate anal-
ysis gave for water-free substance in flesh N 8.52 (19.93), protein calcu-
lated as Nx6.25=53.25 (68.31), fat 3.39 (5.20), and crude ash 10.19 (9.53);
in liquids N 2.96 (6.88), protein 18.50 (43.00), fat 0.34 (2.73), ash 64.97
(34.43); in total edible portion N 7.60 (9.81), protein 47.49 (61.32), fat
2.88 (4.52), ash 19.28 (16.38). For fresh substance similar analyses gave
for flesh: water 78.24 (75.56), N 1.86 (2.67), protein 11.59 (16.70), fat
0.74 (1.27), ash 2.22 (2.33); for liquids: water 95.12 (90.52), N 0.14
(0.65), protein 0.90 (4.07), fat 0.02 (0.26), ash 3.17 (3.26); for total
edible portion: water 86.18 (82.96), water-free substance 13.82 (17.04),

N 1.05 (1.67), protein 6.52 (10.45), fat 0.40 (0.77), ash 2.¢& (2.79), and
extractives 4.24 (3.03). - J.L.M.

118
Atwater, W. O. 1892.

The chemical composition and nutritive values of food fishes and aquatic
invertebrates. U.S. Comm. Fish., Rept. 16, 679 p.

Data cited by Vinogradov 1953. - J.L.M.

119
Atwood, Roger P., James D. Cherry, and Jerome O. Klein. 1964.

Clams and viruses: Studies with Coxsackie B5 virus. Unpublished studies.
Communicable Disease Center, Hepatitis Surveillance Rept., U.S. Pub. Health
Serv., Atlanta, Ga., p. 26-27.

Experiments on Mercenaria mercenaria were made to measure rate of clearance
of virus from seawater and clam tissues. Distribution of virus in clam
gills was roughly the same as in whole clams. Distribution of virus in sea-
water and in whole clam with time was roughly similar. Titer of virus in
clam tissues increased in the lst one or two days, but remained well below
initial water titers. Titer in clams declined after 2nd day but somewhat
more slowly than in seawater, so that after 6th day the amount of re-
coverable virus in clams exceeded that of seawater. Incomplete studies
with polio virus Type I and clams also showed no higher titer in clam
tissue than in water samples. It was concluded that, although low titer

in virus may persist in clams somewhat beyond its extinction point in sea-
water, there appears to be no true concentration or multiplication of virus
in clam tissue. - J.L.M.

120
Avolizi, R. J.,and M. A. Nuwayhid. 1974.

Effects of crude oil and dispersants on bivalves. Mar. Pollut. Bull.
5(10): 149-153.

Experiments were done on Brachidontes vurtabilis and Donax trunculus.
Mepsemarip mepcenariz is not mentioned. Light Arabian crude was most toxic
to " nir, Corexit most toxic to the mussel. O0il also depressed significantly
the respiration of Brachidontes at sublethal concentrations. - J.L.M.



121
Ayres, P. A. 1975.

The quantitative bacteriology of some commercial bivalve shellfish entering
British markets. J. Hyg. Camb. 74(3): 431-440.

Samples were obtained from producers or wholesalers. Only six samples of
hard clams were treated, from a producer or wholesaler on the east coast.
No specific comments are given on these samples. The relation between the
numbers of non-specific bacteria growing at 20° and 37° appears to be a
useful measure for assessing the likelihood that raw shellfish are a public
health risk. - J.L.M.

122
Baab, Judith S., Gerald L. Hamm, Kenneth C. Haines, Arthur Chu, and Oswald A.
Roels. 1973.

Shellfish mariculture in an artificial upwelling system. Proc. Nat.
Shellfish. Assn. 63: 63-67.

