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National Shellfisheries Association 
Atlantic City, New Jersey, Meeting, June 1944 

OYSTER CONSERViTIGN PROPLEMS ON THE POTOMAC RIVER 

oy David G. Frey 
Fish and Wildlife Service, College Park, Maryland 

The Compact of 1785 between Maryland and Virginia contains two sections which 
have greatly restricted the regulation and management of the oyster industry of the 
Potomac River: (1) any licensed oysterman of sither state may work in the central 

portion of the river, and (2) laws regulating tite fishery must be acted upon con- 
currently by both states before they are effective. The fact that the Meryland le- 

gislature meets only in odd-numbered years and the Virginia legislature in even- 
numbered years makes the problem especially difficult. The result is that there 
has been very little management of the Potomac River oyster resources except for re- 

gulating length of season and size of oysters which may be taken. The fishery has 
been essentially an exploitation of a natural resource with no serious attempt to 
increase the supply by means of recognized oyster management practices. 

No figures are available for the annual catch of oysters in the Potomac River, 
but the annual production has certainly declined from the 1,600,000 bushels estima- 

ted by Stevensen for the late 1800's. During the period 1870-1900 the entire Bay 
dredging flect of 400 to 600 boats was reported to work the river each fall. 

Not until 1912 were the first concurrent laws enacted regulating the oyster 
fishery in the river. These included a 23 inch cull law and establishment of a 
seed area in the upper part of the river. In 1928 at the request of both states, 
the U. S. Bureau of Fisheries surveyed the principal bars of the river and found 
them ali greatly depleted. As a result the river was closed to dredging in 1931 and 
has remained closed ever since. Illesal scraping and dredging, however, have been 
practiced on both sides of the river in spite of law enforcement attempts. One has 
only to examine the winter issues ci wishing Gazette and Atlantic Fisherman to learn 
how open and flagrant this violet ou nas been. 

Several good setting years in the early thirties produced some improvement and 
led to agitation to have the bars reopened to Gredging. In 1934 Virginia passed a 

bill permitting scraping in the Potomac River but Maryland has never concurred, »be- 
lieving that the improvement has not been sufficient to warrant the more efficient 
type of oystering. 

Early in 1942, the Maryland Department of Tidewater Fisheries requested the 
‘U. S. Fish and Wildlife Service to resurvey the oyster bars in the river to deter- 
mine if the amount of improvement since 1928 were sufficient to support dredging. 

This survey was begun in November 1942 and completed in July 1943. 

The Department of Tidewater Fisheries provided a 52 foot boat equipped with 
power winders and 3 dredges for use on different types of bottom. Each oyster bar 
was sounded out with a lead line and buoyed off. An approximate topographical sur- 
vey was then made using a taffrail log and the ship's compass. On a map of the bar 
constructed from these data, each credge haul was subsequently located in its proper 
position draw to scale. Per acre figures for numbers of marketable oysters, small 
oysters and spat, and volume of shells for each dredge haul were calculated from the 
dredging data and located on cutlines of the bars in the position of the correspond- 
ing dredge hauls. Areas of concentration were immediately apparent, permitting the 
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drawing of lines separating arbitrary isopopulation areas, somewhat similar to those 

established by Moore in his numerous surveys. 

First of all the survey demonstrated that oysters are not uniformly distribu- 

ted over a natural rock of appreciable size. For instance, almost a third of all 
marketable oysters occurred in the two highest isopopulaticn regions which comprised 
only 1/10 of the total area of the tars. Likewise almost 2/3 of 211 small oysters 
were found on 1/7 of the total orea, and 96% of the small oysters were concentrated 

on less than half of the total area co! the bars. 

In the second place the survey demonstrated that the numbers of oysters on the 
bars are still small ccmpared with potential and desired productivity. The entire 
3300 acres surveyed averaged cnly 10 bushels of marketable oysters per acre and 2200 

small oysters per acre. Half of the area contained only 4 bushels marketable oys— 

ters and fewer than 300 small oysters per acre. Greater concentrations of oysters 
were found, but the total acreage of these was small. For example, only 76 acres 
(2.3% of the total area) contained more than 30 bushels of marketable oysters per 
acre and 178 acres (5.2% of the total) contained more than 10,000 small oysters per 
acre. 

These figures are somewhat smaller than the actual numbers of oysters on the 
-bars because of the inability of the dredge to catch everything in its path, as de- 
monstrated by counts made directly on the bottom with a diving helmet. Unfortunate- 
ly, the efficiency of the dredge varied so greatly with character of bottom and size 
and type of oysters that no correction factor could be derived applicable to all the 

dredge hauls. 

However, since both the 1928 and 1942-43 surveys were made with the same type 
of equipment, the results are comparable. During the period between these surveys 
large oysters exhibited a 10-fold increase and small oysters approximately a 20-fold 
increase, but as previously stated the present populations except for limited areas 
are still very small. 

Various factors have affected the annual production and helped keep it at a 
low level. For all 3 years in which records are available--1928, 1942, 1943-- in- 
tensity of setting on natural cultch has been greatest near the mouth of the river, 
decreasing gradually towards the upper limit of the oyster area. Apparently, the 
lower half of the oyster region rescives a set almost every year, with the result 
that the oysters tend to be clussered. The upper portion of the river receives a 
set only occasionally, as in 1941; here the oysters usually are separated and well 
formed. Natural cultch is most abundant in the upper part of the river where set- 
ting is usually lightest. 

Sixty percent of the 1943 spat were attached to old oysters, most of which 
were of marketable size. Because of the difficulty of freeing spat from larger oys- 
ters, it is unlikely that more than a small percentage of the spat removed from the 
water during the past oyster season were returned to the bars. Hence, under the 

present management of the river, a large proportion of cach year's set is taken from 
the water before it can centribute to commercial production. 

Spring freshets and floods may affect the annual production of oysters in the 
river by influencing spawning and setting, but perhaps the main eifect is to cause 
occasional. mortality on the uppermost bars. The flood of 1936 is reported to have 

killed many oysters in the river as far downstream as Cobb Island Bar. It seems 
likely from the meager information available that the upper Limit of sustained oys- 
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ter growth approximately coincides with the average dowmstream extent of spring 

fresh water in the river. 

Other organisms can influence annual. production. The oysters on Wakefield 
and Old Farms Bars on the Virginia side cof the river were so thickly overgrown with 
bend-nose mussels that they had little market value this past season. 

In summary, the present system of management of the bars is inadequate to in- 
crease and maintain production above e scmewhat unstable low level, determined by 
various environmental factors anc the rate of fishing. The period from 1931 
through 1943, during which harvesting had been curtailed to tonging and illegal 

scraping, has demonstrated that the oyster bars by themselves cannot regain their 
former productivity. 

Certain areas in the lower part of the river where setting is adequate require 
more cultch and separation of the clusters of oysters. Extensive areas on the bars 
in the upper part of the river could be profitably planted with small oysters, and 
some areas on these bars should have sheEls planted to help reinforce the bottom. 

Improvements of this type require the expenditure of money, but past expe- 
rience has demonstrated that Maryland and Virginia cannot agree upon a civision of 
such expenses. It would perhaps be simplest for the bars on either side of the ri- 
ver to be under the complete control of the adjacent state, but this could not be 
accomplished without a revision of the Compact of 1785. It nas been recommended, 
therefore, that a bi-state commission of representatives from both Maryland and Vir- 
ginia be established with the power to regulate and manage the Potomac River oyster 
bars according to recognized principles of oyster culture and management. Continued 
study of the oyster biology is necessary to formulate management policies for the 
individual bars. 
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National Sheilfishcrics Association 

Atlantic City, Now Jersey, Meeting, June 1944 

ALABAMA PROCRAN OF REHAPILTTATION 

By vames B. Engle 
i) Biologist, J. 5. Mish and “uldlife Service 

Annapolis, Maryiand 

The fine oysters produced on the natural reefs of Alabama leave nothing to be 
desired but more of the same product. A recent survey of the reefs suggested a need 
for a program to increase production to an amount adequate to supply the oyster de- 
mands of Alabama, as well as the market furnished by nearby states for the same oys- 
ter. The reefs of Alabama have sufficient area and potential productivity to support 
a stepped up program part of which would be rehabilitation, and another part, of 
much more importance than the first, of cultivation. 

At present there is a low ,ield of oysters from all but a few reefs. The 
reefs that are maintaining a good supply of oysters both large and small are loca- 

ted mainly in the pass between Mobile Bay and Mississippi Sound. The large reef 
called White House, north of the pass and in Mobile Bay proper and another called 

Sand Reef also in the Bay, but south of the pass are two other sources of good 
yielding reefs. White House reef, however, is subject to freshet damage when the 
two large rivers that feed into the northern part of Mobile Bay reach excessive 
flood stages. Most of the above reefs grow oysters in thick clusters. The density 
of the growth is in itself an inhibiting factor in the process of producing quality 
oysters. On the other hand, this same oyster if transplanted or thinned out will 
improve in shape and market value by a margin that would more than compensate for 
the additional work involved. 

The seafoods section of Alabama Department of Conservation has recognized this 
and has provided for the removal of unculled oysters for transplanting during a por- 
tion of the winter and early spring. This, of course, is to encourage private en- 
terprise, and its indirect effect would be to thin out the overcrowded conditions. 
There is ample bottom within riparian jurisdiction for private interests to make use 
of part of this seed supply. The State, which controls all the bottom outside the 
riparian ownership, also provides for leasing of suitable areas for the development 
of private planting grounds in the public domain. From the evidence supplied by the 

State report for 1942-43 the area leased was sixty-four acres. In time and with 
enough encouragement more individuals will realize the advantages in oyster farming 
over wild fishing and participate in the cultivation of oysters. 

Of equal importance is a part of this same seed supply that could be used by 
the State to rehabilitate the low yield reefs situated in other parts of the Alabama 
public oyster growing region. In the past such a program has been promoted but not 
in a sustained way that would stabilize the supply. 

With the seed supply available it is now possible to look at another side of 
the Alabama oyster picture that showed up with startling clearness during the survey 
just completed. The reefs of the eastern portion of Mobile Bay also known as Bon 

Secours Bay were producing oysters in very limited numbers in proportion to the size 
of the area. The figures showing the actual population of the eastern reefs appear 
in the official report of the survey. It is sufficient here to say that the residue 
after the 1943-44 crop is removed will practically deplete the reefs. Furthermore, 
the number of replacement spat and oysters is also very small and entirely inadequate 
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to supply the quantity of oysters n°". “> equa’. what was taken off the Eastern Bay 
reefs. The oystermen fishing t!> — Secours Bay reefs did manage to tong oysters in 
quantities enough to get a finaneial reiveu sufficient to equel a day's pay even du- 
ring these times, only because of the ign, abroimaily high, prices paid for their 
oysters. Next year will be diffe2rent unless some steps are taken to replenish the 
marketable oyster population now gone, but by no mears forgotten. 

The above statement, while in part pessimistic, is made only as an opening for 
a suggested plan of State management and maintenance that should prove in my opinion 
advantageous to the parties involved from the State to the consumer. The State at 

present is doing a fine job of protecting, and within the means at its disposal, in- 
ereasing the public oyster heritage. A11 the shells of the present shucking season 
(1943-44) now belong to the State whc plans to return them to the public beds and 

bottoms. Many of these shells are already replanted and at the present time, we hope, 
are cotching spat so much needed. The beneficial results of this operation will be 
felt in subsequent years, for shell planting has proven its value in all oyster grow- 
ing regions, (a statement hardly necessary here however) and should also bring the 

same results to Alabama. 

Shell planting is insurance for the future but the need in Alabama is present. 
The depleted Bon Secours reefs need a transfusion which could be best accomplished by 
a seed planting program. The Bon Secours Bay area has no reef or reefs with enough 
young oysters to furnish the replanting stock, but there is ample seed on many of the 
reefs on the western side of Mobile Bay which actually needs removal for the good of 
the overstocked reef. With the State having full jurisdiction over the reefs, the 
task of replanting the seed becomes one of labor and timing. The earlier the work 
is done the less chance there is of seed mortality because of the heat. 

