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BACTERIA AS FOOD FOR THE LARVAE OF THE NATIVE
PACIFIC COAST OYSTER, OSTREA LURIDA CARPENTER

INTRODUCTION

The following is an account of the studies made on

bacteria as food for the larvae of the Pacific Coast oys-

ter, Ostrea lurida Carpenter, (Figure 1), at the Yaquina

Bay Fish and Game Research Laboratory and Oregon State

College in 1950 and 1951. During the past number of years

the natural sets of the Pacific Coast oyster have not been,

in many areas, of sufficient magnitude to reseed the

existing beds in numbers which would provide an adequate

annual harvestable crop sufficient to meet the demands of

the commercial markets. For this reason, the Oregon State

College Fish and Game Department have initiated studies

and experiments to develop methods and techniques in the

laboratory rearing of this oyster larvae and "spat," the

ultimate plan being to develop methods whereby seed stock

could be produced for reseeding these depleted oyster

beds. This thesis is a part of those studies, and the

importance of it can be understood when one considers the

many problems involved in the laboratory rearing of these

oyster larvae. Therefore, the immediate purpose of this

study is to gain an insight into the possibility that

bacteria might be utilized as food for the larvae of the

Pacific Coast oyster. Before such a program can be
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Figure 1. Larval oyster, Ostrea lurida
Carpenter. Actual size of larvae is 190
microns.

Figure la. Larval oyster, Ostrea lurida
Carpenter. Actual size of arvae is 190 microns.



carried out, a definite plan of operation had to be de-

cided upon. It appeared that the logical approach to the

problem should follow somewhat along the following lines:

first, gain a knowledge of the problems involved in the

spawning and rearing of this larvae under laboratory con-

ditions; second, devise methods for freeing the adult or

larval oysters from protozoa and other materials which

might act as food; isolate test bacteria from a logical

source and complete their identification; devise experi-

ments to ascertain whether the test bacteria are ingested

and utilized by these oyster larvae; initiate experiments

to determine if growth can be acquired by these larvae

when fed on an exclusive diet of bacteria.

All of the studies and experiments except the iden-

tification of the test bacteria and the radioactivity

experiment were completed at the Yaquina Bay Fish and Game

Research Laboratory, Yaquina, Oregon, (Figure 2). The

identification of the test bacteria and the radioactivity

experiment were completed at Oregon State College, Cor-

vallis, Oregon.

All of the oyster larvae used as test animals for

this study were obtained by inducing adult native oysters

to spawn artificially in the laboratory under controlled

conditions. These procedures are described in the follow-

ing section, "Source of Test Larvae."
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Figure 2. Oregon State College Fish and Game
Research Laboratory, Yaquina, Oregon.



SOURCE OF TEST LARVAE

Since this thesis problem evolved from other studies

currently being conducted regarding the development of

techniques for the laboratory propagation of the larval

Native Pacific Coast oyster, it was decided that the oys-

ter larvae used as test organisms for this investigation

should be obtained from adult oysters, (Figure 3) which

were caused to spawn under laboratory conditions. A meth-

od for the spawning and rearing of this oyster larvae was

developed by Mr. Eugene P. Haydu and the writer at Yaquina

Hay, Oregon. As this method of laboratory spawning has an

important bearing upon the source of the test larvae, a

brief account of its development and description is given.

The first step in the development of this method was

to acquire a knowledge of the oyster's reproductive cycles

and the environmental conditions which govern spawning in

the natural habitat. The main points of inquiry were:

what are the reproductive cycles and fertilization proc-

esses of the Pacific Coast oyster; what influence do the

environmental conditions such as water temperature, salin-

ity, and hydrogen-ion concentration have on the spawning

activities of this oyster? Partial answers to many of

these questions can be found in the existing literature

published by previous workers in the field of oyster cul-

ture.
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Figure 3. Adult oyster, Ostrea lurida Carpenter. The
actual size of oyster is 60 millimeters x 40 millimeters.
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It was Coe (3, p.137) who thoroughly investigated

the sexual rhythms in Ostrea lurida. A fairly frequent

sampling, beginning with very young oysters, clearly

showed the development of the gonads, its first funotio -

ing and the sex change cycles. He stated that Ostrea

lurida is hermaphroditic with a rhythmical sequence of

alternating sexual phases following the initial male

phase. There seems to be no marked tendency for any par-

ticular sexual phase to appear at any definite period of

the year. All phases of sexuality are found in an oyster

colony at all seasons of the year due to the overlapping

of broods. Coe found that on the ooast of southern Cali

fornia the native oyster produces spawn during at least

seven months of the year, but spawning is inhibited when

the temperature of the water falls to about sixteen de-

grees centigrade for some days in succession. In the

early spring most of the mature oysters are provided with

at least some ripe sperm, but only about twenty-five per

oent of them have ripe ova. According to Coe, (3, p.138),

an opportunity for self-fertilization is frequently pres-

ent, for both the ova and sperm may be discharged simul-

taneously into the oyster's mantle cavity. Hopkins

(7, p.400), in his observations on the spawning and larval

development of this oyster in Puget Sound, stated that the

development and discharge of germ cells are a well-known



function in response to the water temperature. The aver-

age temperature of the water in southern Puget Sound be-

gins to rise in early spring from the winter minimum of

about six to nine degrees centigrade, reaching a level of

eighteen degrees to twenty degrees centigrade in August.

Galtsoff, (6, pp.65-69), and others, have demonstrated

that there is a certain minimum or critical temperature

below which little or no spawning occurs in different

species of oysters. Galtsoff's observations are of par-

ticular significanoe, for he was able to show by labora-

tory experimentation that at a temperature of twenty de-

grees centigrade or above the sexually mature female

phase, Ostrea lurid& may be induoed to spawn by adding

either sperms or sperm extract to the water. Prytheroh

(9, p.436), in his studies of various phases of the spawn

ing and setting behavior of the eastern oyster, Ostrea

virginica, near Milford, Connecticut, concluded that

spawning begins when the temperature at high tide nears

twenty degrees centigrade. Although the eastern oyster

does not have the same type of reproductive cycles as the

Ostrea lluurida oyster, it is interesting to note that

Prytherch found the higher hydrogen-ion concentration, pH

7.2, of the water at low tide when the temperature was

much higher, a factor inhibiting spawning. It is indi-

cated that some factors in addition to temperature are



necessary to stimulate spawning, and the suggestion that

a lower hydrogen-ion concentration is required appears,

from his results, to be well-founded. Hopkins, (7, p.

460), reported in his observations on Ostrea lurida in the

Puget Sound area, that the average salinity of one test

area for the period in April, 1932, was 22.67 parts per

mille with a corresponding pH of 8.2. Whereas in Septem-

ber of the same year the average salinity was 28.87 parts

per mills with a corresponding pH of 7.8. Roland E.

Dimick, George Egland, and Jay B. Long, in their report

on the Native Oyster Investigations of Yaquina Bay, Ore-

gon, (4, pp.28, 138), note that free-swimming larvae of

the Ostrea lurida oyster were found over beds when the

average salinity was about 19.4 parts per mille and with

a corresponding water temperature of eighteen degrees cen-

tigrade.

The foregoing information is useful in that it pro-

vides a general background of some of the basic require-

ments, regarding the reproductive cycles and environmental

Conditions, under which spawning of this oyster can occur

and provides information from which a laboratory method

for spawning larval Ostrea lurida oyster could be devised.

Mr. Eugene P, Haydu and the writer utilized much of this

basic information in planning and devising procedures to

induce the Ostrea lurida oyster to spawn artificially in
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the laboratory. The ultimate method which gave rather

satisfactory results can now be described.

As the Native Pacific Coast oyster is hermaphroditic

and both sexes can generally be found in various stages

of sexual development in most oyster colonies, several

dozen adult oysters in prime condition are used as brood

stock. The condition of primeness can be judged by obser-

vation of the physical appearance of the oyster body meat

and also by making determinations of the glycogen of a

number of adult oysters taken from the same colony as the

brood stock. Prime condition is indicated when the gly-

cogen content is approximately 3.6 per cent. These oys-

ters, from the selected colony, are placed into porcelain

jars which are filled with about eight gallons of sand-

filtered sea-water. Particular attention is taken to use

only sand-filtered sea-water which has a salinity of be-

tween twenty-six to twenty-nine parts per mills and a pH

of about 8.0. These jars are then placed in a water -bath,

(Figure 4), and the water temperature in the brood jars is

brought up to eighteen to twenty degrees centigrade. This

temperature is maintained until spawning occurs. Gener-

ally, spawning will occur in about one to three weeks.