A mariculture system was established in St. Croix using "artificial upwelling"
to obtain deep water rich in nutrients. Mercenaria mercenaria were grown in
sediment and wire trays. Diatoms were Bellerochea, Chaetoceros, .and
Phalasstioeira. After 60 days clams in trays had about a 9% increase in
weight while clams in sediment showed about a 14% increase., Clams in tanks
clegned every three weeks filtered cells with greater efficiency than clams
in tanks cleaned every one or every two weeks. After 29 days, clams in the
tank cleaned every three weeks had 9.5% increase in weight; clams in tanks
cleaned every two weeks had 5.2% weight increase; and clams in tanks cleaned
every week a 4.8% increase. F] hybrids (male M. mercenaria X female

M. campechiensis) grew 5 times as fast as pure M. mercenaria. - D.L.

123
Bader, Richard G. 1954.

The role of organic matter in determining the distribution of pelecypods in
marine sediments. J. Mar. Res. 13(1): 32-47.

Studies at Mt. Desert Island, Me. demonstrated that water depth and median
diameter and sorting of sediments are grossly related to density of pelecypod
populations. Finer and poorly sorted sediments of the deeper water have the
widest range of pelecypod densities. Organic content of sediments and its
decomposition apparently control pelecypod densities. As organic content
(food supply) increases, pelecypod populations increase until bacterial
decomposition of organic material becomes the major limiting factor, then

the population decreases. No specific mention of Mercenaria mercenaria.

- J.L.M. and M.W.S.

124
Bagg, James Francis, Jr. 1975.

A study of proposed alternate Long Island Sound bridge sites and their
projected impacts on the natural environment. Thesis presented in partial
fulfillment of the requirements for the Degree of Master of Science, State
Univ. of N.Y, x + 258 p.

Section III. Shellfish. Discusses the commercial and recreational importance
of the major shellfishes and points out where the major centers of abundance
are. The effects on hard clam are questionable. Recommendations are given
that would minimize the effects on hard clam. - J.L.M.

125
Baiardi, J., L. Curtis, J. Hurst, E. Premuzic, J. Wourms, E. T. Premuzic,
et al. 1974.

Occurrence of growth controlling agents in marine organisms. Species dis-
tribution and preliminary chemical data. Paper to be presented at the 4th
Food-Drugs from the Sea Conference, Univ. Puerto Rico, Mayaguez, 17-21 Nov.
1974. New York Ocean Science Lab. (NYOSL), Montauk, N.Y. (typed from
abstract), 2 p.
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Experimental data from NYOSL have shown a lack of specificity of anti-tumor
activity in various marine invertebrates. A possible growth control role of
components of crude and partially purified extracts is suggested. A low
molecular weight fraction which showed strong absorbance at 280 nm was
obtained. Extracts from 6 species, including Mercenaria mercenaria, yielded
a fraction which inhibited rate of production of red blood cells in mouse
hemopoietic system for inhibition or stimulation of erythrocyte production.
Active fractions contained similar and chemically related components; were
non-species specific; had wide phylogenetic occurrence (in a ctenophore,

sea star, tunicate, lobster, cod,and hard clam); and were capable of acting
on growth of normal cells. - J.L.M.

126
Bailey, K. 1948.

Tropomyosin: a new asymmetric protein component of the muscle fibril.
Biochem. J. 43: 271-279.

127
Bailey, K. 1956.

Invertebrate tropomyosin. Biochem. J., Proc. 64: 9.

Adductor muscles of many lamellibranchs contain components which give
characteristic X-ray diffraction and electronoptical patterns quite distinct
from those of mammalian skeletal muscle. Fibrils responsible for this pat-
tern are especially abundant in slow, smooth parts of adductor muscles.

The work described here was done on Pinna and oyster adductors. The protein
is a tropomyosin. It is even more asymmetric than rabbit myosin. - J.L.M.

128
Bailey, Kenneth. 1957.

Invertebrate tropomyosin. Biochim. Biophys. Acta 24: 612-619.

Tropomyosin was prepared from Pinna and Octopus muscle. The only mention
of Venus mercenaria was by reference to a paper by Kominz et al. (1957),
abstracted elsewhere in this bibliography and from a personal communication
from Dr. K. Laki. - J.L.M.

129
Baldwin, John,and Anne M. Opie. 1978.

On the role of octopine dehydrogenase in the adductor muscles of bivalve
molluscs. Comp. Biochem. Physiol. 61B(l1): 85-92.