On the basis of my recent survey I feel that eventually the Bon Secours reefs 
could be restored by shelling and the judicious use of spawmers. The urgency of the 

‘situation, however, requires other treatment which might be called a compromise. 
The larger reefs should be divided and one portion shelled. Shelling, however, must 
be well timed to prevent fouling. A mud and fouling organism coating covers most of 
the shells and oysters on these reefs. It appeared from the few of 1943 oyster spat 
that were present, that the set occurred early in the summer during late May and 
June. The time could best be established by an oyster culturist on the beds and his 
calculations could make more certain a successful set by assuring the coordination of 
the shell planting with the approaching maturity of the swimming oyster larvae. I am 
convinced that a replacement supply of seed or setting oysters can be caught on the 
Bon Secours Reefs. 

The other portion of the reef can be seeded with unculled oysters from the wes- 
tern reefs and these oysters brought in will form the spawners needed. The thickness 
to plant the seed will depend on the supply but it is safe to put up to 150 barrels 
per acre on the reefs. The planting will be much less than the good oyster bottom 
can stand but ample to make oystering profitable during the next two years. 

The above suggestion, of course, is an initial operation in a program to make 
the reefs self-sustaining. After the seeded areas have been marketed within one and 
two years that area should be reshelled and the originally shelled area after two 
years would be ready to yield some market stock. The State would probably have to 
stagger the use of some of the reefs to permit an extra year's growth to accumulate. 

The Alabama oyster on some reefs reaches market size in less than eighteen months so 
it is perfectly feasible to expect some marketable return in two years from the 
planted shells. In my opinion, however, one more year of growth would make a more 
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desirable oyster and help to maintain the usual high quality of Bon Secours oysters. 

Culling some of the small oysters from the shells of the larger ones is often 
impossible, but at the same time the loss of these smal). ovsters when they die on the 
shell piles may be a factor in tie everi11 depleticr of a reef. In 1936 when I had 
the privilege of inspecting the reefs and the methode of oystering in these waters 
that loss appeared to me to be remediabie. It was suggested then that an effort be 
made to get these shells containing live small oysters back on nearby suitable bot- 
tom. I was gratified to see during this recent survey that this practice was in 
operation. The shucking house with a bed near the house inight well profit by saving 
the young oysters reaching it this way. At present the State is managing this ope- 
ratin.. 

kevuilding beds is important but costly. Maintenance once the reefs have been 
put in this condition would be cheaper and produce a more sustained production 
throush the plan outlined above. The oyster grown on the Bon Secours reefs is a fine 
shaped, fine flavored oyster, and if it is able to be raised there from the set col- 
lected on the planted shell it would be a source of satisfaction to many oystermen 
who make their living there. It would eliminate also a vast amount of sectional 
friction aroused when western oysters are transplanted to eastern beds. 

One more thing I must mention in the interest of the conservation of oysters in 
Mobile Bay, and that is to utilize to the fullest the oysters from White House Reef. 
The oyster here grows quickly and thickly but periodically flood waters from the 
upper Mobile Bay, which is fed by the Alabama and the Tombigbee Rivers, destroy large 
numbers of them. The reef rehabilitates itself quite readily after freshet damage. 
If these oysters are removed shortly after they set and planted on safer reefs it would 
conserve many oysters that have been lost in the past. ; 

In closing it is appropriate to say that Alabama has the potential facility to 
increase its production many fold through a planned program of State managed oyster 
cultivation. Some phases of it are under way right now, and the most recent report 
indicated an upward trend in production. In the course of time as funds and expe- 
rience accumulate, Alabama will be able to eat all of its own oysters it desires, and 
offer to other markets its surplus. 
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National Shellfisheries Association 
Atlantic City, New Jersey, Meeting, June 1944 

PROBLEMS OF REHABILITATION OF CHESAPEAKE BAY OYSTER RESOURCES 

By Farl i:. Galtsoff 

In Charge, Shellfishery Ir.ootigations, U. S. Fish and Wildlife Service 

The story of the oyster fishery of the Chesapeake Bay is a sad example of the 

_rise and decline of a valuable sea food industry which used to provide comfortable 

livelihood to thousands of citizens, spread the fame of Maryland and Virginia oys- 

ters to the remotest corners of the world by supplying the well known canned "Cove 

Oyster" and experienced a precipitous downfull. For instance, today not a4 Single 

oyster canning house is found in the City of Baltimore in which nearly three scores 

of establishments produced canned oysters in 1890. Statistical data show that be- 
tween 1880 and 1936-37 the total value of the oyster product, handled in this city 
alone, declined from $3,900,000 (in round figures) to about $1,500,000. 

This decline common for the entire upper part of the Bay has not been caused 
by natural changes in quality of the water or of the bottoms, the votential produc- 

tivity of which remains today the same as it used to be in the past. So far the 
inroads of domestic and industrial pollution in Maryland waters have been limited 
to the relatively small areas near larger cities and have not seriously affected 
the principal oyster bottoms. An entirely different picture is found in Virginia 
waters where thousands of acres of excellent oyster grounds were rendered unsvit- 
able for the production of oysters for market because of the increased domestic and 
industrial pollution. The upper part of the Bay has further advantage in being free 
of drills which annually destroy millions of oysters in the lower part. 

The-decline in the productivity of shellfish bearing bottoms ef the Bay has 
been the result of a disregard of the fundamental principles of conservation. For 
more than a hundred years the oyster bars and reefs of the Chesapeake Bay were sub- 
ject to fishing without consideration to the rate of natural replenishment and more 
oysters were taken annually than could »%¢ reproduced by propagation and growth. No 
wonder that many productive groun’s secame so depleted that their annuel productivi- 

ty of about 40 bushels per acre deelined to only a few bushels. The depletion of 
some of the grounds was so great that their self rehabilitation became impossible 

without replanting. No further proof is required, however, for a statement that 
through the application of oyster farming the productivity of oyster bottoms can be 
maintained on a sustained yield basis or even materially increased. Suffice to men- 
tion that private oyster farming in New England and in the Stete of Washington was 
very successful not only in maintaining high production levels but also in convert- 
ing many thousands of acres of non-productive bottoms into fertile farms under water. 

When the country is in need of protein food, the question who would produce it 
has but little significance. It is, therefore, immaterial from a national point of 
view whether oyster bottoms are cultivated by private vlanters or by the state go- 
vernments which have jurisdiction over the inshore fisheries. It is important, how- 

ever, that the existing oyster bars or reefs be efficiently utilized to permit maxi- 
mum harvesting without depleting tne resource. This requires introduction of an ef- 

fective system of exploitation and management. 

Since the public opinicn in the Chesapeake Bay States and specifically in Mary- 

land is opposed to private planting, the state governments have no other alternative 
but to enact a system of exploitation of public grounds which would meintain their 
productivity on a sustained yield basis. It is one of the purposes of the investiga- 
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tion conducted by the Fish and Wildlife Service in tne Chesapeake Bay to provide 
factual data necessary for the management of state oyster resources. 

Lack of seed oysters is at present the greatest handicap in the development 
of the oyster industry. It is a well know fact that certain areas are more adap- 
table to the production of seed oysters than to growing oysters for the market. 
It is our intention to locate these areas and to find out how by better timing of 
planting or by using collectors to produce more seed per unit area than can be ob- 

tained without the aide of these methods. 

Good oysters, like gcod vegetables and other crops, require good care. They 
should be properly thirmed to avoid overcrowding or they may be transplanted to 
special bottoms for rapid growth and fattening. The growing bottoms should be lo- 
cated and the conditions under which . ,stors would ripen and fatten should be recor- 
ded and analyzed. In the past m +; “silures in the cultivation of oysters were due 
to overcrowding; i.e., planting more oysters than the bottom was capable of support- 
ing. Whether any given bottom is good to grow 500, 1000, or even 1500 bushels of 
market oysters per acre must be studied and determined by experiment and observation 

It is expected that some of the questions will be answered in a short time while 
others will require time-consuming and intensive studies before the solution can be 
found. Thanks to the excellent cooperation offered by the State Commission of Tide- 
water Fisheries, the Maryland Department of Research and Education, the Virginia 
Fisheries Commission and a number of private oyster growers, the work will be car- 
ried out on a large and comprehensive scale commensurate with the importance of the 
project. The Service hasalready established field headquarters at Annapolis, Mary- 
land, for the upper part of the Bay and at Cambridge for the work to be conducted 
along the Eastern Shore, Tangier Sound and adjacent areas. Observaticns on time of 
spawning and setting of oysters and their growth on various grounds are being conduc— 
ted at several places in these two areas. 

Already interesting observations have been made in the upper part of the Bay 
where the raise of stage of the Susquehanna River has reduced the salinity at Lee 
Table and other bars to almost fresh water. Careful check is being made on the sur- 

vival of these oysters and the ripening of their gonad. It is expected that this 
summer observations will provide reliable information regarding the role of this sec 

tion of the Bay as a natural breeding area. 

The oyster studies in the lower part of the Bay consist primarily in determi- 

ning the degree and the trend of the domestic sewage pollution with special refe- 
rence to marginal areas which, it is hoped, may be saved to oyster growers if dis- 
posal and purification plants are constructed in the Hampton Roads metropolitan area. 
The losses sustained by the oyster industry of this section because of the pollution 
of water are very great. The U. 5. Public Health Service estimated that in 1934 the 
loss due to pollution amounted approximately to $570,000 annually. in present years 
the situation was greatly aggravated by a great influx of population and correspond- 
ing increase in the pollution of water. One of the aims cf the investigations con- 
ducted by the Service at Hampton, Virginia, is to learn more about the relationship 

between the varicus bacteria in the sea and the oysters and on the basis of these 
studies to develop a practical method of purification of shellfish. It is believed 
that some of the bacteria may be of great benefit to the oysters because they may 
contribute to the diet of the oyster larvae or adult, or help in converting into 
food materials the various substances which normally occur in the sea. Very little 
is known regarding these problems which will be studied frcm our headquarters at 

Hampton. It is hoped that these investigations will provide the data needed for the 
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protection and improvement of the shellfish bearing bottoms of the state and will 

lead to better utilization of the valueble shellfish resources and their eventual 

rehabilitation. 





National Shellfisheries Association 
Atlantic City, New Jersey, Meeting, June 1944 

FEEDING AND FATTENING OF OYSTERS 

By Dz. V. L. Loosanoff, Director 
and 

James B. Engle, Aquatic Biologist 
Fish and Wildlife Service Laboratory, Milford, Connecticut 

The oyster industry of New England, as well aos any other section of the United 
States, is faced with three basic problems, the solution of which should guarantee 
an abundant supply of good, marketable oysters. The problems are as follows: 

1 - to obtain regular and sufficiently heavy oyster sets to perpetuate the in- 
dustry. 

2 - to protect the set and young oysters against their enemies, chiefly star- 
fish and drills. 

3 - to condition adult oysters for the market. 

In recent years, the first two of wuese problems have received considerable 
attention, and definite progress i»s been made in these fields. The third problem, 

however, was studied less extensively and, as a result, we know comparatively 1lit- 
tle of the conditions which ere important in the fattening of oysters. 

It cannot be overemphasized that the condition of the oyster meats spells ei- 

ther success or failure for the oystermen. This is especially true for the men en- 
gaged in the cultivation and shucking of oysters of marketable size. An extra pint 

of meats per bushel of oysters often represents the narrow margin that means a pro- 
fitable year. 

In nature, the years of fat oysters are often succeeded by periods when the oys- 
ter meats are extremely poor. These periods represent a very serious handicap to the 
industry and, usually, result in financial losses. Naturally, the answer to the 
question as AS what conditions cause the oysters to become fat is of equal interest 
to practical oystermen and to scientists engaged in- the study of oysters. 

In an attempt to contribute to the solution of this problem, the authors under- 
took a study of the food, feeding and fattening of oysters. Although this werk, 
which began several years ago, is still in progress, some of the information already 
obtained may be of interest to the men engaged in the oyster industry. Short pre- 
liminary reports of our studies have already been published in Vol. 8&4 of ANATOMICAL 
RECORD, 1942, and in Vol. 4, No. 1 cf SOUTHERN FISHERMAN. 