Several conditions and precautions must be observed, how-

ever, before this method can be successful. These condi-

tion s are: the brood oysters must be in prime condition,



Figure 4. Rearing crocks and water bath used for
inducing adult oysters to spawn.
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water temperature must be maintained around eighteen to

twenty degrees centigrade and held at this temperature

until spawning occurs, salinity should be around twenty-

six to twenty-nine parts per millet the pH should be

around 8.0, and the water containing the brood oysters

must be aerated continuously and changed at least every

seventy-two hours. The frequent water change provides not

only an environment that is relatively free of metabolic

waste products but also provides a source of food organ-

isms. Although the sea-water used for making this fre-

quent water ohange is sand-filtered, many small organisms

suoh as protozoa, algae and bacteria are not filtered out

and may furnish available food for the brood oysters.

While this method of laboratory spawning of the oys-

ter larvae gave generally satisfactory results, it has a

number of limitations. The best results were obtained

during the months of November to January by the use of

this method. However, it is sometimes possible to even

obtain these oyster larvae during the months of October,

November, and December by using a greater number of brood

oysters in many more brood jars. The writer believes

that this method is not consistent, and that many of the

factors whioh govern this oyster's spawning requirements

are not clearly known. Studies are currently being car-

ried out at the Yaquina laboratory to find better methods



and techniques in the spawning and rearing of this oyster.

The workers of the Yaquina Bay laboratory will report on

these observations in the near future.
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DEVELOPMENT OF TECHNIQUES FOR OBTAINING
NATIVE PACIFIC COAST OYSTER LARVAE
FREE FROM POSSIBLE FOOD MATERIALS

Microscopic examinations of samples of sea- water,

taken from the brood jars and samples obtained from

Yaquina Bay, disclosed the presence of many algae, proto-

zoa, and bacteria. This sea-water, which is intended to

be used as a holding medium for adult brood oysters and

test larval oysters, can be rendered free of algae, pro-

tozoa, and bacteria by filtering through a fine Berketeld

infusorial earth filter candle. However, when the brood

oysters are introduced into this sterile sea-water for the

purpose of obtaining test larvae, recontamination of the

holding water sometimes occurs. This same situation also

exists when the larvae are introduced to the test contain-

ers of sterile sea-water. Therefore, before experiments

could be initiated to ascertain the possibility of bacte-

ria as food for the larval Native Pacific Coast oysters,

techniques must be devised to secure test larvae which are

free from all microorganisms which might serve as a food.

Several avenues to the approach of this problem

seemed feasible. First, the adult brood oyster could be

rendered free of all unwanted organisms just prior to re-

lease of the larvae. Or the oyster larvae could be

treated after their release by the brood oysters to tree

them of all unwanted organisms. Algae growth could be
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controlled by filtration as described above, and also by

keeping both brood and test containers free from light.

It was believed that chemical sterilization could be used

to prevent further growth of protozoa. Certain chemical

solutions were introduced into portions of sea -water con-

taining protozoa, and the effects of these chemicals on

protozoa were noted. The ultimate aim was to find one or

more chemical agents whioh would kill or inhibit the

growth of protozoa, but would not damage the adult or

larval oysters. The criterion of a satisfactory chemical

agent was its ability to prevent reproduction of the pro-

tozoa without injuring the adult oyster or larvae. The

analytical grade chemicals used on the preparation of the

test solutions were: hydrogen peroxide, potassium perman-

ganate, benzene hexaohloride, mercuric chloride, pars-

formaldehyde, cresol, benzoic acid, sulfonilamide, benzal

dehyde, nono-benzal chloride, m-ohloroaniline, aoetoni-

trile, and calcium hypoohlorite. In oases where these

chemicals were soluble in water, solutions were made to a

known concentration by adding a weighed amount of chemical

to a given volume of sea - water. However, if certain of

these chemicals proved to be insoluble in water, solvents

such as alcohol, benzene, and ether were used, and meas-

ured quantities of these solutions were added to the sea-

water containing protozoa. The effects of these reagents
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on the protozoa were then observed over several different

time intervals. The criterion used to judge the effec-

tiveness of these chemical reagents was their ability to

cause loss of motility and lack of power of reproduction

in the protozoa tested. When one or more of these re-

agents satisfied the above requirements, a sample of pro-

tozoa was removed and inoculated into fresh sea-water.

These samples were incubated at room temperature to deter-

mine if new protozoan growth could be established. If no

new growth was observed, it was considered that the proto-

zoa of that particular test solution were damaged suffi-

ciently. This chemical could then be studied further to

determine what effect it might have on adult or larval

oysters. The results of these experiments can be observed

in Tables 1 to 13, inclusive, pp.17-23. It can be noted

from these tables that at low concentrations hydrogen

peroxide, potassium permanganate, mercuric chloride, and

calcium hypochlorite produced the greatest damage to the

protozoa.

Since several probable chemical reagents were found

which seemed to demonstrate the property of inhibiting

the growth or reproduction of the protozoa, it remained

to determine what effect these chemicals might have on the

adult brood oysters. Several adult oysters were placed

into various test solutions of sea-water containing



17

Table 1. Effects of hydrogen peroxide on protozoa tested.

Note: Symbols for Tables 1 to 13
xxx - Abundant protozoa present
xx - Moderate protozoa present
0 - No protozoa present

Time
in

hours

Control Concentration of test chemical
in parts per million

No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xx x 0 0 0 0

48 xxx xx xx 0 0 0 0 0 0

72 xxx x 0 0 0 0 0 0 0

Table 2. Effects of potassium permanganate on protozoa
tested.

Time
in

hours

Control Concentration of test chemical
in parts per million

No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 56.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xx x 0 0 0 0

48 xxx xxx xx x 0 0 0 0 0

72 xxx xx x 0 0 0 0 0 0
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Table 3. Effects of benzoic) acid on protozoa tested.

Time
in

hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0

xxx

4100.0

xxxStart xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xxx xx xx x

48 xxx xxx xxx xxx xxx xx xx x 0

72 xxx xxx xxx xxx xxx xx x 0 0

Table 4. Effects of mercuric chloride on protozoa tested.

Time
in

hours

Control,
Concentration of test chemical

in parts per million
No test
ahem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xx x 0 0 0 0 0

48 xxx xx x 0 0 0 0 0 0

72 xxx x 0 0 0 0 0 0 0
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Table 5. Effects of sulfanilamide on protozoa tested.

Time
in

hours

Control
Concentration of test chemical

in parts per million

Rekst 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xxx xxx xx xx

48 xxx xxx xxx xxx xxx xxx xxx xx x

72 xxx xxx xxx xxx xxx xxx xx x 0

Table 6. Effects of benzene hexachloride on protozoa
tested.

Time
in

hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xx x 0 0

48 xxx xxx xxx xxx xx xx x 0 0

72 xxx xxx xxx xx xx x 0 0 0
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Table 7. Effects of para-formaldehyde on protozoa tested.

Time
in

hours

Control.
Concentration of test chemical

in parts per million

ggeest
0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xxx xxx xxx xx

48 xxx xxx xxx xxx xxx xxx xxx xx xx

72 xxx xxx xxx xxx xxx xx xx xx x

Table 8. Effects of cresol on protozoa tested.

Time
in
hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xx xx x x x 0 0

48 xxx xx xx xx x 0 0 0 0

72 xxx x x 0 0 0 0 0 0
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Table 9. Effects of benzaldehyde on the protozoa tested.

Time
in

hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 ' 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xx xx x x 0 0 0

48 xxx xxx xx x 0 0 0 0 0

72 xxx xx x 0 0 0 0 0 0

Table 10. Effects of mono-benzal chloride on protozoa
tested.

Time
in

hours

::ontrol
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xx xx xx xx xx 0 0

48 xxx xx xx xx xx x x 0 0

72 xxx xx xx x x 0 0 0 0
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Table 11. Effects of m-chloroaniline on protozoa tested.