High activity of octopine dehydrogenase in adductor muscles of bivalve mol-
luscs is associated with a dependence on anaerobic glycolysis during
swimming. Studies were done on Pecten alba. Mercenaria mercenaria was not
studied. - J.L.M.

130
Ball, Eric G., and Bettina Meyerhof. 1940.

On the occurrence of iron-porphyrin compounds and succinic dehydrogenase

in marine organisms possessing the copper blood pigment hemocyanin. J.
Biol. Chem. 134(2): 483-493.

Seven species, including Venus mercenaria, were investigated. Although
hemocyanin has been reported in hard clam tissue, its presence is doubtful.
Body fluid has a faint bluish color suggestive of hemocyanin, but its
presence was not confirmed. Heart and adductor muscles contain iron-
porphyrin compounds. Cytochrome spectra have been detected only in heart
tissue, and this tissue also contains appreciable amounts of succinic
dehydrogenase. Heart muscle also contains myoglobin, and adductor muscles
a hemochromogen which resembles myoglobin. Presence of succinic dehydro-
genase in adductor muscle is doubtful, - J.L.M.
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Baptist, John P. 1955.

Burrowing ability of juvenile clams. U.S. Dept. Interior, Fish wWildl. Serv.,
Spec. Sci. Rept. — Fish. 140, 13 p.

The paper deals with Mya arenaria. Mercenaria (Venus) mercenaria is not
mentioned. - M.W.S. and J.L.M.

132
Baptist, J. P., D. A. Wolfe,and D. R. Colby. 1976.

Effects of chronic gamma radiation on the growth and survival of juvenile

clams (Mercenaria mercenaria) and scallops (Argopecten irradians). Health
Physics 30(1): 79-83.

Lots of 30 clams each (mean length 10.8 mm) were exposed to 5 intensities
of gamma radiation for periods up to 14 months. Exposure rates ranged
downward from 37 rads/hr to a level slightly higher than background
radiation. Adverse effects on growth and survival occurred only at the
highest exposure rate. Growth slowed and then stopped at 12 weeks, but
this probably was caused by inadequate food. Survival was 100% up to the

4th month, then the group exposed to highest rate began to show some
mortality. - J.L.M.

133 i
Bardach, John E., John H. Ryther,and William O. MclLarney. 1972,

Aquaculture. The Farming and Husbandry of Freshwater and Marine Organisms.
Wiley-Interscience, New York, 868 p.

Chapter 37: 743-756. Culture of clams and cockles. - Clam culture is second
only to oyster culture in antiquity among agquatic invertebrates, but it has
never been as widespread or highly developed, perhaps because clams are
abundant and easy to harvest in nature. Clam culture in Japan is described.
North American oyster culture is quite primitive as compared with Japan, but
the U.S. has taken the lead in clam culture. Mercenaria mercenaria is by far
the most popular. The basic hatchery procedure is the "Milford method"”, with
which, by controlling water temp, it is possible to spawn hard clams any day
of the year. Quahogs are more tolerant of varying temp than oysters but not
as tolerant of low salinity. Swimming larvae can withstand salinities as low
as 15°/00 but successful hatching of eggs and development to straight-hinge
stage requires at least 22°/oc, Optimal salinity for development of quahog
eggs in Long Island Sound is 27°/co. Larvae are similarly plastic with
respect to pH, but a pH range of 7-8.5 is required for normal development.
Larvae develop normally at temps from 18 to 30°C, but optimum is near the
upper limit. At 30°C setting may occur 7 days after hatching, at 24°C 10
days may be required. Dissolved 02 concentration does not seem to be too
critical, but well-oxygenated water should be provided. Pumping and re-
spiratory rates are directly related to 02 demand. The lower the 02 the
harder the clam must pump, which reduces the energy available for growth.