The chief difficulty encountered at the beginning of our studies was the lack 
of a method which could enable the investigators to grow large quantities of plank- 
ton forms, considered as constituting part of the oyster diet. In a conference heid 
at Milford Laboratory in 1940 by members of the Division of Shellfisheries Investi- 
gations, the necessity for devising suck methods was strongly stressed. Somewhat 
later, the authors were fortunate enous. to develop a method by means of which a 
large quantity of various organici:s could be easily grown. This simple method was 
described in an article published in SCIENCE, Volume 95, No. 2471, 1942. It proved 

to be extremely efficient, and, as a result, we were able to grow thousands cf gal- 
lons of rich plankton cultures for our work. 
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After the development of this method, it seemed that the solution of the pro- 
blem was near at hand. It was thought that ty employing the method, the number of 
food organisms could be quickly increasecd to such an extent that a superabundance 
of plankton would exist in the water over the oyster beds. Therefore, the oysters 
would have enough, or more than enough, food and should fatten quickly. Unfortu- 

nately, further experiments showed that the problem was of a more complex nature 
than it appeared at first. 

In our early experiments, conducted at Milford Laboratory, the oysters were 
kept under such conditions that the food organisms were always present in very 
large numbers. Regardless of the abundant food, however, the oysters failed to 
develop fat meats. As a matter of vuct, they became progressively poorer, and if 

kept in water containing an extro.iciy heavy concentration of food forms, very often 
died. Strange as it seemed at that time, the animais fed smaller quantities of food 
showed less pronounced iil effects, Hao the oysters fed only a limited quantity 
of food did very well, and became fatter 

The results of the experiments at first appeared to be a paradox. They showed 
that the oysters in the midst of plenty were probably starving, while those given 
only limited quantities of food became fatter. This conclusion contradicted the 
established conceptions on the feeding and fattening of oysters and, naturally, an 
explanation was needed to clarify the confusing results. Such an Silene son could 
be provided only by an extensive series of experiments designed to study the feed- 
ing activities of oysters when exposed to different concentrations of microorgan- 
isms. A brief description of some of the experiments is given below: 

The animal used in our work was the common American oyster, Q. virginica, of 
Long Island Sound. The age of the experimental animals varied from 4 to 6 years. 
The microorganisms, the effects of wnich were studied, were (a) a green alga - 
Chiorella sp.; (b) a diatom - Nitzschia closterium; (c) a dinoflagellate - Proro- 
centrum triangulatum; and (d) a euglenoid - Euglena viridis. Thus, the selection 
of forms used included a representative species of 4 very common groups of organ- 
isms which are considered as constituting a large percentage of oyster food. The 
size of the forms varied from 5 microms, in the cese of Chlorella, to 60 microms 
in the case of BE. viridis. Such a selection of size was governed by the considera- 
tion that the size of the food organisms may have certain effects upon the feeding 
behavior of the oysters. These forms were identified by Dr. James B. Lackey of the 
U. S. Public Health Service, to whom the authors wish to express their thanks. 

Because of the limited time allowed for this report, we shall not discuss in 
detail the effects of all the 4 forms mentioned above, but will confine ourselves 
largely to a discussion of the experiments in which Chlorella was used. It should 
be emphasized, however, that, in general, a very great similarity existed in the re- 

sults obtained with the different forms. 

In the first rather exploratory series of experiments the oysters were exposed 
to a constant flow of Chlorella cultures of different concentrations. Prior to 
that, however, the oysters were kept in sea water for several hours to obtain a re- 
cord of their activities under normal conditions. In all heavy concentrations of 
Chlorella, the flow of water filtered turough the gills of the oysters markedly de- 
ereased. As compared with the quantity of water pumped by the same oysters prior to 
exposing them to Chlorella, this decrease varied from 69 bo 90 percent in very heavy 

concentrations, while in somewhat lighter cnes it ranged from 19 to 56 percent. 

Studies of the shell movements showed that exposing the oysters to heavy con- 
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centrations of microorganisms did ro. materially decrease the time the oysters kept 
their shells open. It revealed, nevertheless, that the type of shell movement was 
different from that observed while the animals were kept in running sea water. 

In light concentrations of Chlorella, as well as in the other microorganisms, 
the rate of water flow was not reduced. In some instances it was even greater 
then during the preceding period, when the oysters were kept in running sea water. 
The character of the shell movements of the oysters and the time the shells re- 

mained open showed no significant change. 

In view of the results obtained, it was thought desirable to determine more 
accurately the minimum concentrations of microorganisms unfavorably affecting the 
oysters. Therefore, a series of experiments was designed in which the animals were 
subjected to gradually increasing concentrations. In very light concentrations no 
appreciable change was noted. However, upon introducing medium heavy cultures, the 
rate of water flow produced by the oysters sharnly declined. A subsequent increase 
in the density of the cultures resulted in a further decrease in the rate of water 
flow. In general, the decrease in the rate of pumping became more pronounced as 
the concentration of microorganisms became heavier. In the heaviest concentraticn 
many individuals ceased pumping entirely, while in others the rate of flow was only 
from 8 to 21% of that recorded in sea water before the oysters were subjected to the 
experimental conditions. 

When, at the end of exposure, the oysters were again subjected to sea water, 
the rate of flow showed a marked increase. In many cases it was much greater than 
the original one. Such intensive pumping suggested an attempt by the oysters to 
cleanse themselves from the microorganisms which accumulated in the mantle cavity 
and gills. 

The oysters exposed to increzsing concentrations of microorganisms did not 
show a radical change in the percentage of time their shells remained open. Ob- 

servations on the shell movements, however, revealed two facts of considerable sig- 
nificance. ‘First, it was noted tit in several instances the shells of the oysters 
remained open for long periods, sometimes lasting several hours, while the animals 
did not pump any water. This observation showed rather conclusively that although 
the shells of the oysters are open, this fact does not always mean that the mollusks 
are feeding. 

The second ohservation indicated that upon the introduction of large numbers of 
microorganisms in the water surrounding the oysters, the shell movements of those 
animals became abnormal. They showed that the oysters were struggling against un- 
favorable conditions, ejecting large quantities of pseudo-faeces at very frequent 
intervals. The kymograph records of the shell movements closely resembled those ob- 
tained in the experiments now being conducted at Milford Laboratory in which the oy- 
sters are subjected to a heavy concentration of silt suspended in the water. 

In the next series of experiments the process of exposing oysters to different 
concentrations of microorganisms was reversed. The animals, after having been kept 
in sea water for several hours to observe their normal behavior, were subjected to 
decreasing concentrations of plankton. The first concentration, used immediately 
after the initial exposure of the oysters to sea water, was extremely dense. Contact 
with such a thick population of microorganisms always resulted in a rapid and marked 

decrease in the rate of pumping. In some instances it caused the complete cessation 
of pumping, as if the oysters were unable to cope with the mass of cells present in 
the surrounding medium. 



Apes iy bic 
Eide. pie =e 

cai apie 4 

aie eto tioned 

| | to Bue. od? Be 
wg SMS: Debian : Cee FF Beg a ean . ons sce & bowen pole 7 

: OF steteys, eid vv! Jawed dn: ingauneam stiles avinuedii dovd. .ome 

et “itves efdaee oid of Sedafuuooce dodde sanlaagmormda edt tot? eoules 
% 

y a ™ Tae arora 

. Wy RRO 

: ny eo) «i ; : “i ith ont a. 

te Spheaet yO os go pied. | 

Wi. See Jae : i 

wif Sats oem 2y . b afi? 2 

bedaotirn: motsay tesio BOOM, 
fy anibarncte: gether wit af ane ei : “ 
‘ i} bowosis gtk: «dicen Me 

¥ : wERE Sn ita d% 8.130 ee ey titeck 

eit to abaonsg. sqaypoeryl ad? 
ios .wiled. toa sigemimuges eet ¢ 

mt lage 5 wad DoF Secreta 

ve dress? Path oF 3 
Py 

apo. 

t x to bah ting eee. 
Wi. aa peter eS mye ead “te. 003 z 

‘of atabd. Lopsese. eel toms 
tnalg ko atone tots yokes 
“98 4 to 2 Seen sees. 



Loosanoff and Engle's Address--Page 4 

As the experiment progressed and the number of microorganisms became smaller, 

the oysters pumped more water. In general, the increase in the rate of pumping was 
rather parallel with the decrease in the number of microorganisms. 

The results of all these experiments could be briefly summarized as follows: 
the rate of water flow oroduced by the oysters usually decreased with the increase 
in the number of microorganisms present in the surrounding water. The size of the 
cells plays an important part in affecting the rate of pumping. 4 much greater 
number of small-sized cells, such as Chlorella, was necessary to produce the same 
effect as that caused by a small number of larger organisms, such as Euglena. 

As a result of the above mentioned, and many other, observations of a similar 
nature, it has become evident that the oysters are at a disadvantage when the sur- 
rounding water contains a large number of microorganisms. Additional experiments 
conducted in large outdoor tanks and aquaria, where the oysters were in contact with 
different quantities of food cells, fully supported this point. We were able to fat- 
ten the oysters by giving them relatively small quantities of food, but also were 
able to render them very poor, and sometimes cause their death, by adding a large 
quantity of microorganisms to the vater. 

Upon arriving at the above conclusions we communicated with Mr. Joseph Glancy, 
who is working with oysters in Great South Bay, and discussed our results. It was 

the opinion of all of us that the poor condition of the oysters of Great South Bay 
was due to the presence of large numbers of small plankton forms. Analysis of the 
samples of water sent to us by Mr. Glancy showed that the density of microorganisms 
in Great South Bay was greater than that which, according to our experiments, was 
safe for the healthy cxistence of oysters. 

By using our plankton culture methods, we succeeded-in cultivating the forms 
present in the water of Great South Bay, and subjected some of the oysters to va- 
rious concentrations of those microorganisms. We found that in strong concentra- 

tions the animals became extremely poor. In several instances the individuals de- 
veloped black gills, a phenomenon so well known in Great South Bay. In other cases 
we took the poor, black-gilled oysters and placed them in water containing but few 
food organisms. The animals rapidly recovered and became fatter, although the gills 
remained black for quite some time. 

The question which naturally arises is why the water of Great South Bay is so 
rich in plankton. Undoubtedly, the answer should be sought somewhere along the fac- 
tors which are responsible for a rich plankton growth. In the laboratory we ob- 
tained rich cultures by adding fertilizer to sca water. Is it possible that in the 
case of Great South Bay the abundance of small aquatic forms is also caused by an 
excess of some fertilizing substances? When discussing this problem at one of our 
meetings, the suggestion was made that the rich growth of plankton in the Bay is due 
to the large quantity of organic matter washed in from the surrounding areas, where 
numerous duck farms are located. Certain facts indicate that such a suggestion may 
be based upon a sound foundation. Tims, it is possible that we are facing a problem 
of over-fertilization of a body of water. 

fn explanation is, of course, needed to show why in the presence of a large 
quantity of food the oysters become poor, and even die. The answer is based upon 
the observation that when large numbers of microorganisms are present in the water 
they seriously interfere with the normal functions of the oyster gills. In filter- 
ing the water rich in plankton the oyster gills, which are very delicate and sensi- 
tive organs, become quickly clogged with the mass of food cells. This condition in- 
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terferes with the ncrmal feeding of the oysters and, to a certain degree, with their 
respiration. The records of shell movements obtained in our experiments, as well as 
direct observations upon the oysters, showed that when microorganisms are abundant 

the animals are largely preoccupied in keeping their gills clean. This is manifes- 
ted by the characteristic movements of the shells to expel large quantities of 
pseudo-faeces. At the same time no true faeces are being formed, this fact indicat- 
ing that the oysters do not feed. 

Examination of the stomachs of the animals kept in heavy concentrations of mi- 
eroorganisms showed the absence of focd and crystalline style. Obviously, regard- 
less of the abundance of food in the surrounding water, the oysters were starving. 