Time

in
hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xxx xxx xx xx

48 xxx xxx xxx xxx xxx xxx xxx xx x

72 xxx xxx xxx xxx xxx xxx xx x x

Table 12. Effects of acetonitrile on protozoa tested.

Time
in

hours

control Concentration of test chemical
in parts per million

No testohem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xxx xxx xxx xxx xxx xxx xx

48 xxx xxx xxx xxx xxx xxx xxx xx xx

72 xxx xxx xxx xxx xxx xxx xxx x 0
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Table 13. Effects of calcium hypochlorite, as available
chlorine, on protozoa tested.

Time
in

hours

Control
Concentration of test chemical

in parts per million
No test
chem. 0.01 0.1 1.0 5.0 10.0 20.0 50.0 100.0

Start xxx xxx xxx xxx xxx xxx xxx xxx xxx

24 xxx xxx xx x 0 0 0 0 0

48 xxx xx 0 0 0 0 0 0 0

72 xxx x 0 0 0 0 0 0 0
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different concentrations of hydrogen peroxide, potassium

permanganate, mercuric chloride, and calcium hypoohlorite.

A control solution was also maintained whereby several

oysters were placed into containers of filtered sea-water.

All solutions were aerated and the condition of the oys-

ters was noted over a period of seven days. All of the

test oysters in the control solution and in the solution

containing calcium hypochlorite remained alive with little

or no apparent damage during the seven-day test period.

However, sporadic dying of the adult oysters was observed

in solutions which contained the other test chemicals;

namely in hydrogen peroxide, potassium permanganate, mer-

curic chloride. Because available chlorine, as calcium

hypochlorite, was successful in preventing reproduction of

protozoa and because this reagent seemed to cause little

or no damage to the adult native oysters when tests were

made using small volumes of sea-water, further experiments

were conducted to determine the effects of this reagent on

gravid adult oysters. Several gravid adult oysters were

placed into glazed porcelain crocks containing about eight

gallons of filtered sea-water. A solution of calcium

hypochlorite was introduced into this medium until the

concentration of available chlorine was about five parts

per million. Subsequent observations were made to deter-

mine whether any multiplication of protozoa occurred, and



also what effect this chemical reagent might have on

gravid oysters. Although the solution of calcium hypo-

chlorite seemed to be a good inhibiting agent for proto-

zoa, when used in volumes of two hundred cubic centi-

meters, it did not always give reliable results when used

in larger volumes of seven or eight gallons of test solu-

tions. Also, it was noted that when this reagent was used

in the larger volumes it would, in some cases, cause abor-

tions to occur in the brood oysters. These aborted oyster

larvae would generally be undeveloped and damaged so that

they could not be satisfactorily used for test animals.

For these reasons, it was decided that it would be neces-

sary to explore the possibility of freeing the oyster lar-

vae of protozoa after they had been spawned under more

favorable conditions.

The development of preliminary procedures for freeing

the native oyster larvae of protozoa were worked out by

Mr. Eugene P. Haydu at the Yaquina Bay laboratory. The

writer, however, later modified certain phases of these

procedures to devise the following method for freeing lar-

val Ostrea lurida oysters of protozoa. About ten thousand

larval oysters were placed into a two-liter beaker con-

taining sea-water which had been previously chlorinated

and filtered through a Berkefeld candle. Then a solution

of calcium hypoohiorite was added to the sea -water and
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larvae until the concentration of available chlorine

reached three to five parts per million. It was found

that at this range the oyster larvae would settle to the

bottom of the beaker. The water over the larvae then

could be siphoned off, leaving the larvae on the bottom of

the beaker, and replaced with sterile sea-water. Four

subsequent treatments and dilutions were thus made. Inou-

bated samples of the final sea - water, containing the oys-

ter larvae, showed no further growth or multiplication of

the protozoa. If care is taken in the introduction of the

calcium hypochiorite, there seems to be little or no appa-

rent damage to the remaining larvae.

Thus, by filtration and by chemical treatment of both

sea-water and larvae, the test animals can be rendered

free of unwanted materials which might serve as food.
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THE SOURCE, ISOLATION, AND
IDENTIFICATION OF THE TEST BACTERIA

After having devised a method to secure larval oy

tern free of possible food materials, the next step was to

isolate and identify bacteria to be used in the various

feeding and growth experiments.

Microscopic examinations of samples of sea-water

taken from the rearing crocks disclosed the presence of

many bacteria and protozoa. As this investigation is con-

cerned with the possibility of using bacteria as food for

the oyster larvae, it seemed logical that bacteria which

are intended to be later used in the various feeding ex-

periments should be isolated from these rearing crocks.

Three different types of media were selected to be

used in the initial isolation of these bacteria. To get

a representative sample of the various types of bacteria

in the rearing crooks, various media were employed.

Standard nutrient agar as described in the eighth edition

of Standard Methods of Water Analysis, (1, p.201), was

employed for the isolation of normal soil and fresh water

forms of bacteria. For the isolation of bacteria normally

found in sea-water, a medium devised by Dr. C. E. ZoBell,

(13, p.41), was used. Because the bacteria and protozoa

in the rearing crocks were fed a supplement culture which

contained large quantities of starch, a medium containing
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this material was used for the isolation of starch hydro-

lyzers. This medium is designated as W-1. It contained

sodium acid phosphate, potassium nitrate, starch, a solu-

tion of distilled water and sea-water. The nutrient agar

contained beef extract, peptone, distilled water, and

agar. ZoBell's medium contained Bacto-peptone, ferric

phosphate, aged sea-water, and Bacto-agar. These three

culture media are listed in the Appendix, (p.106), of this

investigation and can be further noted therein.

Accepted procedures were followed for the isolation

of these test bacteria. Several dilutions were made from

samples of sea-water taken from the rearing crocks. Por-

tions of these dilutions were placed into sterile petri

dishes, and then about fifteen oUbio centimeters of medium

were added. After the media in the plates had solidified,

the plates were incubated at several temperature levels

until well-defined colonies developed. Nine different

bacterial colony types were found. Four of the nine grew

on the nutrient agar, three different types developed on

the ZoBell medium, and two types grew on the W-1 medium.

Pure cultures of these bacteria were obtained by transfer-

ring to slanted media in tubes. The media in these tubes

corresponded to the media used for the initial isolation

of the bacteria. Several days of incubation, at room tem-

perature, were generally required before good growth was
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evident.

The pure cultures were used for study of morphologi-

cal, cultural, and physiological characteristics. After

a complete study of the characters of the organism, refer-

ence was made to the sixth edition of Bergey's Manual of

Determinative Bacteriology, (2, pp.52-704), to ascertain

the systematic position of the organism. To further de-

scribe the procedure a brief account of the steps taken

to classify one of the nine isolates is given.

One of the bacteria to be classified was found to

be a short, non - motile, Gram-positive, rod that grows well

on sea-water medium. It ferments glucose with the produc-

tion of acid but no gas; lactose and sucrose is not fer-

mented; acid is produced from mannitol but not from mal-

tose, xylose, salicin; it produces no pi ent. It pro-

duces little or no reaction on milk, or does not produce

indole, is a faculative aerobe, and hydrolyzes starch.

As the organism in question is a rigid rod occurring

singly, in pairs, and chains, with no mycelial branching,

it belongs to the Order EubacteriAles. Since the bacteria

in question does not contain photosynthetic pigment or

free sulfur, is not attached by a stalk, does not deposit

ferric hydroxide, and is unpi ented, indicates it belongs

to the sub-Order Eubacteriineae. Under this sub-Order it

is noted that no endospores are formed. As the organism

in question cannot
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grow without bio-organic carbon, it is heterotrophio.

The other characters demonstrated place the organism in

the Family Baoterlaceae, genus Bacterium. The descrip-

tions given for the various organisms listed in the above

genus were noted. The descriptive morphological, cul-

tural, and physiological characters agreed closely with

those listed for Bacterium marinopieeosus.

In general the above basic procedure was followed

in the identification and classification of the remaining

organisms. These were classified as: Pseudomonas mem-

branoformis, Pseudomonas (micas, Miorocoocus varier's,

Eschericia colt Bacterium sociovivum, Bacterium obit no-

chrome, Bacterium marinoniscosus, Bacterium fulvum, and

Baoillus 22. The morphological, oultural and physiolog-

ical characters are given in Tables 14 to 22, inclusive,

(pp.31-75). The laboratory of the Bacteriology Department

in which this identification study was oarried out is

shown in Figure 5.
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Table 14. The morphological, cultural, and physiological
characters of the isolated organism PseudomoRm
membranoformis.