At Milford, quahogs fed Scenedesmus obliquus in dried form grew nearly as
well as those fed live food. At 10°C hard clam larvae will ingest, but not
digest and assimilate, algae. At 15°C algae with thin cell walls only would
be digested. At 25°C quahog larvae can digest most algae. Seed clams
sometimes are planted in the natural environment as small as 3 mm long, but
it is preferable to hold them until at least 12.5 mm to reduce predation.

At present the center of the quahog industry in the U.S. is N.Y., where
growth to marketable size takes 5 to 8 yrs. The industry may shift to the
south to take advantage of faster growth. The world's first commercial clam
hatchery was established in Va. Hybridization of M. mercenaria with its
southern counterpart M. campechiensis has potential for quahog culture in the
south. Southern quahog grows faster but does not keep as well. Hybrids
appear to be intermediate in keeping quality out of water. Seed clams from
Milford, Conn. transplanted to Alligator Harbor, Fla. reached marketable size
in 2 yrs. Somewhat larger seed (33-44 mm) were market size in 8-10 months.
In Fla.salinity must be at least 25°/¢o and bottom firm. If water is too
shallow, high summer temp may cause mortality at low tide. Density of
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planting was important. Seed stocked at 750/m2 grew 0.6 to 0.7 mm/month, but
at 100 to 500/m? growth was uniformly good, 1.4 to 1.7 mm/month. Fences were
necessary to exclude predators. Without protection.none surv1Yed more than_a ,
few months. Principal predator was blue crab, Callinectes sapidus. Mortality
in fenced plots averaged 10%. The only other important prgdator was.Busycon

+ venzr’.~. In Va.predation has been controlled by preparing beds with
crushed oyster shell, crushed stone or pea gravel. At Mllforq quahog larvge
grew best in 5 ppm lindane. The authors express hope that this chemical will
not be adopted unthinkinaly by clam growers. Fences used to exclude predators
reduced water circulation, and a laver of soft sediment, presumably gengrated
i clams, developed. This layer did not appear to be detrimental, but it was
+5ted that siltation can cause 100% mortality under certain circumstances.
Expense of keeping seed in the hatchery until it is resistant to enemies is
recoynized as an economic constraint. In Fla.guahogs were _grown from.less
tharn 5 mm long to 10-15 mm at concentrations up to 5,000/m? in sanq—fl}led,
~csh-covered boxes. This may be too expensive for commercial application.
«uahog seed from Milford have been shipped to other places along the

Atlantic and Gulf of Mexico coasts, and to Japan, Europe, and the U.K. 1In
Ireland these were planted on bottoms where the favorite cockle will not

.row. At Poole Harbor, Dorset, England, hard clams have been cultured using
wiste heat, sewage, and flue gas, as a means of reducing pollution and
wroducing food. Clams grew more rapidly at all stages and spawned earlier

and more prolifically. In N. America and Europe, where clams are a luxury
¢50d, clam culture may be economically feasible. Genetic studies should.be
continued. A method for growing clams of uniform size also is needed.

= JaloM.

sarker, Richard M. 1964.
Microtextural variation in pelecypod shells. Malacologia 2(1): 69-83.

Studies were based on small numbers of 4 bivalve species, including lots of
15 Yo reenn’ s meresenariy from localities from Prince Edward Island, Canada
tc Florida. Dendritic crystallization of CaCO3 plays an essential role in
producing great textural variation. Growth layers fall into 5 cyclic
jroupings. One first-order layer contains 2 second order layers, 24 third
wrder, about 365 fourth order, and about 1,460 fifth order layers. These
censist of 3 ultra-fine elemental layers: 1) cryptocrystalline CaCOg3; 2)
tpague or semi-opaque conchiolin; and 3) conchiolin dispersed in a micro-
‘rvystalline aggregate of aragonite. A 5th order layer is a simple alter-
r.ation of conchiolin with one of the carbonate elements. The 4th order
layer is about 30 i thick and has exactly 8 elemental layers. The 3rd
¢ricr layer has an average thickness of about 0.5 mm and is created by a
~volic variation in thickness of the 4th order layer with a period of 15

layers. The 3rd order layer also has a dark phase of relatively thick
corposite and conchiolin layers alternating with a light phase in which

the cryptocrystalline layers are almost as thick as the others. The 2nd
orter layer has a normal phase in which numbers of conchiolin and composite