It should be made clear that these results were obtained in the experiment in 
which the oysters were kept in large quantities of water. This measure was found 
necessery to avoid the erroneous results and conclusions that might have been formed 
if the oysters were confined to several quarts or even gallons of the liquid. In 
such cases, the mollusks by forming large quantities of pseudo-faeces, might quickly 
reduce the concentrations of the cells below the danger level, and then proceed to 

feed in a normal way. This would be impossible if the oysters were surrounded by 

large quantities of water rich in microorganisms. 

In our studies it has been found that the Chlorella cells, if filtered off from 
their medium and then added to the sea water in which the oysters are kept, will re- 

duce the rate of pumping of the animals. This perhaps could be interpreted as a me- 
chanical interference with the pumping mechanism of the oyster. Such a conclusion 
is supported by the experiments now %clug carried on by Dr. Loosanoff and his assis- 
tants at Milford Laboratory, in weici, instead of plankton forms, various inert sub- 
stances, such as bottom silt, kaclin, precipitated chalk, etc., are added to the wa- 
ter to increase its turbidity. The results of the experiments also showed that the 
particles suspended in the water cause a reduction in the quantity of water pumped 

by the oysters. 

In still another experiment it was found that clear Chlorella filtrate from 
which all the cells are removed, would also reduce the rate of pumping, and notice- 
ably change the character of the shell movement of the oysters. Apparently, in 
this case, the action is chemical. Perhaps Chlorella cells, while in suspension, 
produce certain inhibiting substances which adversely affect the oysters. Experi- 
ments are being conducted to determine the exact nature of this substance, if it 
exists. Possibility of its existence is rather likely because of the observations 
of many other investigators on the mortality of shellfish and fish caused by the 
abundant growth of plankton. Incidentally, 2 recent interesting work by Pratt has 
shown that Chlorella cells form a very powerful growth~inhibiting substance which 
limits the growth of its ow population. 

Our laboratory experiments were to a large extent corroborated by observations 
of the conditions existing in nature. For example, as'is well known, the oysters of 
Great South Bay have been poor for a period of several years. Examination of these 
animals showed they were emaciated to such an extent that their meats were almost 
transparent. During the same period the water of the Bay was extremely rich in or- 
ganisms, which are thought to be used as food by oysters. Thus, the presence of a 
large quantity of food did not render the oysters fat. Mr. Glancy, with whom we had 

a number of discussions regarding our experiments, and who has observed conditions in 
Great South Bay for the past 20 years, has informed us that the animals usually be- 
come poor when microorganisms are present in large numbers. Perhaps there are some 
other undiscovered factors which contrilLute ts the poor condition of the oysters of 
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that body of water but the fact remains that the animals are in such a state re- 
gardless of the abundant food supply. 

As an example of the opposite case, we may mention Gardiners Bay, Robin Island 

Sound, Shelter Island Sound and othe: iocations of a more or less similar nature. 
Our own observations, as well as information obtained from practical oystermen, 
showed that the water in the areas mentioned above is very clear, apparently con- 
taining but a small number of microorganisms. Yet, as every oysterman of New Eng- 
land knows, these areas are famous as the grounds used principally for fattening 
oysters. Thus, in spite of the presence of comparatively small quantities of food, 
the oysters of these areas become fatter than those living in water much richer in 
plankton. 

In connection with this discussion it is of interest to mention that recent 
plankton studies in Long Island Sound, carried on by Dr. Riley (1941), showed that 

' plankton was least abundant during October, November and the early part of December 
or, in other words, during the period when the fattening of oysters takes place in 
nature. This fact appears te be of considerable significance, perhaps indicating 
nature's provision to create more favorable conditions for the oysters during their 
fattening season. 

In general, the results of our studies could be summarized as follows; in 
heavy concentrations of microorganisms the shell movements of the oysters become 
abnormal showing repeated attempts to expel the mass of food cells accumulating in 
the gill cavity. The shells may remain open for very long periods although no wa- 
ter is pumped by the animals. 

Medium concentrations cause a decrease in the quantity of water pumped by the 
oysters. Pumping entirely stops in very heavy concentrations. There appears to be 
a correlation between the number of microorganisms in sea water and the rate of 
pumping. 

In heavy concentrations little or no food is ingested by the oysters and the 
crystalline style is usually absent. The animals are preoccupied with the forma- 
tion of large quantities of pseudo-faeces in an attempt to cleanse their gills of 
the excessive accumulation of microorganisms. 

There are-more or less definite concentrations of food forms above which the 
number of microorganisms begins to interfere with the feeding of oysters. The 
animals kept in water too rich in plankton fail to fatten, whereas by subjecting 
them to the optimum concentration, which was usually light, a very noticeable im- 
provement of their condition is achieved. 

The results of these experiments place an entirely different aspect on the pro- 
blems of the feeding and fattening of oysters. It appears that in selecting the 
grounds for the fattening of these mollusks we probably should avoid the areas where 
the water contains a large number of plankton forms. We may also need to reconsider-. 
our previous conception that the addition of fertilizing substances to sea water to 
increase plankton production is a measure that will eventually result in the fatten- 
ing of oysters. It is even possible that in order to grow fat oysters, we may need 
to devise methods for decreasing the quantities of plankton over the oyster beds. 
The last suggestion is not as far-fetched as it may seem because Miyake reports that 
the chemical methods of treatment cf sea water were employed in Gokasho Bay, Japan, 
to protect the pearl oysters of that body of water from being killed by an excessive 
growth of microorganisms. 



RBS. ah & 

we eitisa oid YxiesgsweD got 



Loosanoff and Engle's Address--Page 7 

However, before forming final conclusions more research on the subjects dis- 
cussed in our paper is necessary. Thus far, our studies have been confined to oys- 
ters of the same general locality, living under approximately the same conditions. 
Therefore, we do not know whether or not the conclusions expressed above would ap- 
ply to oysters of other geographic areas, where environmental conditions are radi- 
cally different from those of the New England beds. For example, it is reported 
that in some places in the south fat oysters are found growing in very turbid water, 
and in water containing an extremely rich plankton population. Another example is 
provided in the case of the "claires" at Marennes and other places along the French 
coast where the oysters, although of different species than ours, are fattened in 
the presence of abundant supplies of diatoms, veridinians, algal spores and other 
microscopic vegetable matter. Obviously, further extensive studies are needed before 
final conclusions may be safely and correctly formed, and the principles developed 
applied in practice by oyster growers. 
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National Shellfisheries Association 
Atlantic City, New Jersey, Meeting, June 1944 

SOME OBSERVATIONS ON THE FOOD AND FEEDING OF OYSTERS IN CHESAPEAKE BAY 

By Dorothy Clum Morse 

The problem of oyster food and feeding habits has been studied by many investi- 

gators during the past fifty years in an effort to aid the oyster industry by find- 

ing a clue to the cause of fattening of oysters. Aside from its economic value, the 

problem is of scientific interest, not only to the oyster biologist, but also to 

those specialists who study plankton, the small plants and animals found drifting 

in the sea, and which oysters collect so efficiently. 

With the purpose of serving both the oyster industry and science, a program 

was resumed last fall at the Chesepeake Biological Laboratory in an effort to learn 
more about oyster feeding habits, which have not previously been studied extensive- 

ly in the Chesapeake Bay area. 

Starting in September, 1943, oysters have been collected from the local bars 

of the Patuxent River, where the salinity averages 14 parts per thousand, as com- 

pared with 35 parts per thousand in the ocean. Samples have been taken biweekly 
during periods of oyster activity, and less frequently during winter hibernation. 
Immediately after dredging, the oysters are opened and the stomach contents are 
removed by inserting a small pipette in the mouth of an oyster on the "half-shell." 
Samples from about ten oysters are put in a vial and preserved immediately with for- 
malin. The condition of the oyster is noted as very poor, poor, fair, fat or very 
fat. At the same time, hydrographic data such as surface and bottom salinity, sur- 
face and bottom temperature, wind, weather and tide are recorded. Whenever possi- 
ble plankton.samples are collected at the same time by towing a number 20 plankton 
net over the oyster bed or by obtaining a water sample which is later centrifuged. 

To supplement these studies in the Patuxent River, samples of oysters have 
been obtained whenever possible from varicus bars in Maryland waters of the Chesa- 
peake Bay. Most of these have becn secured under conditions which, unfortunately, 

prevent obtaining a plankton sample at the same time. 

In the laboratory, the stomach contents are carefully studied under the micro- 
scope and the dominant organisms are listed. An estimate of the percentage com- 
position of the food is made by counting 200 organisms and dividing by two. Organ- 
isms consistently found are diatoms and other algae, Dinoflagellates, Tintinnids, 
Silico-flagellates, Ostracods, eggs and larvae of marine animals, pollen from land 
plants, as well as broken pieces of plants and animals, sponge spicules and sand 
grains. On cne occasion oyster meats were a dark red due to the pigment of the Dino- 
flagellate, Exuviella apora, which was found in great numbers in the stomach. 

From samples collected to date, it is evident that the feeding habits fall into 
three distinct periods which coincide with the seasons. These different periods ap- 
parently are the result of fluctuations in water temperature and changes in the 

plankton population. 

Last autumn the dominant form found in stomach samples was the small diaton, 
Cyclotella striata, which often made up more than 80% of the food. This species 
with other diatoms and Dinoflagellates was eaten generally by oysters throughout the 
Bay area up to the onset of cold weather. It seems to be a favorable diet since 
the oysters improved constantly and reached their maximum condition of fatness about 
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the middie Jf November. 

With the approach of cold weather there was a steady decline in the amount cf 

food ingested, until the oysters Pave eo a ee f hibernation by the middie of 

December, The last sample which showed 2 f feeding was collected on De- 

eember “4, when the surfece water tempers .). Following this, 

"there wis a sudden decline in the water temperature, which fell below 500, (ile ae) 

and oysters taken en december 22 had empty stomachs. Inactivity continued through- 

out the winter until shere was a rise in tue water temperature in March. 

The first sample which indicated re aE EON of feeding was taken on March 17, 
when the water temper: ture on the bottom was 5. 2°C. since oysters showed no signs 

of feeding below this temperature, but resumed feeding when the weter temperature 
rose above 5°C. This agreeg closely with the findings of other investigators who 
have recorded 4°, 5°, and 7 C. es critical temperatures for feeding and muscular 

; mie Ns Pp ul 
movement. 

With the resump.ion of feeding activity, the oysters partake of different food 
than in the fall, because of the different composition of the plankton. In the 
early spring, Gauen. constitute the bulk of the food, with Cerataulina Bergonii 

and Nitzschia seriat:. forming as much as 90%. By the middle of April ;1 and iater the 
composition of the stomach samples changes. At this time, at least 50% of the or- 
ganisms ingested are Cyclotella striata, the same diatom that contributed most to 

the food in the fall. 

When oysters resume feeding, it is not a sudden change, but a gradual transi- 
tion. As the temperature rises, iore and more food organisms are found in the sto- 
machs, and simulatneously the oysters are improving. Below 10-12°C. very few or- 
ganisms were found in the stomachs, though feeding was in process since crystalline 
styles were found in some of the oysters. At these low temperatures the oysters 
were poor. However, when the bottom temperature increased toward 20°C., the oysters 
showed evidence of eating more and their condition improved, till they were fat and 
full of diatoms when the bottom temperature rose above 20°C. 

By comparing the food of the Patuxent River oysters with plankton collected 
over the bars, we get further indications concerning the feeding habits. The na- 
ture of the food taken by the oyster is, of necessity, determined by the composi- 
tion of the plankton; however, the same organisms are not always found in samples 
from these two sources. For one reason, the oysters do not ingest the large spiny 

diatoms, such as Rhizosolenia and large species of Chaetoceras, the larger Dino- 
flagellates such as Ceratium, or copepods. These organisms are seldom found intact 
in the oyster stomach, regardless of their abundance in the plankton. However, it is 
not uncommon to find that oysters have taken parts of these large organisms, such as 
copepod appendages and parts of the shell of a Rhizosolenia or a Ceratium. Appa- 
rently the size and awkward shape of these forms make them unsuitable as cyster 

food. 