Source

Habitat

Date

cam Ya uina B r Or

7 5

CELL MORPHOLOGY:

Medium

Form and arrangement Rods

Motility in broth

Size 1.0 x 4.0 micro

Flagell

ZoBe 2218

Motile

Not demonstrated

Irregular forms

Sporangia

Endospores:

Shape

Position

None

one

None

None

One

STAINING CHARACTERISTICS:

Age

Method

Reaction

8 hours

ye

AGAR STROKE:

Age

Temperature

4 d

21 degrees centigrade



Table 14 (continued).

AGAR STROKE: (continued)

Amount of growth Mt Moderate

Form

Consistency

Chromogensis

Beaded

AGAR COLONIES:

Age

Temperature

Form

Elevation

Surface

Margin

Density

NUTRIENT BROTH:

Age

Temperature 21 degrees centigrade

Surface growth Flocculent

Subsurface growth Turbid

Membranous

Slightly brown

4 days

21 degrees centigrade

Circular

Elevated

ontoured

Entire

0 »a ue

4 da

Amount of growth

Sediment

GELATIN STAB:

AgE

oderate

4 d s

32



Table 14 (continued).

GELATIN STAB: (continued)

Temperature

Liquefaction

Rate

de 0 de

Slow

ACTION ON NITRATES:

Age 4 d

Temperature 21 degrees centigrade

Medium Potassium nitrate broth

Nitrite

Gas (N)

e

None

INDOLE PRODUCTION:

Age 4 d s

Temperature 21 de

Medium Pe.ton

Indole Absent

centib ade

ate bro

RELATION TO FREE OXYGEN:

Age 4 d

Temperature 21 deg. ees

Medium Sea-water bro

Method Anaerobic ar, ka

Aerobic growth Present

Anaerobic growth Absent

d

e

33
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Table 14 (continued)

TEMPERATURE RELATIONS:

Growth in refrigerator (50 C.) Absent

Growth at room temperature (210 C.) Present

Growth at 370 C. Present but scant

Growth at 500 C. Absent

POTATO SLANT:

General characters No growth

FERMENTATIONS:

Glucose Acid no as

Lactose Acid no as

Sucrose Acid no

ACTION ON MILK:

Age

Temperature 21 degrees centigrade

Indicator u

Reaction

Acid curd

Rennet curd

None

None

Peptonization None

Reduction None



Table 14 on i ued)

ADDITIONAL TESTS:

Reaction on -- Mannitol Acid

Xylose No acid

Brilliant green bile -- No acid or gas

Koser's citrate not used by organism
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Table 15. The morphological, cultural, and physiological
characters of the isolated organi Pseudomonas
calcis.

Source

Habitat

Date

pater from na Ba' 0 on

Sea -water n marine mud 2 08)

3/7/51

CELL MORPHOLOGY:

Medium

Form and arrangeme

Motility in broth

Size

Flagella

Irregular forms

Sporangia

Endo spores:

ZoBell 2216* ote:
1 media
en pos

sible was
made with
sea-water.

Rode

Yes

2 x 2 microns

of demonstrated

one

one

Shape

None

one

Position one

STAINING CHARACTERISTICS:

Age 4 d

Method Kopeloff's

Reaction Gr - ne- ,ative

AGAR STROKE:

Age

Temperature

4 days

21 de rees oenti rad



Table 15 (continued).

AGAR STROKE: (continued)

Amount of growth Scanty

Form Beaded

Consiste Gran

Chromogensis

AGAR COLONIES:

Age

Temperature

Form

Slevation

Surface

Margin

Density

Other characters

None

1 de ree

C ircular
Raised

Contoured

e ti = ads

Not observed

NUTRIENT BROTH:

Tr lucent

Age 4 days

Temperature

Surface growth

21. de e s cents. ads

None

Subsurface growth Turbid

Amount of growth Moderat

Sediment 000 en
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Table 15 (continued).

GELATIN STAB:

Age

Temperature

Liquefaction

Rate

4days

21 degrees centigrade

of undibul

ode

ACTION ON NITRATES:

Age

Temperature

4 d

21 degrees centigrade

Medium Potassium e broth

Nitrite Prese

Gas (N) Present, 10 per cent

INDOLE PRODUCTION:

Age 4 days

Temperature 21 degrees centigrade

Medium Tryptone broth

Indole Absent

RELATION TO FREE 0

Age 4 d

Temperature 21 degrees ce

Medium Zo 1 2216

Method Anaerobic alkaline pyrogala

Aerobic growth Present

grade
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Table 15 (continued).

ELATION TO FREE OXYGEN: (continued)

Anaerobic growth Present but scant

ERATURE RELATIONS:

Growth in refrigerator (50 C. ) Absent

Growth at room temperature (210 C.) Presen

Growth at 370 C. Present but scant

Growth at 500 C. Abse

POTATO SLANT:

General characters

FERMENTATIONS:

Glucose

Lactose

Sucrose

owth

Acid, but no gas

No avid ox sae

Acid but o ae

ACTION ON MILK:

Age 4 d

Temperature 21 degrees centigrade

Indicator Litmus

Reaction

Acid curd

Rennet curd

Peptonization

Reduction

Neutral

None

None

None

None
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Table 15 (continued).

ADDITIONAL TEST

Gelatin colonies -- Small, some liquefaction

Acid from marmite

Koser's citrate -- No growth

Brilliant green bile -- No acid or gas

Grows best on media made tram sea -water
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Table 16. The morphological, cultural, and physiological
characters of the isolated organism Micrococcus
varians.

Source

Habitat

Date

om Y u na Ba 0 u

Dus er sea- 2 240

7

CELL MORPHOLOGY:

Medium Nutrient broth

Form and arrangement

Motility in broth

Size 0.7 to 1.0 micron

Flagella None

Irregular forme

Sporangia Non

Endospores: No

Shape Non

Position Non

MiCrocoocci

None

STAINING CHARACTERISTICS:

Age

Metho

Reaction

off'

AGAR STROKE:

Age

Temperature

Gram:positive

da

deareea cents ad
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Table 16 (continued).

AGAR STROKE: (continued)

Amount of growth Moderate

Form Plumose

Consistency Viscid

Chromogensis

AGAR COLONIES:

Age

Temperature

Form

Yellow

da s

de ees

rcular

d

Elevation

Surface

Margin

Density

Raised

Entire

Glistening

Other characters Not observed

NUTRIENT BROTH:

Age

Temperature

Surface growth

Subsurface growth Turbid

Amount of growth Moderate

Sediment Granul

da

21 degrees centigrade

None



Table 16 (continued).

GELATIN STAB:

Age

Temperat

Liquefaction

Rate

de

21 degrees centigrade

None

Slo

ACTION ON NITRATES:

Age

Temperature

Medium

Nitrite

Gas (N)

4 deny s

21 de ree

Potas

Present

rade

itrate brot

on

MOLE PRODUCTION:

Age

Temperature

Medium

Indole

da s

21 d ee

Tr .tone broth

Absent

ads

RELATION TO FREE OXYGEN:

Age

Temperature 21 degrees centigrade

Medium Nutrient bro

Method Anaerobic ar alkaline r

PresentAerobic growth

43



Table 16 (continued).

RELATION TO FREE OXYGEN: (oonti

Anaerobic growth Ab

TEMPERATURE RELATIONS:

d

Growth in refrigerator (50 C.) Absent

Growth at room temperature (210 C.) Present

Growth at 370 C.

Growth at 500 C.

e bu

POTATO SLANT:

General characters Growth: raised, dry,

Yellow), jglisteuing

FERMENTATIONS:

Glucose

Lactose

Sucrose

Acid but

Acid but mo as

Acid but o

ACTION ON MILK:

Age

Temperature 21 derees c

Indicator Litmus

Reaction Acid

Acid curd None

Rennet curd None

Peptonization None

ad

44
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Table 16 (continued).