+lements exceed those of cryptocrystalline CaCO3, and a carbonate phase in
whih cryptocrystalline CaCOj3 elements are more numerous. This layer is
abyout 6.5 mm thick, and the normal phase makes up about 6 mm of it. The
lst order layer has an average thickness of about 13 mm and is characterized
by thickening and thinning of its 2 component layers. If these layers re-
flect environmental periodicities, the lst order layer represents annual
chanje of temp and salinity, the 2nd order equinoctial tides and storms,
the 41d the fortniyghtly tidal cycle, the 4th day and night, and the 5th
order layer the daily tidal rhythm., These growth layers are superimposed
4psn 2 main layers parallel to shell surfaces: 1) an outer main layer in
which crystals are small and growth layers thick; 2) inner or middle main
layer in which crystals are large and growth layers thin., Microscopic
measurements show that crystal size is related inversely to salinity and
thickness of growth layers directly to temp. There was no microscopic
evidence of complete cessation of growth, although summer layers may be
ten times as thick as winter layers. Mathematical evaluation by more
riyorous and extensive analyses are recommended. Conclusions should be
tested by laboratory experiments and further ecological studies. - J.L.M.
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: Barnes, R.S.K. 1973 "

The intertidal lamellibranchs of Southampton Water with particular
reference to Cerastoderma edule and C. glaueum. Proc. Malacol. Soc. London
40(5): 413-433.

Of some 80 invertebrate species recorded from intertidal areas of Southampton
Water (U.K.) over a 2 to 3 yr period, only 8, including Mercenaria mercenaria
(an introduced species) were at all frequent. Hard clam had replaced Mya
arenaria, a native species, which had recently declined drastically in numbers.
M. mercenaria supports a commercial fishery in the area. Size groups of about
60 mm shell height are selected out, cleansed by holding temporarily in clean
seawater, and sold. Distribution is not natural, for stocks have been
introduced on beaches in attempts to establish new breeding centers. The
species has maintained itself in its new environment, and all sizes up to
about 120 mm shell height were present. Because medium-sized clams are used
commercially, small and large clams predominate on most beaches. Hard clams
were present at all collecting stations, but were abundant only at three,
particularly at Cracknore Hard. The general lamellibranch fauna of the area
conformed to the sandy-mud variety of the Macoma balthica community, made
aberrant by presence of considerable numbers of hard clam. - J.L.M.

136
Barry, M. M., and P. P. Yevich. 1972.

Incidence of gonadal cancer in the quahog Mercenaria mercenaria. Oncology
26(1): 87-96.

Of 316 female M. mercenaria from Narragansett Bay, R.I. 12 had ovarian
neoplasms, including one which had neoplastic cellular invasion of the red
gland, heart, and genital pores. Of 223 males, 2 had testicular neoplasms
devoid of invasive properties. Morphological and nuclear cytological
characteristics of tumors were identical and of germ cell origin. Neoplastic
tissues in both sexes had many characteristics of mammalian germ cell tumors,
but the classical lymphocytic infiltration of connective tissue stroma and
arrangement of vesicular cells into lobules or strands were absent. Quahaugs
do not have a lymphocyte comparable to that of higher vertebrates, thus
absence of lymphocytic infiltration is to be expected. - J.L.M.

137
Bates, Hans A., and Henry Rapoport. 1975.

A chemical assay for saxitoxin, the paralytic shellfish poison. J. Agric.
Food Chem. 23(2): 237-239.

The chemical assay for saxitoxin has been successfully applied to a number
of shellfish samples. As a procedural test, the nontoxic Atlantic clam,
Mercenaria mercenaria, was subjected to the chemical assay. As expected,
no saxitoxin was detected. When the ground clam meat was treated with .
amounts of saxitoxin down to 0.004 ug/g the recovery was complete according
to chemical assay. - J.L.M.