There is still another way in which the oyster food differs from the net plank- 
ton. Oysters are able to collect nannoplankton, small organisms which ordinarily 
escape through the meshes: of a plankton net. This source of food is important du- 

ring some seasons, as last fall and this spring when oysters ate mostly Cyclotella, 
many of which are too small to be retained by a plankton net. For this reason it 
seems advisable to obtain a water sample for centrifugation rather than to rely on 
net plankton. 
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When centrifuged samples o: + icnkton collected over the oyster bar are compared 

with the organisms found in stcmachs, even these findings are not always in agree- 

ment. For example, on April 25, Cyclotella striata made up 50% of the organisms 

in a stomach sample, but only 5% of the plankton; and, Cerataulina Bergonii made up 

only 3% of the food, but constituted 79% of the plankton. Such extreme discrepan- 

cies seem to indicate that oysters exercise some selectivity in feeding. 

The resnlts of the present investigation to date indicate: 

1. There are certain changes in the feeding habits of the oyster, which 

include an autumn period of feeding and fattening, a winter period of hibernation, 

and a spring period of resumed activity. 

2. The boundary between periods of feding and hibernation is determined 

by temperature, which was about 5°C. or 41°F. 

: 3. The nature of the food is determined by the composition of the plank- 

ton, which differs markedly in the fall and early spring. 

4. Oysters do not ingest large and awkward plankton forms. 

5. There is evidence to indicate that, even among the organisms of suit- 
able size and shape, oysters may show "selectivity" in feeding. 

This investigation is still in progress and will be continued to obtain a more 
complete picture of the seasonal and annual variations in feeding habits of the 
oyster in the Chesapeake Bay. 
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National Shelifisheries Association 

Atlantic City; New Jersey, Meeting, June 1944 

OBSERVATIONS ON THE FATTENING OF OYSTERS IN GREAT SOUTH BAY, NEW YORK. 

By Joseph B. Glancy 
General Seafoods Corp. 

I. INTRODUCTORY: 

Fatness, in oysters, is a term used by oyster farmers to denote a condi- 
tion of plumpness of the meats, which at times, fill the shell cavities and attain 
solidity to such a degree, tnat the yield on shucking approaches 8 to 10 pints per 
bushel. Galtsoff (1) has stated the yield in various localities varies from 2.53 

to 9.89 pounds per bushel. Studies have been made which indicate that fatness is 

closely related to the glycogen, accumulation which reaches about 8 per cent in 
fat oysters as compared with 1 per cent in thin oysters. 

The variation in the yield of meats, oftentimes results in a grower in 
one oyster producing area with well~meated shellfish, having a great advantage 
over another in a region where oysters are poor. Furthermore, this variation may 
be emphasized because: 

Seal. Bat oysters are usually sssociated with increased shell 
growth which results in the volume of oysters taken from 
the beds being far greater. 

2. The cost of opening is less with fat oysters than with 
emaciated ones. 

3. Plump oysters are sortable inte higher proportions of "selects," 
“Nextras," and "counts," which command better prices. 

It is obvious that an oyster farmer may fail unless his crop fattens. 

Two remedies are available. First, he can allow the oyster to Lay until they im- 
prove, assuming his financial and business structure permits; or second, he can 

transplant to another locality where the water conditions are conducive to fatten- 
ing. While the oyster is perhaps the most studied scientifically of all the in- 
vertebrate animals, there is but little worthwhile knowledge of the water condi- 
tions which cause oysters to remain thin, or on the other hand, to grow well and 
fatten. The purpose of this study is to describe observations made for over ten 
years in Great South Bay, New York, correlating the conditions of oyster meats 
with varicus water factors. 

II. METHODS: 

Beginning in 1933 and continuing to the present, a record has been 
maintained of the meats of the oysters in Great South Buy, New York, at West 

Sayville. These are expressed in pints per bushel of drained meats. Medium 

sized oysters, in seventy-five pound bushels, were used for the determinations. 
Every few days, a sample of water, taken cff the breakwater of the Bluepoints 
Company at West Sayville, was examined for: 

: 1. Salinity 

2. Temperature 
Bly esl 
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4. Diatoms 
5. Microscopic swimming forms 
6. Small forms 

The term "small forms" is used to denote very tiny algae from about one 
to eight microns, components of the nannoplankton, and most of which encountered 
in this study, perhaps unclassified scientifically. These have an extremely im- 
portant significance to the problem of oyster fattening. 

The microscopic examination simply consisted of making counts at two magni- 
fications, 60X with a binocular, 120X with a compound microscope, of one cubic 
centimeter (c.c.) of straight sea water, contained in a Sedgwick-Rafter cell. A 
e.c. is about twenty drops. The Sedgwick-Rafter cell is a glass slide which holds 
the one c.c. within an area of 1000 square millimeters and a thickness, or rather 
hee of one millimeter. At first, various methods of concentration of the sea 
water were used, such as the plankton net, the centrifuge, filtration through pa- 

er, sand, or Berkefeld filter, but later, it was und at_concentration was in- 
onventon » scarcely necessary? Bee Leper aA Be is bP alt Phe Conca aen 

means, however, the Berkefeld filter was considered the best. The chief difficul- 
ties with concentrating sea water for microscopic examination is that the forms be- 

come massed in the detritus, and in case of swimming forms, such as many of the na- 
ked dinoflagellates, completely disintegrated. The advantage of the Sedgwick- 
Rafter cell is that it permits counts to be made on the swimning forms; e.g., dino- 
flagellates, zoospores, and protozoa by focussing through the ohe millimeter thick- 
ness of sea water, and also estimations of the small form, which stay suspended for 
several hours within the cell, and which easily pass through filters and centri- 
fuges. 

The crustacea, chiefly copepods, were counted directly by naked eye in one 
hundred c.c. of gnmple. The tiny nauplii larvae were not included. 

The diatoms, including the important filamentous types, were reported as the 
number of individual cells, which is perhaps not as significant as stating the re- 
sult in volumetric units to encompass the factor of size of the cells. 

Salinity 4s expressed as parts per thousand, and determined by titration with 
silver nitrate solution made up with 27.25 grams per liter. 

These observations are lacking in that rio measurements of turbidity of the 
water were made, but as the work progressed, it was realized that turbidity in 
sea water is of great significance in oyster feeding. 

No chemical studies were made as, for example, determination of nitrate, phos-~ 
phate, or potassium content of the water. These should be of value in future stu- 
dies. 

In order to summarize the mass of data, the results have been graphically 
stated on Keuffel and Esser One Year by Days graph paper No. 358-143L for contin- 
uous records of the various factors; e.g., temperature, salinity, pH, crustacea, 
swimming forms, diatoms, small forms, and meats. To condense the graphs into two 
charts per year for conveniently correlative purposes, it was necessary to assign 
for the ordinates, somewhat arbitrary units, obtained by doubling the value of each 

ascending division. Perhaps some basis exists naturally for this procedure, since 
most of these organisms, increase by cleavage of one cell to two individual cells. 
Thus, the graphs, for the microscopic water life are necessarily distorted, and it 

must be borne in mind that differences on the upper parts of the curves represent 
far greater number's than those on the lower. 
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III. RESULTS: 

1. Variations in Meats: 

The yield throughout the years varied from about 5 pints to 9.5 
pints per bushel. Each year, after spawning, it always dropped to 5 or 5.5 pints. 
Practicaliy no change occurred in the meats when the water temperatures were be- 
low 410, ordinarily the lest week in November to the last week in March in Great 
South Bay. The time of the year which we are mostly concerned with, in this study, 
is the period following spawning in the summer, until the winter hibernation, or in 
other words, the fall feeding season. 

Of the eleven consecutive years studied, oysters were fat—-meats 
average and above--8 pints or more, during five years, '34, '35, '36, '37, and 'Al. 
In four of the eleven years, '38, '39, '42, and '43, meats were poor, below ave- 
rage-- 5-6 pints. In the two remaining years-- '33, and '40-- the meats were in- 
termediate in fatness, 6 to 7 pints per bushel, which was just about the lower 1i- 
mit for satisfactory marketability. The best meats were encountered in 1941 and 
the worst in 1943. 

2. Small forms: 

By far, the dominating factor of the water conditions affecting the 
growth and fatness of oysters is the presence or absence of the small forms. These 
are tiny green algae, 1 to § microns in size, which at times saturate the water to 
the extent of 3,000,000 and more cells per c.c. giving the water a yellowish cloudi- 
ness and rendering visibility so low that a white disk, 6 inches in diameter, dis- 
appears from view when lowered to a depth of only 30 inches. The correlation be- 
tween the presence of small forms and thinness in oysters is perfect and striking. 

On the other hand, oysters always grew well, and almost always had fat meats when 
the small form was absent. Oysters futtened only slowly, however, in '40, when 
the water showed a marked paucity of all microscopic life, which was indicated by 
the extreme clearness of the water; objects on the bottom in season being plainly 
visible in depths of 8 and 9 feet. It is evident that turbidity measurements can 
be of considerable significance in the problem of oyster fattening. 

Usually, these small forms appeared in the water in May or June with 
temperatures of 60°F. and above, characterized by a typical, spherical type 3 mi- 

crons in diameter, reaching a peak during the summer, and gradually, almost disap- 
pearing in late winter. In 1933, they appeared suddenly in the first week of June, 
reached a peak of over 3,000,000 per c.c. in July, and began to diminish in August, 
and practically disappeared during the latter part of September, marked by an imme- 

diate increase in fattening of the oysters. This was the only year that it disap- 
peared during the fall feeding season. In '38, '39, '42, and '43, it persisted 
into the winter months, and oysters, consequently, remained thin during the fall 
and winter. Unlike most of the other microscopic life which appear, attain peak 
numbers, and practically disappear, seldom in periods exceeding several months, the 
small form remains in high numbers, perfectly in suspension, for seasons at a time. 

Small form growth was always found to be more luxuriant in the fresher water parts 
of the Bay, adjacent to the mouths of the rivers, and less towards the ocean inlet. 

At concentrations below 200,000 per c.c., oysters can grow and fat- 
ten fairly well. The effect of high numbers, one million and more per c.c., is to 
prevent the oyster from feeding. With such concentrations, it was not unusual to 
find one-half the oysters with empty stomachs and no styles, at water temperatures 
around 75°F., when feeding should be most active. Observations indicated that the 
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gills became clogged. The larger oysters seem to be more adversely affected by 
small form than the smaller, particularly in regard to sulphur sponge, the holes 
of which penetrate entirely through the shell, the oyster having but little ability 
to deposit protective shell layers. The meats remain watery and emaciated until it 

almost seems the oyster must die of starvation. All other lamellibranch shelifish, 

such as clams and mussels, are also innibited by small form. In '4l, a year when 
small form was absent, a heavy set of mussels occurred in Great South Bay, which 
grew very well until the following summer when they began to die. The mortality 
reached almost 100 per cent before the year ended, and could be reasonably attribut— 

ed to small form present in 1942. 

When the smail form occurs in high numbers, light penetration, of 

course, is considerably reduced, and tne oysters dredged are often of black color, 
as though taken from mud bottom. Heavy worm growths appear, particularly, the 

“sand coral," Sabellaria, and the calcareous worm, Serpule. Also, the dark hairy 
bryozoa, Amathia, grows luxuriantiy. Evidently, small form presents these animals 
with a favorable food supply. 

2. Diatoms: 

Many students of ovster food vroblems have stressed the importance 
of diatoms. In these studies, oyster fattening correlated fairly well with growths 
of filamentous diatoms such as skeletonema and chaetoceras but never when small 
form was present at the same time as in '33, '38, '42, and '43. The years '34, '35, 
136, '37, and '41 were all good fattening years with considerable skeletonema pre- 
sent. For example, during the fall fattening season in '36, skeletonema was con- 
stantly present in amounts varying from 300 to 9,000 cells per c.c., and oysters 
yielded almost 9 pints per bushel. 

In this work, diatoms are referred to only by genus, and there was 
no attempt to delineate species. Diatoms presented two chief types; first, the fi- 
lamentous, suspended type such as skeletcnema, chaetoceras, thalassiosira, and as- 
terionella, to name a few of the most common; and second, the single-celled, bottom 
type as exemplified by nevicula, pleurasigna, end gomphonema. The former correlate 
with oyster fattening; the latter do not. Skeletonema was the most common diatom. 