ACTION ON MILK: (continued)

Reduction None

ADDITIONAL TEcTs:

Reaction on -- Raffinose Acid

Mannitol Acid

Salicin Acid not produced

Starch not hydrolyzed

Koser's citrate not utilized by this organism

Brilliant green bile -- Slight acid, no gas
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Table 17. The morphological, cultural, and physiological
characters of the isolated organism Escheriohia
coll.

Source star from Yauiz a Ba 0 e on

Habitat

Date

Intestine of n and warm- blooded

animals 2 .448

61

CELL MORPHOLO(

Medium Nutrient broth

Form and arrangement Rods

Motility in broth None

Size

Flagella

Irregular forms

Sporangia

Endo spores:

Shape

Position

0.4 x 1.2 microns

Not demonstrated

None

None

None

one

None

STAINING CHARACTERISTICS:

Age 4 days

Method Kopeloff's

Reaction Gram-negative



Table 17 (continued)

AGAR STROKE:

Age 4 days

Temperature 25 degrees centigrade

Amount of growth Moderate

Form Spreading

Consistency Butyrous

Chromogensis Not observed

AGAR COLONIES:

Age

Temperature 25 degrees centigrade

Form Circula

Elevation Raised

Surface

4 days

Smooth

Margin Entire

Density

Other characters

Opaque

Not observed

NUTRIENT BROTH:

Age 4 days

Temperature 25 degrees centigrade

Surface growth None

Subsurface growth Turbid

Amount of growth Moderate

Sediment Flocculent

47



Table 17 (continued).

GELATIN STAB:

Age 4 days

Temperature 25 degrees centigrade

Liquefaction None

Rate Slow

ACTION ON NITRATES:

Age 4 da

Temperature

Medium Potassium ate broth

Nitrite

Gas (N)

25 degrees centigrade

Present

Present 5 ver cent

INDOLE PRODUCTION:

Age

Temperature

Medium

da

25 degrees cent

Nutrient broth

ade

Method Anaerobic ar, alkaline PYrogala e

Aerobic growth Present

Anaerobic growth May be slight growth

TEMPERATURE RELATIONS:

Growth in refrigerator (50 G.) Absent

Growth at room temperature (210 C.) Present

Growth at 370 C. Very good growth
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Table 17 (continued).

TEMPERATURE RELATIONS: (continued)

Growth at 500 C. Absent

POTATO SLANT:

General char ers Growth: abundant,

grayish, spreading

FERMENTATIONS:

Glucose

Lactose

Sucrose

Acid and as

Acid and gas

No acid or as

ACTION ON MILK:

Age

Temperature

Indicator

Reaction

Acid curd

4 days

25 degrees centigrade

Litmus

Acid

None

Rennet curd None

Peptonization None

Reduction Prese

ADDITIONAL TESTS:

Methyl red test positive

Voges-Proskau r test negative

Koser's citrate not utilized by this organism
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Table 17 (continued)

ADDITIONAL TESTS: (continued)

Catalase produced

Lactose broth -- Production of gas

Reaction on -- Xylose Acid and gas

Manitol Acid and gas
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Table 18. The morphological, cultural, and physiological
characters of the isolated organism Bacterium
fulvum.

Source

Habitat

Date

Water from Yaguina Bay, Oregon

orate 2 605

CELL MORPHOLOGY:

Medium

Form and arrangemen

Motility in broth

Size

nutrient broth

Rods

None

Flagella

Irregular forme Non

Sporangia None

Endospores: None

Shape None

0.8 x 1.2 microns

None

Position None

STAINING CHARACTERISTICS:

Age

Method

Reaction

AGAR STROKE:

Age

3 da s

Ko eloff's

Gram-posit

da

Temperature 21 degrees centigrade
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Table 18 (continued).

AGAR STROKE: (continued)

Amount of growth Moderate

Form Filiform

Consistency

Chromogensis

AGAR COLONIES:

Age

Temperature

Form

Elevation

Surface

Visoid

Not observed

3 days

21 degrees centigrade

Circular

Convex

Smooth

Margin

Density

Other characters

ntire

Not observed

Growth is yellow

NUTRIENT BROTH:

Age 3 dap

Temperature 21 degrees centigrade

Surface growth None

Subsurface growth Turbid

Amount of growth Moderate

Sediment Yellowish sediment
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Table 18 (continued).

GELATIN STAB:

Age 3 da

Temperature 21 degrees centigrade

Liquefaction Infundibuliform

Rate Slow

ACTION ON NITRATES:

Age

Temperature

Medium

Nitrite

Gas (N)

4 days

21 degrees centigrade

Pota

one

gone

nitrate bro

INDOLE PRODUCTION:

Age

Temperature

Medium

Indole

3 da s

21 degrees centigrade

Peptone broth

RELATION TO FREE OXYGEN:

Age

Temperature

Medium Nutrient broth

Method Anaerobic jar, alkaline pyrogalate

Aerobic growth Present

3 days

21 degr es centigrade



Table 18 (continued).

RELATION TO FREE OXYGEN: (continued)

Anaerobic growth Present but slightly

TEMPERATURE RELATIONS:

Growth in refrigerator (5° C.) Absen

Growth at room temperature (21° C.) Present

Growth at 57° C. Present

Growth at 500 C. Absent

POTATO SLANT:

General characters Growth : sading

yellowish, glisten

FERMENTATIONS:

Glucose

Lactose

Sucrose

ACTION ON

Age

Temperature

Indicator

Reaction

Acid curd

Acid and

Acid and gas

Acid and as

21 degrees centisrade

Litmus

Alkaline

None

Rennet curd

Peptonization

None

None

54
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Table 18 (continued).

ACTION ON MILK: (continued)

Reduction None

ADDITIONAL TESTS:

Brilliant green bile -- Acid and 5 per cent gas

loser's citrate -- No growth

Starch not hydrolyzed

Production of catalase

Gelatin colonies -- Circular, convex, orange, to

orange yellow in color

No action on -- Mannitol, saliein, or sorbitol
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Table 19. The morphological, cultural, and physiological
characters of the isolated organism Bacterium
marinopiscosus.

Source Water from Yaquina Bay, Oregon

Habitat Skin of marine fish (2, p.605)

Date 5/7/51

CELL MORPHOLOGY:

Medium Zo ell 2216

Form and arrangement od

oneMotility in broth

Size 1.2 to 1.9 microns

Flagella one

Irregular forms Non

Sporangia None

Endospores: None

Shape None

Position None

STAINING CHARACTERI41CS:

Age

Method

Reaction

8 hours

Ko eloff' s

Gram osit ve

AGAR STROKE:

Age

Temperature

4 da

21 degrees centigrade
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Table 19 (continued).

AGAR STROKE: (continued)

Amount of growth Abundant

Form

Consistency

AGAR COLONIES:

Beaded

Butyrous

Age 4 days

Temperature

Form

Elevation

21 degrees centigrade

Circular

Convex

Surface Smooth

Margin Entire
Density Not observed

Other characters Edge is irregular

NUTRIENT BROTH:

Age d

Temperature 21 degrees centigrade

Surface growth Ring

Subsurface growth None

Amount of growth Moderate

Sediment Floccule



Table 19 ( on u d).

GELATIN STAB:

Age

Temperature 21 degrees centigrade

Liquefaction Napiform

Rate

4 days

odera

ACTION ON N R T S:

Age

Temperatur

Medium

Nitrite

Gas (N)

4 da s

21 d ees en rad

a- e otassr
Absen

sen1

brothtrace

INDOLE PRODUCTION:

Age

Temperature

Medium

Indole

4 days

21 degrees centigrade

,Peptone sea -water broth

Absent

RELATION TO FREE OXYGEN:

Age 4 day

Temperature 21 de

Medium Ti-]. media

Method Anaerobic Jeri &Ike)). e PY 0

Aerobic growth Pre eat

58
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Table 19 (continued)

RELATION TO FREE OXYGEN: (continued)

Anaerobic growth Present but slight

TEMPERATURE RELATIONS:

Growth in refrigerator (5° C.) Absent

Growth at room temperature (21° C.) Present

Growth at 370 C. Present

Growth at 50° C. Absent

POTATO SLANT:

General characters Growth: white, heavy

raised. Potato is

darkened.

FERMENTATIONS:

Glucose

Lactose

Sucrose

Acid but a

No acid or, gas

ACTION ON MILK:

Age

Temperature

4 days

21 degrees cent grade

Indicator Litmus

Reaction Neutra

Acid curd None
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Table 19 (continued).