138
Battle, Helen I. 1932.

Rhythmical sexual maturity and spawning of certain bivalve mollusks.
Contrib. Can. Biol. Fish., N.S. 20 (Ser. A, Gen. 17): 257-276.

Reports observations on Mytilus edulis, Macoma baltica (sic), Mya arenartia,

and Yoldia sapotilla. Venus (Mercenaria) mercenaria is not mentioned.
- J.L.M.
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Bauer, Beverly A.,and R. R. Eitenmiller. 1974.

Muscle arylamidase activity of several marine species. J. Fish. Res. Bd.
Canada 31(4): 445-449,

Arylamidases are enzymes that can hydrolyze amino acid-B-naphthylamides.
They are inhibited by puromyocin and can be differentiated from other
exopeptidases by this property. This study was part of a larger study of
enzymes involved in proteolytic breakdown of muscles of marine animals.
Quahog clam (presumably Mercenaria mercenaria, although scientific names
were not given) was among the 3 fishes and 3 invertebrates examined.

Optimum pH for activity was between 7.0 and 7.5, using alanyl-B-napthylamide
as substrate. Maximum activity of the clam was shown with leucyl-g-
naphthylamide. Puromycin inhibited the arylamidase. Apparently only one
arylamidase was present in clam muscle. - J.L.M.

140
Bauer, F. Robert. 1978.

R.I. shellfishermen organize, gain new allies in battle to save Narragansett
Bay clamming. Natl. Fisherman 59(2): 20.

By banding together and forming a Shellfishermens Association local operators
have been able to put political pressure on local and state elected officials
and kill a proposed bill that would allow building of depuration plants to
clean polluted clams. The shellfishermen argued that such plants would
remove the incentive to clean up the bay. The fishermen also believed that
pressure should be put on the City of Providence to modernize the sewage
system so that the upper Bay would not have to be closed down every time it
rains more than an inch. Even the old-time hand rakers are seeing the value
of joining together. - J.L.M.

141
Baughman, J. L. 1948.

An annotated bibliography of oysters with pertinent material on mussels and
other shellfish and an appendix on pollution. Texas A. and M. Research
Found., College Station, Tex., 794 p.

Abstracts are listed in alphabetical order by author. Some are extensively
summarized. Usefulness of the bibliography is enhanced by a rather detailed
subject and author index. References to Mercenaria (Venus) mercenaria are
abstracted elsewhere in this bibliography. - J.L.M.

142
Bayne, B. 1975,

Reproduction in bivalve molluscs under environmental stress. In Physio-
logical Ecology of Estuarine Organisms. F. John Vernberg (ed). Univ. S.C.
Press, Columbia, S.C., 259-277.

This is essentially a review paper, although some original data are included.
Some data are from unpublished work of others. It is not clear from the
context whether any new data of the author are included. Ambient temp and
food levgls synchronize different stages in bivalve gametogenic cycles.
Changes in either variable have limits, beyond which gametogenesis fails or
does not occur. Within these limits, animals show considerable tolerance
even under conditions of stress at which they have to utilize their own '
tlssue_resgrves to meet basal energy requirements. Under such stresses
fegundlty is reduced and vitality of gametes and vigor of larvae are impaired.
This may be at least partially caused by reduced synthesis of neutral lipid

in developing ova. References to Mercenaria mercenaria are limited to

ci;a;igns of work of other authors, abstracted elsewhere in this bibliography.
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Bayne, B. L. 1976.

Aspects of reproduction in bivalve molluscs. In Estuarine Processes. Vol.
l. Uses, Stresses, and Adaptation to the Estuary. Martin Wiley (ed).
Academic Press, New York, p. 432-448.