It is literally the grass of the sea. As pointed out by T. C. Nelson (2), it was 
observed to snow in abundance following severe storms. At times, particularly du- 
ring the winter when distoms annually in Great South Bay reach their maximum numbers, 
skeletonema is found at concentrations between 30,U00 and 40,000 cells per c.c. In 
every year, the same general diatom picture occurred--very high numbers during the 
winter, declining in the spring to almost none in summer, followed by an increase in 

the fall to the winter maximum, composed chiefly of the filamentous floating types. 
It is interesting to note that the highest numbers are in the water during hiberna- 
tion. The bottom diatoms, including filamentous varicties, melosira, and biddulphia, 

show up particularly during windy weather. 

While skeletonema correlates well with oyster fattening, chaetoceras 
‘was found to associate with extra good fattening. In the spring of '4l, oyster 

growth wes the most vigorous of any of the eleven years, and during thet period, we- 
had a maximum chaetoceras. Oysters at that time bore vivid, red streaks in the vi- 
cinity of the pericardium thought to be associated with deposition of pigment in 
muscle scar. This appearance, in such marked degree, is seldom seen in normally 
growing oysters. The correlation between fast growing, fat oysters and abundant 
chaetoceras is somewhat surprising, since students of shellfish feeding mechanisms 
have pointed out reasonably, that the long appended spines of this diatom would im- 
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pede ingestion as food. It may : t’.at some other factor is involved, such as me- 
chanical aid to the feeding mechanism, just as presence of the small form seem to 

cripple the oyster's ability to take food. 

Chaetoceras, ordinarily shows up to some extent every winter, but 
when it persists in quantity (300 to 6,000) cells per c.c. as it did in '41 into 
the summer months, it augurs for good, fall fattening. It is hoped investigators 
will attempt to check this observation, since it offers a method whereby cyster far- 
mers may be guided in their transplanting operaticns to insure excellent growth and 
fatness. 

On the other hand, the diatom nitzschia, a single-celled, suspen- 
dable form, showing up in quantity (1,000 - 3,000 per c.c.) in the summers of the 
poor fattening years, correlates as an indicatcr of untevoreble conditicns. It is 
generally minute in size, and seems associated with small form. Chaetoceras was 
scarcely ever present with small form. It would appear that water requirements for 
heavy growth cof this diatom are quite the opposite of those for the small form and 
the diatom nitzschia. 

3. Swimming forms: 

The microscopic life of sea water is quite complex, and particularly, 
the swimming elements composed of dinoflagellates, protozoa, zoospores, and larvae. 
The numbers in Great South Bay water are appreciable, varying from about 50 to 
around 20,000 per c.c. at times, present during all seasons of the year, but at the 
maximum during the summer. Occasionally, outbursts of dinoflagellates occur dis- 
coloring the water. Some of the naked forms are exceedingly fragile and dissolve 
in the Sedgwick-Rafter cell, almost before counts can be made. 

On the whole, no correlation wes found between the swimming forms 
and fattening. The studies indicate abundant swimming forms may cause thinness, 
This was supported by some laboratory observations in June '32, at which time the 
water in the Bay suddenly became discolored, .chocolate brown, which was found to be 
due to the dinoflagellate, prorocentrum, at a concentration of 10,000 per c.c. Oys- 
ters in the hatchery troughs, drinking normally, closed and did not feed while this 

water was allovied to flow through the troughs. 

4. Crustacea: 

Throughout the year, crustacea, chiefly copepods, may be found in 
the water from none to 300 per 100 c.c., but in aimost every year the greatest num- 
bers are found in the late winter and spring. A fair degree of correlation was ob- 

served between abundant crustacea and oyster fattening. 

As with the diatom chaetoceras, plentiful crustacea augurs for sub- 
sequent oyster fattening. Although T. C. Nelson has pointed out (3) oysters -can 
capture and utilize copepods for food, the significance in cur observations is more 
to associate them with favorable conditions for fattening. In the spring of 'Al, 
the year when we had the best growth end meats, the water was discolored in streaks 
with copepods to such an extent, baymen brought samples of water to the laboratory 
out of sheer curiosity. On the other hand, during the years of thin oysters, crus- 
tacea remained absent in 100 c.c. for long pericds. 

5. Temperature: 



+s sommgs skit: 

<.. ond.» 

, Leo tot tails 
ar By ee 
oft: ', S208 oft a0 

witet solbaty att 
tezodal smas od fe. 

jérabbua 
atollesBa 

¥ todotag| | 

. 

shocaat wl tA tts sive co Moe 226% ant ducsigcray 
et Eeressey 9, saxty 

‘9 OGL eg OGE at omer. 
Cuan gaotoety of} sey yrave Soutien at i ¢ 

cao new Roksoletre® To gob aiot A -getvqe baw gedain oon. ond. BED 

ist. BS oS eirKs sashes 

s moderk act ttle gh 
P eignedies ‘ «garlined ts. aséaw! 

paric win srt? > mat vot shogtied eee lite- 

a <tAt to. noiuge ssid ol ..gnimedtad tol amoldibeos eldnyowsl adi; aallt oF 

P SAbetts ni betetooeth ene tadaW add .ednen bas aidwote saad: oat tant or wa aint, 

MEodsk aid oF teten 20 wolopate # avowd aemeyed adage tee Spee. a fe 

meter fiat to piper ete yeiivd bre _« prined 

; eehadtog “sane “0% cone “O0L, ne 



Glancy's Address--Page 6 

Water temperature is very important, not only in fattening, but all 

throughout the biology of the oyster. In Great South Bay, because of its shallow- 
ness (8 feet average depth), water temperature follows air temperature quite close- 
ly. The general curve for tempsrature is much the same from year to year, with a 
Minimum of 30 F. just before ice formation, to a high of about 83°F, in the summer, 
Periods are encountered, however, where temperatures run excessively above or be- 
low normal, and when sustained, often have important effects on the sea water flora 

_ and fauna. For example, high “ager ees in early June are productive of good oys- 
ter spamming, which if maintained, are most conducive to obtaining an oyster set. 

When ice forms, as it does to some extent every winter in Great South 
Bay, water temperature rises to 33-35°F. on the bottom; and if the ice remains solid 
over the Bay for several weeks, stratification of salinity takes place, the heavy 
salt layers settling to the bottom. No distinct correlation was observed between 
winter ice and subsequent growth and fattening of oysters. 

6. Salinity: 

A continuous record of salinity was kept, chiefly, to indicate rain- 
fall and the run-off into the Bay. The lowest determination was 16.0 (September 
138) and highest, 26.6 (October '43). Rainfall is only slightly reflected in sali- 
nity immediately, but the full effect shows within a week or two. 

As a general rule, salinity is highest in the late summer and fall 
in Great South Bay, and lowest in the spring. 

The average salinity for each year as compsred with the condition of 
the oyster was as follows: 

Year Salinity Condition 

1933 23.8 Average 
1934 22.7 Fat 
£935. - 23.9 Fat 

1936 223 Fat 
1937 23.6 Fat 
1938 21.8 Thin 
1939 23.1 Thin 
1940 23.6 Average 
1941 aL,.7 Very Fat 
1942 23.0 Thin 
1943 24.20 Very Thin 

No high degree of correlation exists between the oyster meats and 
salinity. Heavy rainfall does not make for fat oysters in Great South Bay. In '38, 
when abnormal rainfall during the summer, and just previous to the hurricane on Sep- 

tember 21, forced the salinity to the lowest point (16.0), observed during the 11 
years, oysters remained thin. 

Heo jalale 

The pH determinations were taken colorimetrically, using cresol red, 
chiefly, as the indicator. Normally, the pH of Great South Bay water is 8.0 to 8.4, 
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but many determinations were 9.0 and above, while the lowest was 7.4, following the 
1938 hurricane. .The pH of sea water is affected mainly by sunlight, wind, and tem- 

perature. It runs lower in the winter. Cloudiness and wind depress pH. High pil 
values are fair indicators of excessive plant growth in the water due to photosyn-— 

thesis. 

In these studies, nigh pH correlates well with thinness in oysters, 
which is very likely due to the presence of small farm, which oftentimes keeps the 
pH at 8.8 to 9.0 for weeks, and which shows little effect with high winds and clou- 
diness. 

IV. DISCUSSION OF RESULTS: 

Perhaps the most important observation made in these studies is to point 

out not so much what makes oysters fat, as to show what makes them thin. The effect 

of the small form is almost devastating. One wonders whether the occurrence is con- 
fined only to South Bay, or is it widespread and common in occurrence in other oys- 
ter producing areas. Due to its small size, it may be that it has been overlooked 
as a cause of oysters not growing weli and fattening, or even undergoing mortali- 
ties. Not enough systematic and sustained research has been done on water condi- 
tions as related to oyster growth and fatness to venture an opinion on the matter. 

The general picture obtained in this work is that oysters are very effi- 
cient feeders, and are satisfied with optimum conditions when the water is rela- 

tively clear with only scant, organic microscopic life, but not too clear as in 
'40. Respiration and feeding, closely allied in the oyster, function best under 
such conditions. The presence of the filamentous diatoms, particularly skeletonema 
and chaetoceras, even in abundance, does not seem to disturb this picture. By ser- 
ving directly as food, or perhaps as an aid to the feeding mechanism, they are con- 

ducive to good oyster growth and fattening. 

These studies seem to show that the microscopic, viable organic content 

of the water provides the dominating influence. Turbidities, caused by small form, 
have an extremely adverse effect on the gilli feeding shellfish. In a very interes- 
ting work on the feeding mechanism of the oyster, T. C. Nelson (4) discusses the ef- 
fect of turbid water on oysters, concluding that those species with a promyal cham- 

ber, should be classified separately into a genus called Gryphaea. 

Turbidities may be due to rile by hard winds, resulting in considerable 
detritus, (microscopic, broken-up, organic matter and fine silt). Appreciable quan- 

tities are constantly found in the oyster's gut. The amount of wind action from 
year.to year is quite constant. Therefore, it would seem that detritus is not an 
important factor in oyster fattening, except that in excessive amounts, it would 
tend to inhibit the oyster's ability to feed temporarily. 

From time to time, unexplained mortalities of shellfish have occurred on 
oyster beds, such as that in the English oyster (Ostrea Edulis) just after the first 
world war. This species, without a promyal chamber, may have been quite vulnerable 
to small form growth, just as the sussels seemed to have been destroyed by it in 

Great South Bay in '42. 

Great South Bay, occasionally produces oyster sets. In the years under 
observation, this occurred three times,— '34, '37, and '4l. All good oyster fatten- 
ing years. There are indications that water conditions, satisfactory for adult fat- 
tening, are also those necessary for larval survivel end setting. 
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It has often been advocated by oyster farmers, and even scientists en- 
gaged in shellfish research, that sea water be enriched ly the addition of ferti- 
lizers, in order to secure luxuriart growths upon which the oysters would feed and 
fatten. Based on the above observations, this does not appear to be a promising 
line of research, unless possibly the microscopic growth obtained, be composed of 
moderate amounts of certuin, fiismentous diatoms. In this connection, it is of 
interest to note that Wells (5) was able to grow various shellfish larvae in sur- 
prising cencentration, in straight centrifuged sea water. 

VY. CONCLUSIONS: 

1. The history of oyster growth and fattening in Great South Bay shows 
wide variations from year to year. In the eleven years under observation, oysters 
were satisfactory for marketing in seven of the years, and so thin in four that an 
oyster farmer, unless weil established, would face failure. 

2. Correlation between good oyster fattening and certain water conditions 
was always observed when: (a) The water wes relatively clear, but not too clear. 
(b) The water contained moderate growths of the filamentous diatoms, particularly 
skeletonema and chaetoceras. 

3. Oysterswere always thin when heavy growths of small form, an element 
of the nannoplenkton, was present, even though the diatom picture appeared favor- 
able. 

4A. Spring and early summer growths of chaetoceras augured for good fall 
oyster growth and fattening. 

5. Likewise, high numbers of copepods dur ing the spring and summer au- 
pured for successful, fall fattening. é 

6. With suitable water conditicns, it took abcut one month, during the 
fall feeding season, for thin oysters to become fat. 