ACTION ON MILK: (continued)

Peptonizat on So

Reduction None

ADDITIONAL TWrs:

Scant growth on ordinary media -- All differential

media except the litmus milk, and potato were

prepared from sea-water

Gelatin colonies -- whitish, circular, no p nt

Starch is hydrolyzed

Brilliant green bile -- No acid, 5 per cent gas

at 3 weeks

Reaction on -- Mannitol Acid

-- Maltose No acid

Xylose No acid

Salicin No acid
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Table 20. The morphological, cultural, and physiological
characters of the isolated organism Bacterium
sociovivum.

Source

Habitat

Date

Water from Yaguina Bay, Oregon

Sea-water (2, p.606)

3/7/51

CELL MORPHOLOGY:

Medium ZoBell 2216

Form and arrangemen

Motility in broth

Size

Flagella

Irregular forms None

Sporangia Non

Endo spores; No

Shape None

Position None

Rods

None

0.6 z 20 micron

STAINING CHARACTERISTICS:

Age

Method

Reaction

18 hour

Kopeloff's

Gram-posit

AGAR STROKE:

Age 4 da s

Temperature

VO

21 degrees centigrade



Table 20 (continued).

AGAR STROKE: (oon

Amount of growth Uodera

Form

Consistency

AGAR COLONIES:

Age

Temperature

Form

Elevation

Surface

Margin

Density

Other oharaeters

Beaded

But ou

4

21 degrees centigrade

Circular

Convey

Smooth

of observed

NUTRIENT BROTH:

Age

observed

da s

Temperature _22dfigreeso

Surface growth None

Subsurface growth None

Amount of growth Moderate

Sediment Flocoulen
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Table 20 (continued).

GELATIN STAB:

Age 4 days

Temperature 21 degrees centigrade

Liquefaction aterifo

Rate Moderate

ACTION ON NITRATES:

Age

Temperature

6 days

21 degrees centigrade

Medium Potassium nitrate broth; with

Nitrite

Gas (N)

sea-water

None

MOLE PRODUCTION:

Age

Temperature 21 degrees centigrade

Medium

Indole

None

4

Pe tone sea-water broth

Abse

RELATION TO FREE OX3CG

Age

Temperature

Medium ZoBell 2216

Method Anaerobic ar alkaline o slate

4 d

21 degrees centi de



Table 20 (continued).

RELATION TO FREE OXYGEN: (continued)

Aerobic growth Present

Anaerobic growth Present but slight

RATURE RELATIONS:

Growth in refrigerator (5° C.) Absent

Growth at room temperature (21° C.) Present

Growth at 37° C. Present but slight

Growth at 50° C. Absent

POTATO SLANT:

General characters Growth: abundant

FERMENTATIONS:

Glucose

Lactose

Sucrose

cream colored

Acid but no a

No acid or gas

No acid or gas

ACTION ON MILK:

Age 4 days

Temperature 21 degrees centigrade

Indicator Litmus

Reaction

Acid curd

Neutral
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Table 20 (continued).

ACTION ON MILK: (continued)n d)

Peptonization Some in 15 days

Reduction None

ADDITION TESTS:

Reaction on tose Acid, no gas

-- Ma nitol Acid, no gas

Salicin No acid

Starch is hydrolyzed

Brilliant green bile, no growth

Koser's citrate, no growth
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Table 21. The morphological, cultural, and physiological
characters of the isolated organism Bacterium
chitinoohroma

Source

Habitat

Date

water from Ya na B- 0 e

ne sand mud 632

CELL MORPHOLOGY:

Medium

Form and arrangement

Motility in broth

Size

media

Rods

Motile

0.5 x 0.9 microns

Flagella Not demonstrated

Irregular forms Non

Sporangia

Endospores:

Shape

None.

Non

None

Position on

STAINING CHARACTERISTICS:

Age

Method

Reaction

48 hours

Gram-negative

AGAR STROKE:

Age

Temperature

4 da

21 degrees centigrade



Table 21 ( continued) .

AGAR STROKE: (continued)

Amount of growth Moderate

Form Filiform

Consistency

AGAR COLONIES

Age

Temperature

Form

Visoid

4 dye

21 degrees centigrade

Ciroular

Elevation Raised

Surface Smooth

Margin Entire

Density of observed

Other characters Lemon -white

NUTRIENT BROTH:

Age

Temperature 21 de eec cents, ad

Surface growth Pellicl

Subsurface growth None

Amount of growth Moderate

Sediment

olo ed

4 da s

Granular, and scans
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Table 21 (continued).

GELATIN STAB:

Age

Temperature

Liquefaction

Rate

4 d

21 degrees centigrade

Stratifori
Moderate

ACTION ON NITRATES:

Age 7 days

Temperature 21 degrees centigrade

Medium Potassi

Nitrite

Gas (N)

INDOLE PRODUCTION:

Age

itrate. sea-wa bro

None

None

4 d

Temperature 21 degrees centigrade

Medium Pe on

Indole

ater bro

Absent

RELATION TO FREE OXYGEN:

Age

Temperature

Medium W-1 vied

Method Anaerobic alkaline pyrogalate

Aerobic growth Present

4 d

ate ees e ade



Table 21 (continued).

RELATION TO FREE OXYGEN: (continued)

Anaerobic growth Absent

T ERATURE RELATIONS:

Growth in refrigerator (50 C. Absent

Growth at room temperature (2l° C.) Pr es

Growth at 370 C. Pres.

Growth at 50° C. Absent

POTATO SLANT:

General characters Scant growth

RMENTATIONS:

Glucose Acid but no Mas

Lactose No acid or gas

Sucrose Acid, but no gas

ACTION ON

Age

Temperature

Indicator

Reaction

Acid curd

4 days

21 degrees centigrade

Litmus

Neutral

None

Peptonization

Reduction

one

None

69
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Table 21 (oontinued).

ADDITIONAL TEL;TS:

Starch hydrolyzed

Koser's citrate is not utilized

Brilliant green bile -- No acid or gas

Reaction on -- Glycerol Acid

Mannitol Acid
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Table 22. The morphological, cultural, and physiological
characters of the isolated organism Bacillus

Source

Habitat

Date

Water from Yaquina Bay, Oregon

1 water 70

7 1

CELL MORPHOLOGY:

Medium Nutrient broth

Form and arrangement

Motility in broth

Size Diamete

Flagella

Irregular forms Present

Rods

Motile

he.n O.8 microns

Not demonstrated

Sporangia Rods

Endo spores:

Shape

Position

Present

Spherical

Terminal

STAINING CHARACTERISTICS:

Age

Method

8 days

Kopeloff's

Reaction

AGAR STROKE:

Age

Temperature

2 weeks

21 degrees centigrade



Table 22 (continued).

AGAR STROKE: (continued)

Amount of growth Moder

Form

Consistency Viscid

Miro

AGAR COLONIES:

Age

Temper u

Form

Elevation

Surface

Margin

6

1 de:rees 0 d

Convex

Smooth

Entire

Density Not observed

Other characters Colonies small;

green to yellow

NUTRIENT BROTH:

Age

Temperature

Surface growth None

4 da a

21 degrees centigrade

Subsurface growth Turbid

Amount of growth Moderate

Sediment Viscid

72
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Table 22 (continued),

GELATIN STAB:

Age 14 day

Temperature 21 degrees centigrade

Liquefaction Infundibuliform

Rate Slow

ACTION ON NITRATES:

Age 14 days

Temperature 21 degrees centigrade

Medium Potassium nitrate bro

Nitrite Non

Gas (N) None

INDOLE PRODUCTIO

Age

Temperature

Medium

Indole

6 days

21 degrees centigrade

Peptone broth

Absen

RELATION TO FREE 0 G :

Age da

Temperature 21 degrees centigrade

Medium Nutrient broth

Method Anaerobic jar, alkaline pyrogalate

Aerobic growth Present
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Table 22 (continued).