Mercenaria mercenaria, among other mollusks, has a swimming larva that feeds
on suspended particulate matter. About 52% of the energy available for
production, once the demands of maintenance have been met, is eventually
utilized in gametogenesis. This value probably increases with age. It is
consistent with a planktotrophic "strategy" characterized by high fecundity
and high metabolic cost. Mercenaria mercenaria in a mixed estuary usually
spawned at or just after low tide, which coincided with maximum water
temperature caused by heat brought down the estuary during ebb tide.
Discussion of energy (=nutrient) reserves, other seasonal physiological
changes, and relationships between adult condition and larval vigor do not
refer specifically to hard clam, but the following processes apply generally:
use of energy resources for reproduction takes the form of storage and
utilization of glycogen, coupled with an annual gametogenic cycle that
probably is synchronized with a variety of environmental factors. Details
vary between species, but all involved accumulation of energy when food is
abundant, for use in maintenance and gametogenesis. A mutual control of the
storage cycle between glycogen synthesis in the adult and lipid synthesis in
the developing oocyte may exist, based on neurosecretory hormones and blood
glucose levels. Physiological factors buffer gametogenic events from
environmental disturbance, although not always with 100% efficiency.
Included are acclimation of metabolic rate with changes in temperature, and
a switch mechanism that lets gametogenesis proceed to completion once
sufficient nutrient reserve has accumulated, even with short-term environ-
mental deterioration. Despite the buffering effects, stress on the adult
affects fecundity and vigor of larvae. Successful embryogenesis depends on
lipid reserves in the egg to bring the larva to the feeding stage. Lipids
also seem to play a role in larval growth. - J.L.M.

144
Bayne, B. L. (ed). 1976.

Marine Mussels: Their ecology and physiology. Internatl. Biol. Progr. 10,
Cambridge Univ. Press, xvii + 506 p.

This useful book, as its title implies, deals primarily with mussels, but
other bivalves, including Mercenartia (Venus) mercenaria, have been considered
when appropriate to avoid superficial discussion of certain subjects. All
references to M. mercenaria are from published papers abstracted elsewhere

in this bibliography. - J.L.M.

145
Bear, Richard S., and Cecily Cannan Selby. 1956.

The structure of paramyosin fibrils according to X-ray diffraction. J.
Biophys. and Biochem. Cytol. 2(1): 55-69.

Various molluscan sources have been used, but that preferred for extraction
of paramyosin is the "white" portion of the adductor muscle of Venus
mercenaria, because the protein is so highly concentrated there. The small-

- angle pattern then is overlaid only weakly with actin diffraction. The
wide-angle diffraction of paramyosin probably is of o-type, and supercoiled
a-helices must be involved. Cables of this type, about 1,400 A long{ may
extend over 2 cells. Other considerations suggest that the cgble units may
be aggregated into supercables essentially forming rather solid rods of about
100 A diameter. An alternative interpretation of the small—apgle Qlffractlon
would conclude that large particles are arranged helically, with minimum
helix diam about 150 A. The simplest particle connection would have 5 )
particles in 2 coil turns along 720 A of fibril or helif ax1§._ This view is
distinctly different from the suggested arrangement of "rods" in net-like
layers. The authors prefer the net-of-rods model over the particulate-helix
model and give technical reasons for the preference. - J.L.M.
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Becker, Dean Scott. 1978.

Evaluation of a hard clam spawner transplant site using a dye tracer tech-
nique. Thesis presented in partial fulfillment of the requirements for the
Degree of Master of Science, State Univ. of N.Y., ix + 63 p.

The hard clam, Mercenaria mercenaria, spawner transplant site of the Town of
Islip, N.Y. was evaluated with a water-soluble fluorescent dye tracer for 18
days. Dye was measured with a fluorometer from a small boat. The pattern

of dispersion suggested that the site is in an undesirable location for maxi-
mizing the set of larvae within town waters. An alternative site was recom-
mended, and ways in which Islip can maximize setting densities within Town
waters from planted spawners were suggested. - J.L.M.
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Beedham, G. E. 1958.

Observations on the mantle of the Lamellibranchia. Quart. J. Microsc. Sci.
99 (2): 181-197.

148
Behrens, William John. 1978.

Heavy metals in transplanted hard clams, . r-cvuria =ercenartz, in Great
South Bay, New York. Thesis presented in partial fulfillment of the require-
ments for the Degree of Master of Science, State Univ. of N.Y. x + 51 p.