7. The viable, organic content of the water was by far, the determining 
factor in fatness or thinness of the shellfish, and not the organic detritus. 

8. The bottom diatoms were not found to be cf importance in fattening. 

VI. FUTURE WORK: 

It is hoped that these observations in Great South Bay will stimulate 
somewhat similar work in other cyster preducing areas, perticularly, to observe on 
the occurrence of small form. Such studies should be refined, and if possible, sup- 
plemented with chemical determinations. From the ‘ncowledge gained in the cutside 
water, controlled laboratory experiments covld be intelligently and fruitfully car- 

ried on. It is felt, such researches would be of great aid to the oyster industry. 

Literature cited: 
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3. On the Digesticn of Animal Forms by the Oyster, by T. C. Nelson. Proceedings 
of the Society for Experimental Biclogy and Medicine. 1933 xxx pp. 1287-1290. 

4. The Feeding Mechanism of the Oyster, by T. C. Nelson V. Morph. V. 63 No. 1, 
puty 1, 1938. 

5. A New Chapter in Shellfish Culture, by William Firth Wells. 15th Annual Re- 
port, 1925. Conservation Commission, State of New York. 
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SOME OBSERVATIONS ON THE TRANSPLANTATION OF TWO WEEKS OLD SET AND OF OLDER OYSTERS 

By Thurlow C. Nelson, Ph.D., D.Sc. 
Professor of Zoology, Rutgers University Biologist 

and 
A. F. Chestnut, Assistant Biologist 

New Jersey Oyster Research Laboratory 

Transplantation of "corn on the cob" set has always been a problem. The sub- 
sequent yield from planting of such thickly bunched seed has nearly always been dis-— 
appointing. Excessive crowding results in the death of the majority, while the sur- 
viving oysters are usually long and narrow and show poor meats. 

On the Cape Mey shores of Delaware Bay setting of oysters may continue night and 
day as long as six weeks. Every object in sight is plastered with oyster spat, which 
in less than a month cover the surface with a solid sheet of oysters. Competition ic 
very keen; our studies show that on the average only one out of each 630 spat attache: 
per square inch of surface is able to reach the age of one year. The other 629 are 
crowded out and smothered by their fellows, not killed by enemies. The first slide 
shows the initial stages of this competition with the fastest growing oysters extending 
their shells over their younger or weaker neighbors. By the first of September baskets 
of shells put out on the flats are covered with a continuous sheet of young oysters. 
All oysters within the bag have been destroyed by cutting off of circulation by the 
oysters at the surface. The only shells which yield a return to the planter are those 
at the surface of the bag, all those within the bag are wasted. The increasing weight 
of the bag likewise causes it te sink slowly into the bottom destroying as much as 
one-quarter of the young oysters on the surface of the bag. 

When planted there is much injury to the delicate shells of the rapidly growing 
young oysters. Many of the spat have grown around the wire; hence, the bag is usually 
destreyed in emptying and freeing it of the seed. Crabs and other enemies are drawn 
to the bed by the dead and injured oysters. Once they have eaten the oysters with bro- 
ken shells, the enemies remain to work cn the uninjured oysters. Repeated experiments 
in shifting these densely set shells in the early fall have failed to yield any return. 
The young thin-shelled oysters have been destroyed practically one hundred percent. If 
the set, however, is protected by a cage of wire fine enough to exclude blue crabs and 
oyster drills, the only mortality which occurs is that resulting from crowding or from 
accumulated mud. Clusters of fine rapidly growing oysters are obtained. 

To avoid the injury resulting from moving "corn on the cob" set, and to secure the 
maximum yield from the shells, the following experiment was conducted during the summer 
of 1943. Small baskets made of two foot, one-inch chicken wire such as have been used 
for oyster drill traps were employed. Into these wire bags were placed only enough 
shells to form a mass not more than six or seven shells deep from side to side in the 
center. Thus every shell in the bag was not more than three or four shells away from 
the surface of the bag at some point. The bags were set in pairs or in sets of three 
along the edges of the bars on the Cape May Shore on July 1 & 2, 1943. Heavy setting 
began at once and was still in progress July 16th when the bags were removed and the 
shells planted within the next four hours on the Parker Grounds in Maurice River Cove. 
This ground had previously been drill dredged to remove as many borers as possible. 

When examined from time to time during the late summer and early fall, it was 
found that considerable scaling off of the young oysters occurred. This permitted 
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very rapid growth so that by November 5, less than four months after transplanting, 
the oysters had reached a length of approximately two inches and width of one inch. 

The only mortality seen was due to mud on the softer portions of the bed, together with 
a small death rate from drills. There was no evidence of destruction due to crabs. 
Examination of the spat at the time of transplanting shows very little crowding; 
hence, no delicate edges of shell to be broken. 

Of great interest is the heavy set on shells even in the center of the bag. Also 
because of the light weight of the bag and the short time, two weeks, it was left on 
the shore, there was almost no sinking into the bottom. In other words every shell in 

the bag bore some spat, most of the shells, a very heavy set. In actual figures this » 
ranged from 108 spat per square inch on the lightly set shells to 450 spat per square 
inch on the more heavily set shells. 

Just what yield per square inch of shell surface can be obtained by such early 
transplanting is not yet knom. It must be very much higher than the one per square 
inch which survives under our old plan of leaving the shells on the flats until fall. 
Scaling off begins within a month after the shells have been transplanted and at a 
time when there may be several dozen young oysters per square inch. 

Every biologist will naturally ask; is it wise to save a high percent of a heavy 
set? Would it not be better to allow competition to kill off the more slowly growing 
spat, and to plant only the fastest growing survivors. Theoretically, this position 
is sound and the very rapid growth of coon oysters supports this conclusion. Oysters 
grown from densely set seed should mature for market at least a year earlier than do 
oysters from spat set widely apart and in which there is no crowding during growth. 
Practically however, we find in Maurice River Cove a poorer yield from a dense set than 
from a light one. On several occasions the natural beds have been cloSed for a year tc 
allow the seed to thicken up their shells so as to better withstand dredging. In spite 
of the selection of faster growing oysters which cccurs during this extra year on the 
natural beds, the resulting plantings have been disappointing. In part, this is due to 
the high percentage of oysters injured in transplanting. In addition, the very thin 

shells resulting from rapid growth, have made easier attacks by drills. The problem is 
complicated by the fact that the faster an oyster grows, in general, the thinner its 
shell and the more vulnerable it is to-enemies. Dense set grown in cages clearly de- 
monstrates faster growth, but the practical oyster grower cannot use cages; he must 
have oyster seed which can survive under the conditions which obtain upon an open oys- 

ter bed. 

There is an additional advantage in moving dense set before any crowding has 
commenced. All evidence shows that individual oysters differ as much among themselves 
as do other animals. If conditions on the ground to which the seed is moved differ 
markedly from the conditions at the place of attachment, then when the transplanted 
seed begins to grow and crowd, those cysters best adapted to the new surroundings will 
be the ones which survive. Under our old system of allowing the crowding and elimina- 
tion to occur at the place of set, we obtain a crep of seed oysters which are best adap- 

ted to meet conditions at that place. They may net be the ones best adapted to the 
conditions on the new ground to which *).. spat are transplanted. 

During the first two or three days after they set, oyster spat are becoming ad- 
justed to a iife of attachment, and are easily killed by Low oxygen or other unfavor- 
able conditions. By 4a week to ten days they are fully adjusted to their new mode of 
life; hence, there is no danger in moving them after two weeks, provided they are kept 
moist and are protected from the sun. 
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Finally, where wire baskets are used to hold the shells, there is much in favor 
of early transplanting. First, the shells have gained but little in weight from the 
growing spat. Second, there are no sharp bills to injure those handling the shells. 

Third, the baskets are overboard for only two weeks. They acquire no growths and if 
washed at once in fresh water can be used year after year, thus amortizing their cosi 
over a considerable period. The far greater yield per shell planted will soon pay the 

cost of the basket. Details of the operation can be seen at the exhibit show at this 
meeting. 
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POLLUTION AND THE SHELLFISH INDUSTRY 

By Charles G. Hammann 
Senior Sanitary Engineer, Division of Sanitary Engineering 

Rhode Igland Department of Health 

It has_been my good fortune to have attended the last five annual conferences 
of the organizations represented here today. My usual role has been that of liste- 
ner but when invited to present a paper on this occasion, the invitation was accep- 

ted enthusiastically. 

My enthusiasm was diminished, bo.cvey, when it was revealed that the theme of 
this portion of the program was =< center upon the contributions of bacteriology to 
the shellfish industry. The presence of several famous and a few infamous bacterio- 
logists, together with my limited knowledge of this profound science, would make my 
efforts to discuss the subject embarrassing. To add to my discomfort, I learned 
that one of the gentlemen referred to above was to present a paper on the laboratory 
aspects of shellfish production. The preliminary program further disclosed that an 
eminent contemporary was to discourse upon the Manual of Recommended Practice for 
the Sanitary Control of the Shellfish Industry. Being familiar with both speakers 
and having read the manual several times, it was reasonable to expect that all 
phases of shellfish bacteriology would receive thorough attention. 

Dr. Galtsoff was generous in the matter of latitude, however, and permitted me 
to digress. It occurred to me, as I sought a suitable subject, that the pollution 
problem is one in which most of those present have a common interest. The industry 
is deeply concerned with the economic effects of pollution, technologists are in- 
terested in the scientific phases of the problem, and regulatory people are respon- 
sible for preventing human illmess caused directly or indirectly by the contamina-— 
tion of waterways. It was decided, therefore, to select pollution in its relation 
to the shellfish industry as a subject for discussion. To consider this controver- 
sial matter exhaustively would require unlimited time but let us review briefly 

those economic and hygienic aspects of the matter which bear directly upon shellfish 
production. 

The early colonists of America were forced to obtain the essentials of life; 
food, clothing, and shelter in their most readily available forms. Crudely con- 
verted natural resources supplied these needs in most instances. Caves, hide tents, 
and log cabins served as shelters. Tanned hides, furs, homespun fibers, and hand- 
woven fabrics furnished clothing. Berries, fruits, vegetables, game, and fish pro- 
vided sustenance. Historic records reveal that shellfish were a principal food re- 

source and that mussels, oysters, end clams contributed substantially to the larders 
of coastal families. This situation has changed to the extent that not only are 
shellfish consumed as a staple item of food in localities where they are produced, 

_ but are transported long distances to markets where they are considered a delicacy. 

The consumption of tremendous quantities of all species of shellfish creates a pro- 
blem of great magnitude in sanitation. 

America was destined to become the most highly industrialized nation in history 
and it was not long before family functions of building cabins, spinning yarn, wea- 

ving cloth, hunting game, cultivating gardens, and fishing in streams and seas be- 
came highly specialized crafts. Colonists who formerly provided all the needs of 
their families gradually disappeared. In their places appeared craftsmen who ex- 
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changed spesific abilities in particular trades for comfortable modern homes, cus- 

tom tailored clothing, and highly refined foods. Later many of these craftsmen 

were gradually supplanted with the introduction and wide-spread adoption of mass 

production. Of g-eat significance in this transition was the part played by the 

rivers, lakes and tidal waters of tic o*ijon. 

It followed iraturally for manuvactories to be established on waterways for 

many reasons; porter was needed to operate mechanical equipment, water was required 

for processing raw materials, and navigable waters provided inexpensive and con- 

venient transpo ‘tation, to mention a few. Many social and economic disturbances 
occurred durin: this period. Several critical problems in sanitation ensued. 
Among the latter was the serious one of waste disposal. Domestic wastes from re- 
distributed ropulaticns and refuse from industrial processes were discharged un- 
treated inte nearby waters. Both practices were and continue to be responsible 
for pollution as the term is used with reference to water sanitation. Each differs 

somewhat is: character. 

The term "domestic wastes" is commonly construed to mean sewage in the form of 
liquid and solid refuse emanating from plumbing fixtures of residential structures. 
These include human excreta; wash water from bath, laundry, and kitchen,the last 
frequently containing food particles and sometimes ground garbage; and diverted 

roof or surface water. 