RELATION TO FREE OXYGEN: (continued)

Anaerobic) growth Prese

TEMPERATURE RELATIONS:

Growth in refrigerator (5° C.) Absent

Growth at room temperature (21° C.) Present

Growth at 370 C. Absent

Growth at 50° C. Absent

POTATO SLANT:

General characters Growth: abundant, yellow,

butyrous

FERMENTATIONS:

Glucose Acid and as at 21 d

Lactose

Sucrose

ACTION ON MILK:

Age

Temperature

Indicator

Reaction

Acid curd

Peptonization

Reduction

Acid and as at 21 days

Acid and gas at 21 days

6 days

21 degrees centigra

Litmus

Alkaline

None

on



Table 22 (continued) .

ADDITIONAL TESTS:

Brilliant green bile -- A cid but 5 per cent gas

at 3 weeks

Nutrient gar stab Moderate surface growth

Koser's citrate -- Not utilized by this organism
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Figure 5. Section of the Oregon State College
Bacteriology Department in which the identifica-
tion study was carried out.
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THE FEEDING OF STAINED BACTERIA
TO LARVAL, OSTREA LURIDA OYSTERS

Food, according to Webster, (12, p.389)

nutritive material taken into an organism for growth,

work, repair, or for maintaining and sustaining an organ

ism. Therefore, to gain an insight into the possibility

that bacteria might serve as a food for the larvae of the

Native Pacific Coast oysters, experiments were devised to

determine if bacteria are ingested, and utilized to pro-

vide or maintain growth for this oyster larvae. To ascer-

tain if baoteria are ingested the following experiment was

carried out.

About one hundred Ostrea lurid& larval oysters were

placed into each of nine different two-hundred cubic cen-

timeter glass beakers which contained two hundred milli-

liters of sterile sea-water. Test larvae were obtained

from adult oysters which had been induced to spawn artifi-

cially under controlled laboratory conditions. They were

rendered free of materials which might serve as a food

substance by dilution and chemical filtration. Further

precautions were taken to insure that all of the sea-water

used as a holding medium, was free of microorganisms.

These three procedures are described in previous sections

of this report. To larvae In the beakers were introduced

stained cultures of each of the nine isolated bacteria.



78

Bacteria from pure cultures of the isolates growing on

semi -solid slants were stained using the following pro-

cedures. Bacteria were washed from the slants with five

milliliters of filtered, sterile sea-water. Methylene

blue staining solution was added to the resulting suspen-

sion. A five-minute time interval was then allowed for

the stain to penetrate the bacterial cell walls. After

five minutes had elapsed the suspensions were transferred

to sterile centrifuge tubes and centrifuged at a moderate

speed for twenty minutes, This was sufficient to cause

the bacterial cells to settle to the bottom. The liquid

above the bacterial cells was drawn off by the use of a

Pasteur pipette coupled with suction from a Venturi pump.

Catch bottles were placed between the connections of the

pump and pipette to prevent contamination or run back of

water from the suction pump. Subsequent dilutions and

centrifuging were continued until the wash water in the

centrifuging tubes remained clear. This final wash water

was then decanted from the mass of bacterial oells and

discarded. These stained bacterial cells were transferred

to the beakers containing the oyster larvae, and a gentle

stream of air was bubbled through each. This air not only

provided oxygen to the larval oysters, but also tended to

separate the bacterial masses of cells and distribute them

throughout the sea-water in the test beakers.
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It was assumed that if the oyster larvae ingested

the stained bacteria introduced, these bacteria could be

easily observed in the larvae. Microscopic examination of

the larvae after feeding disclosed the presence of many

stained bacteria in their digestive tracts. These

appeared as a blue mass in the rather transparent surround-

ing body tissue of the larvae. Many stained bacteria were

observed to be clustered around the cilia of the oral cav-

ity, and a definite blue line of stained bacteria could be

traced throughout the winding digestive tract. More

stained bacteria were observed in the gut of the various

teat larvae after they had been allowed to feed for at

least three hours. The greatest number of bacteria were

observed, in all cases, after four to six hours of feeding.

However, some stained bacteria were still present in the

gut of most of the larvae at the end of the twenty-four

hour test period. By this time, however, the bacteria

were much lighter, making identification of stained organ-

isms somewhat difficult. 3acterium marinopiscosus and

Bacterium chitinochroma appeared to be ingested in the

greatest numbers. Pseudomonas membranoformis and Pseudo-

monas calcis appeared to be ingested in the least numbers.

The remaining bacterial types were ingested in about equal

moderate numbers. This feeding experiment was completed

several times using test larvae obtained from different
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sets of brood oysters, and in every case the stained bac-

teria were found to be ingested.

An attempt was made to secure colored photomicro-

graphs of these larvae to demonstrate the presence of

stained bacteria in the gut of the larvae. However, the

resulting prints were not satisfactory so they were not

included in this investigation. Several blaok and white

photomicrographs were obtained which do show stained bac-

teria in the digestive tract. These are shown in Figure 6.
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Figure 6. Larval, Ostrea lurida oysters which contain
stained bacteria in their digestive tracts.
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THE USE OF A RADIOACTIVE TRACER
TO DETERMINE IF INGESTED BACTERIA ARE UTILI

BY THE LARVAE OF OSTREA LURIDA

In attempt to demonstrate whether ingested bacteria

could be digested and utilized by the larvae of Ostrea

lurida a tracer substance, radioactive phosphoric acid,

was employed. Several bacterial species were grown on

culture media containing the radioactive acid. Then these

bacteria, which had become radioactive, were fed to oyster

larvae and their radioactivity was determined. It was

assumed that if the ingested bacteria are digested by the

oyster larvae throughout a period of twenty-four hours, a

corresponding increase of radioactivity should be noted.

Whereas, it the radioactive bacteria are ingested and

passed through the digestive tract without being utilized,

the corresponding radioactivity should be relatively con-

stant.

Inocula of Bacterium marinopiscosus and Bacterium

chitinochroma were placed into nutrient broth containing

1.0 milli Curie of radioactive phosphoric acid, as the

isotope P32. These bacteria were allowed to grow in these

broth cultures for a period of twenty-four hours. Samples

of these bacteria were then checked to determine if they

had acquired any radioactivity. Other samples were also

taken to determine what effect, if any, the radioactive

substance might impart to the bacteria. To ascertain if
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the bacteria had become radioactive, ten cubic centi-

meters of the bacteria and media were removed from each of

the stock cultures. These samples were centrifuged and

washed with sterile non-radioactive sea-water to remove

any radio-active materials which might adhere to the bee-

terial cells. The cells were washed and centrifuged until

the wash water gave a negative reading. Generally, about

five such dilutions and centrifuging procedures were nec-

essary before a negative reading was obtained. The re-

maining bacterial cells were then transferred to counting

disks of the radioactivity monitor, and dried under an

infrared lamp until all of the moisture in the disks was

evaporated. These disks, containing the dried bacterial

cells, were then placed into the counting chamber of the

radioactivity detecting apparatus. The reading given by

the Tracer Lab monitor denoted that the bacterial cells

were highly radioactive. To further determine if the

radioactive constituents in the broth cultures damaged the

organisms, inooula of these organisms were streaked on

slanted semi-solid media and incubated at room temperature

for forty-eight hours. Bacterial growth was evident on

the surface of the media, denoting that the addition of

the radioactive phosphoric acid did not damage or cause

loss of reproduction to the test bacteria.

The radioactive bacteria were introduced to the



oyster larvae as follows: two hundred Ostrea lurid*

larvae were planed into each of three small beakers which

oontained several hundred oubio centimeters of sterile

sea-water. To the larvae in the oontrol beaker were added

four cubic centimeters of radioaotive media which did not

contain any radioactive bacteria. To beaker number two

was added a four cubic centimeter suspension of media and

cells of the radioactive organism Bacterium marinopisoosus.

Four cubic centimeters of a mixture of media and the

radioactive organisms Bacterium marinopisaosus and Beater

ium ohitinoohroma were added to the third beaker of lar

vas. Fifty oyster larvae were removed from each of these

three beakers at the end of two, six, and twenty-four

hours of feeding time, and the amount of radioactivity

which they contained was determined. Particular attention

was made to select exactly the same number of larvae each

time, and to wash off all of the radioactive substances

adhering to the outer surfaces of the larvae. The follow-

ing techniques were applied to satisfy the above precau-

tions.