Heavy metals are not considered in setting standards for hard clams in waters
closed to harvesting. Yet hard clam is known to concentrate heavy metals
from water and food. Digestive glands and kidnev of hard clam contain the
highest concentrations, and eating the whole organism enhances ingestion as
compared with eating only muscle. The study was undertaken to determine if
levels of Cu, Pb, Cr, Cd, Ni,and Zn are higher in clams from an area closed
to shellfishing, and if so are they depurated under current transplant prac-
tices. Clams were taken in Awixa Creek, marked, and transplanted to the
middle of the Bay. Variations in metal levels of clams from different areas
of the Bay were significant and may be caused by variations in availability
of metals or differences in biology of clams. Transplanted clams were
depurated of bacteria over a short period of time, but heavy metals remained
at their original levels or increased. The only metal that increased after
transplanting was Ni. - J.L.M.

149
Behrens, W. J.,and I. W. Duedall. 1979.

Heavy metals in transplanted hard clams, Mercenaria mcrcenaria, in Great
South Bay, New York. In Abstr. of Papers submitted for the 42nd Ann.
Meeting, Am. Soc. Limnol. Oceanogr., Mar. Sci. Research Ctr., State Univ.
of N.Y., Stony Brook, N.Y., June 18-21, 1979.

An area of Great South Bay closed to shellfishing had elevated levels of
heavy metals in hard clams and sediments. Clams were transplanted from this
area into the central portion of the Bay, which is open to shellfishing. No
depuration of Cd, Cr, Cu, Ni, Pb,or Zn was noted over 50 days, but signifi-
cant increases in total body content of Cd, Ni,and Pb occurred. Cd and Pb
levels were not elevated above natural levels found in the transplant area,
but Ni levels were approximately 56% higher. Transplanting may therefore
introduce hard clams with significantly higher levels of Ni into the har-
vestable resource. Cu, Pb, and Ni levels in natural populations of hard
clam decreased from May to July, then increased through September, reflecting

seasonal trends associated with biological processes of the organisms and
environmental factors. - J.L.M.
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Belding, David L. 1909. .
A report upon the mollusk fisheries of Massachusetts. Boston, Wright &
Potter Printing Co., 243 p.

Declines in the quahaug industry were noted in Chatham, Buzzards Bay, and
the Fall River district, among others. Causes were increased demand, over-
fishing, and water pollution. Other factors, such as climatic change, may
have played a part. Shellfisheries in Mass. are in a chaotic state, legally
and economically. Existing laws do more harm than good, and are direct
obstacles to improvement. Protection of the resource is a paramount
problem. All shellfish laws should be revised. Numerous examples of
inequity and irrationality are given. Two matters were stressed for
immediate attention: 1) shipping out of Massachusetts many thousands of
bushels of quahaugs to New York, where they were planted (under 1 1/2-in
legal size) and harvested a year later at yields of at least 5 bu for each
bu planted; and 2) lack of enforcement of the 1 1/2-inch quahaug law. All
the problems of the clam industry are summed up as "abuse of nature".
Conclusions and recommendations of this study were: the shellfisheries have
declined, causes were overfishing and unwise laws, the remedy is not to
check demand (as has been attempted) but to increase production by utilizing
vast barren flats, that present chaotic laws make this impossible, that there
is need of reform or shellfisheries will disappear, and that the first step
is to remove these laws to permit application of proper cultural methods.
The section on the quahaug industry (p. 36-~80) contains a detailed dis-
cussion, by areas, of the history and present status of the industry in Mass.
It was concluded that quahaug farming is practical and possible. Rates of
growth vary widely depending on water currents. Fastest growth recorded was
from 1 1/2 to 2 1/2 inches in a year and average growth between 1/2 and 3/4
inch per year, a yield of 3-5 bu/yr for each bu planted. (Abstracter's note:
this report was obtained from the Univ. of Mass. Library. It is well worth
reading because the problems more than 65 years ago were so similar to those
of today. We have not progressed very muc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>