"Industrial wastes" are composed of refuse resulting from manufacturing pro- 
cesses and include effluents from fiber, yarn, cloth, metal, and canning factories 
as well as animal offal and wash water from slaughterhouses, and a variety of other 
materials. Sedgwick includes in this category "almost anything capable of carriage 

by water and small enough to find entrance into sewers." 

Unrestrained continuance of these practices resulted in unhealthful and obnoxi- 
ous conditions which increased proportionately with the expansion of concentrated 
populations and industrial production. Certain of these conditions were responsible 
for devastating injury to the shellfish consuming public and to the shellfish in- 
dustry. Of greatest significance wero illness and death attributed to ingestion of 
shellfish taken from waters contaminated with organisms of enteric diseases. These 
occurrences caused people to refrain from eating shellfish to a degree that threa- 
tened the industry with economic disaster. They also caused the imperative imposi- 
tion of minimum sanitary standards for shellfish producing waters, which created 
additional financial and industrial problems. Among these were condemnation of ex- 
tensive areas theretofore regarded as excellent for oyster conditioning purposes, 
loss of appreciable quantities of oysters planted in areas too grossly polluted to 
permit removal for self-cleansing, relocation of shellfish plants or longer hauls 
necessitated by the development of new beds in more remote locations, and other 
attendant losses. 

These events led progressive planters to combine efforts with other groups in 
the stimulation of a movement for pollution control that had been started several 
years earlier following outbreaks of illness through the medium of contaminc«ted 
drinking water. The objectives of the program were to reduce cr eliminate dangerous 

and undesirable conditions and to prevent their recurrence. Many legislatures 
created agencies or empowered existing agencies to investigate the matter of pollu- 
tion and to enforce laws enacted to control the problem. Treatment processes were 
developed and applied separately or in combinaticn with varying degrees cf success. 
Great advancement was made during the years that followed and it was established 
that domestic wastes, and to some extent industrial wastes, could be rendered inno- 
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cuous with modern methods at reasonable costs. Construction of treatment plants 
followed, offensive conditions were ; “ty reduced, and prospects for success ap- 
peared encouraging. Regulatory -*icials, consulting sanitary engineers, research 
workers, and many others were active during this period, and to them belongs credit 
for the rapid and commendable progress in this phase of environmental sanitation. 

Many factors prohibited complete achievement of objectives, however, and un- 
desirable situations continued or recurred usually in modified form. These fac- 
tors, many of which still exist, included insufficient legislative authority, in- 
adequate funds for research and regulatory activities, luck of public interest, 

failure of offending communities and industries to accept their responsibilities, 
and inability to treat certain wastes satisfactorily. 

Responsible governmental agencies are constantly striving to overcome these 
obstacles. Their efforts are frequently supplemented and encouraged by private 
groups. Activities of this kind can be of inestimable value and should be encou- 
raged. Unfortunately, however, the assistance of shellfishermen, resort operators, 
wildlife enthusiasts and civic associations have frequently been observed to be so 
disorganized us to be valueless or even harmful. The first consideration of -pri- 
vate groups desiring to participate in pollution abatement programs, therefore, 
should be the establishment of fundamentally sound organizations. 

The next logical step would appear tc be the determination of satisfactory 
objectives. Those defined earlier are felt to be reasonable and commendable and 

are repeated here in slightly different form; complete elimination of conditions 
dangerous to public health or offensive to the community. This can be done most 
effectively in my opinion through the coordinated effort of all. related groups 
utilizing factual information, carefully executed plans, and willingness to compro- 
mise. Unfounded allegations, mass agitation, misdirected energy, and selfish atti- 
tudes will detract from any program and will usually have harmful effects. 

Remaining impediments will resolve intc less complex problems and their re- 
moval will be found more easily attainable when scund organizational structures and 
feasible objectives have been provided. Legislatures will be more respcensive to 
recommendations for enactment of statutes and requests for regulatory and research 
funds. The public, which when aroused becomes a potent influence, will he more 

sympathetic and helpful. Offending communities and industries will be more recep- 
tive tc demands that are sensible and economically feasible and will be more likely 
to accept their responsibilities. Enlightenment created I these procedures will 
reduce pressure exerted by private interests which frequently causes solitical tole- 

rance. The discovery of satisfactory treatment processes for wastes not amenable to 
known methods depends entirely upon applied research, and progress is continually 

being made in that direction. 

In closing, I reiterate that the practice of discharging untreated or partially 
treated domestic and industrial sewage into streams, lakes, and tidal waters con- 
tinues to be responsible for illness, discomfort, and economic loss. This period 
of post war planning seems to be an excellent time to take inventory, organize, de- 
cide upon a course of action, and engage energetically in a coordinated program to 
attain the proper objectives. It remains to be seen whether or not the shellfish 
industry, the existence of which depends upon the execution of adequate pollution 
control measures, will respond te the limits of its ability and resources. 
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National Shellfisheries Association 
Atlantic City, New Jersey, Meeting, June 1944 

THE BACTERIOLOGY LABORATO™. .. A TOOL OF THE PROGRESSIVE OYSTERMAN 

By Leslie A. Sandholzer 
Bacteriologist, U. S. Fish and Wildlife Service 

Fishery Technological Laboratory 
College Park, Maryland 

In the course of my experience with the oyster over the past 5 years, I have 
become impressed with the psychological reaction which accompanies the mere men- 
tion of "bacteriology" or "laboratory tests" in regard to shellfish. Awe, fear 
and defense reactions appear simultaneously and with suddenness. 

The reasons for these emotional displays are perfectly understandable. They 
have their origins in simple but real experiences. The dramatic effect of infec- 
tious disease, the regulation of the industry by  wublic health officials and the 
continual awareness of the industry of its responsibilities in maintaining a high 
degree of wholesomeness and safety in its product, lays a burden upon the oyster- 
man which is heavy, hence his allergy to any mention of this phase of his work. 
Furthermore, it is difficult for him to understand some of the technical aspects 
of bacteriological control and he becomes wary of the laboratory workers. 

It is my purpose tcday to attempt to dispel this wariness by briefly indica- 
ting how you, as cystermen, can employ the bactericlogical laboratory as a tool 
for your own advantage. I want to point out how bacteriologists generally are 
equipped to assist you in the development of your industry and to indicate how the 
facilities now at your disposal can be used to your advantage. 

I shall try to do this by discussing 2 fields of investigation which are of 
interest to the oyster industry. The ‘Siret, and the one with which you have lad 
the greatest concern, is sanitation. The second is, in a sense, a new field be- 
cause it has been’ almost completely neglected. This is the role of bacteria in the 
nutrition of the oyster and their influence on the quality of the oyster as food. 
There undoubtedly are other bacteriological problems which should be looked into. 
Technological advances will lead to the necessity of making new types of investiga- 
tions but it is impossible to review all of these possibilities at this time. 

Any outbreak of infectious disease due to shellfish is doubly embarrassing: 
to the shellfisheries because it leads to a temporary loss of public confidence in 
the oyster as safe food, and to the public health bacteriologist because he knows 
thet such incidents are preventable by the adoption of proper sanitation practices. 
The current sanitary regulation of the shellfish industry is aimed at the mainte- 
nance of consumer confidence in shellfish as food. The necessary control measures 
upon which the industry frequently frowns are directed not at the producer but pri- 
marily at the development of a food industry upon which the public can rely with 
safety. Since the shellfish industry differs in many respects from other food in- 
dustries, its problems are unique and require special treatment, but the work should 
be done with the consumer in mind, thus enhancing the industry through increased 

oyster consumption. 

While it is true that the development of consumer confidence is an initial 
motive, this goal frequently has been obscured. Each oyster-producing state has se- 
parate control measures for the industry and this leads to confusion which is exag- 
gerated by the unfamiliarity of certain of the enforcement officials with the oyster 
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industry. This occasionally results in bureeucratic control which creates a chasm 
between the industry and scientific advancement. Thus it is necessary to restrict 
sanitation control to practical essentials, keeping an open mind for the considera- 

tion of future developments. 

In order to accomplish this, a control program, coordinated with regard to the 
best consumer and production interests must be developed. To accomplish this, the 
shellfish industry should be assisted in understanding and adequately complying with 
the sanitation regulations. An effort should be made to eliminate as far as possi- 
ble the inconsistencies which may arise from time to time in the regulatory codes 
and an agency should be set up to act as a liaison between the industry and enforce- 
ment groups. 

But the public health orogram cannot stop here. If the best interests of the 
shellfisheries are to be served, the oysterman must initiate some of the meesures, 
since he alone lmows the industry intimately. To do this, he must work in close 
cooperation with the bacteriologist, bringing his ideas and problems to the labora- 
tory. Here new control measures may be developed which are aimed at the improve- 

ment of the product. The stimulating impulse will be the development of an attrac- 
tive food. It is this type of research which will pay the greatest dividends. 

It is unfortunate that the emphasis on disease-producing bacteria should have 
led the everage person to the belief that all bacteria ure harmful. As a matter of 
fact, the great majority of them are harmless and some even valuable. By exploit- 

ing these forms, we can greatly enrich our lives. The activities of certain of 
these minute organisms give us cheese, becr, solvents, increased soil fertility and 
a myriad of other things. To date we have done very little with such organisms to 

enhance the shellfisheries. 

That bacteria may serve as sources of food for mollusks has been known for 
some time. The nourishment may be obtained either by ingesting the bacteria direct- 
ly or the oyster may feed upon planktonic forms which in turn feed upon bacteria. 
The question of which bacterial types are best suited for either the direct or in- 
direct nutrition of the oyster has never been given serious consideration. 

Recent studies in the U. S. Department of Agriculture and elsewhere have shown 
that bacteria may be very efficient vitamin producers. Can the vitamin content of 
the oyster be increased by having it feed on these forms? Does an increased vitamin 
intake serve to improve the physiological condition of the oyster so that it gets 
"fatter" or more palatable? Does the maintenance of reproduction depend upon the 
types of bacteria available to the oyster? 

Here is an opportunity for the shellfish producer to work hand in hand with the 
bacteriologist in producing a better food through micro-biological control. It is a 
chance to use this tool, bacteriology, in developing a superior product. Whether or 
not this work is done depends chiefly upon the oyster industry. The facilities and 
trained personnel are available but the work cannot be done without cooperation. 

Little is known concerning the bacteriology of shellfish subjected to various 
technological processes. How can the bacterial content of oysters be controlled 
under present methods of shipping, handling and storage? What should be known about 
frozen oysters? Will dehydration maintain the quality of oysters shipped to distant 
places? At present we have either no answer to these questions or our answers are 
inadequate. Again the shellfish industry can use the laboratory to assist in obtain- 

ing the proper answers. : 
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By citing problems where the need for further information is obvious, I have 
attempted to show how the laboratory can be of service tc the shellfish industry. 
But have I sold you the idea to a degree where you, as oystermen, will demand and 
depend upon the services of the bacteriologist and his laboratory? I am-not so 

stupid as to believe that I have. I am certain that I have not convinced those of 
you who have never seen a bacterium that these organisms really exist. I have not 
taken you into the laboratory and demonstrated their multifold activities. Bacterio- 
logists have seen your plant, your methods and know your operations but have not re- 
turned your hospitality. My colleagues and I come to your meetings annually, speak 
a tongue which is foreign to you and talk about things with which you are not fami- 
liar. At best we have been dull guests. 

Therefore, I suggest that you drop in on us sometime. Stay a few days and let 
us show you around. I believe that you'd enjoy the visit and get a much clearer 
idea of what we do and why we do it. 

You would find, for example, that a laboratory is no mystic temple; it is li- 
terally a work shop - a place of manual labor. The age of the alchemist is passed; 
our object is to learn facts, not make magic. It would soon become apparent that 
you need not be ashamed to ask questions because we, the laboratory workers, spend 
our lives asking them. You would see that we possess three virtues as far as your 
industry is concerned,- we can prevent some of your difficulties; we can solve some 

_of your current problems; we can guide you upon new roads of endeavor. If we can 
convince you of this, we shall soon be working in complete unison. 

In all sincerity, I ask you to accept this invitation literally. Let us ar- 
range to show you our house so that we may work together to make the shellfisheries 
a sound, progressive food industry. 
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