The test larvae were removed from the three beakers

with the aid of a Pasteur pipette coupled to a suotion

bulb. About ten larvae were removed at a time and placed

onto a watch glass where they were further counted. A

nine-power hand lens proved quite helpful in making this
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count. Larval oysters were removed from these beakers in

this manner until the required fifty larvae per watch

glass had been counted. After the required larvae had

been collected on the various watch glasses, they were

washed into each of three small beakers containing sterile

non-radioactive sea-water. The radioactive materials

which might be adhering to the outer body surfaces of the

larvae then could be removed by a process of washing and

dilution. In order to separate the test larvae from the

wash water a solution of calcium hypochlorite, as avail-

able chlorine, was employed. It was found that the addi-

tion of a solution of calcium hypochlorite, in concentra-

tions of five parts per million, would cause the oyster

larvae to stop swimming and settle to the bottom of the

beakers. The beakers were then gently rotated in a cir-

cular direction; this swirling motion of the water in the

beakers caused the larvae to be massed in the center and

bottom of the beakers. The overlying wash water then

could be siphoned from the larvae. Care was exercised

always to leave some water just above the larvae so they

would not be drawn up into the suction tube. Subsequent

washings and dilutions were made until samples of the wash

water gave low radioactive readings, when scanned with a

detecting monitor. A negative reading was not obtained

because the monitor would pick up some activity from the
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background of the laboratory. Generally, if the

water did not show more than two counts per minute it was

judged that the outer body surfaces of the test larvae

were relatively free of radioactive substances. It was

found that about eight such washings and dilutions were

necessary before the final wash water would satisfy the

above requirement. These larvae were then transferred

from the washing beakers to component receptacles of the

radioactive detecting apparatus. At this point the larvae

were again counted to determine if any of the original

fifty larvae had been lost during the washing process.

If no larvae had been lost, these receptacles were placed

under an infrared lamp and the water surrounding the test

larvae was evaporated to dryness, (Figure 7). The amount

of radioactivity which the larvae contained could then be

determined. A Tracer Lab monitor, (Figure 8), was used to

detect this activity. In general, the above procedures

were used to prepare and determine the amount of radio-

activity which samples of the larvae contained after feed-

ing for two, six, and twenty-four hours.

Dr. S. C. Fang, of the Oregon State College Chemistry

Department, supervised and directed the major part of this

experiment. Further credit is also given to Dr. Fang for

completing all of the radioactivity determinations. The

data obtained for this experiment are given in Table 23,
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Figure 7. Radioactivity laboratory showing
infrared lamp used to evaporate media in counting
receptacles, before the actual radioactivity is
determined.
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Figure 8. Tracer Lab monitor, 64 scaler, used to

measure the amount of radioactivity contained by

bacteria and larvae.
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Table 23. The amount of radioactivity contained by the
test larvae when fed on radioactive media and
bacteria. Concentration of radioactivity in
counts per minutes.

Time

in

hours

Radioactive

Media

Radioactive

Bacterium

Radioactive

B. marino-

marinopis-
pisoosus

and
B. chitino-cosus
chroma

2 hours 0.0 6.9 7.6

6 hours 6.6 76.3 39.0

24 hours 2.2 45.1 88.0
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and are further plotted graphically in Figure 9. It can

be readily noted here that the larvae feeding on medium

only did not acquire a great deal of radioactivity even at

the end of the twenty-four hour feeding period. However,

the larvae which were fed cultures of radioactive B3acter-

um and Bacterium tinochroma acquired a

great deal of radioactivity over the twenty-four hour

feeding period. In the third case, where the larvae were

fed a mixed culture of radioactive Bacterium arinopis

cosus and Bacterium chitinochromal the test larvae

acquired an ever increasing amount of radioactivity as

they were allowed to feed. Because the larvae did not

become highly radioactive when fed on radioactive medium

alone, but did acquire large quantities of activity when

fed cultures of radioactive bacteria, seems to indicate

that the bacteria which were ingested must have been

digested and utilized by the larval Ostrea lurida oysters.

However, to substantiate this assumption it would be ad-

vantageous to determine whether the Ostrea lurida larvae

could maintain or sustain growth when fed on an exclusive

diet of bacteria.
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BACTERIA AS AN EXCLUSIVE DIET
FOR LARVAL OYSTERS

The final requirement of a food is that the mat

rial, after being ingested by an organism, is utilized

and serves to maintain or sustain the growth of an organ-

ism. To determine if bacteria might serve as a food for

the larvae of the Native Pacific Coast oyster, several

bacterial species were fed to these larvae. Observations

were made to ascertain if the larval oysters would grow

when fed on an exclusive diet of these bacteria. Primary

considerations for this experiment were: (1) larval oys-

ters must be secured free of food materials; (2) the sea-

water medium must be free of food materials other than

bacteria; (3) appropriate apparatus must be devised which

would provide an environment suitable to the test larvae

during the course of the experiment.

All of the sea-water intended for use as a holding

or rearing medium was rendered free of algae and protozoa

by chlorination and filtration. Also the test larvae

were freed of these food materials by chlorination and

dilution. It remains to devise appropriate containers,

etc. which would provide a suitable environment for the

test larvae during the course of the growth determining

experiment.

Appropriate apparatus for rearing and feeding the
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test larvae must (1) hold the sea-water, larvae, and

bacteria during the test period; (2) it mat permit a

means whereby the rearing water can be changed frequently

and easily without causing damage or excessive loss to the

test larvae; and (3) some means must be provided whereby

the rearing water can be continuously aerated. The appa-

ratus shown in Figure 10, (p.94), meets these requirements.

A four-liter glass beaker is used as a container for the

rearing water, larvae, and bacteria. The holding water

can be removed without excessive loss or damage to the

test larvae by filtering it through the sand filter in the

bottom of the beaker. An open end tube filled with glass

wool is placed in the sand filter, and is connected to a

suction line. As suction is applied, the water in the

beaker is drawn through the sand filter into the small

open end tube of glass wool and out to the suction pump.

Only about two liters of water are removed at one time,

for some water is always left above the sand filter to

hold the test larvae. Fresh sterile sea-water can be

introduced into the beakers by connecting a rubber tube to

a bottle, held above the beaker, and letting the water run

into the beaker by gravity flow. A small glass tube

coupled to an aerator motor furnishes a gentle stream of

air to the holding water, The beaker, (A) in Figure 10,

is placed into the ()rock (B) in the water bath. The



Figure 10. Containers and apparatus used in growth feeding experiment.



95

temperature of the water bath can be regulated to give

the desired temperature needed in the holding water in

beaker (A). Three complete units of these rearing beak -

ers, crocks, and water baths were assembled.

In carrying out the experiment all of the sea-water

was rendered sterile by a process of chlorination and fil-

tration. The test larvae were freed of unwanted food

materials by chlorination and dilution. About four thou-

sand of these larvae were placed into each of three beak-

ers, (Figure 10), containing the sterile sea-water. Lar-

vae in the control received only sterile sea-water. The

larvae in beaker number two were fed a culture of about

nine billion Bacterium marinopiscosus daily for a period

of ten days. The larvae in beaker number three were fed

a culture of about nine billion Bacterium ohitinochrome

daily for the ten-day test period. The temperature of

the rearing water was maintained at eighteen degrees

centigrade throughout the experiment. The pH of the water

was found to be about 8.0, with a corresponding salinity

of twenty-eight parts per mille. The water in the beakers

was continuously aerated and changed every two days. Sam-

ples of ten larvae were randomly drawn from each of the

three beakers daily so that observation of their condition

and measurement of their growth could be made. Other sam-

ples of water were taken daily and incubated at room
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temperature in the presence of sunlight to determine if

algae or protozoa were present. The results of the aver

age growth measurements are plotted graphically in Figure

11.

From this it can be noted that the test larvae which

were not fed did not show any appreciable growth. More

over, it was found that these larvae finally died after

only five days of the test period had elapsed. However,

larvae which were fed bacteria did show an appreciable

gain in growth. Greatest amount of growth was obtained

with Bacterium marinopisoosus. This demonstrates that

bacteria can serve as food for the larvae of the oyster

Ostrea lurida.
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SUMMARY

This investigation was divided into two main divi-

sions. The first part consisted of developing techniques

for securing test larvae, development of techniques to

insure that the test larvae were free of algae and proto-

zoa, isolating and identifying the bacteria used for feed-

ing experiments. It was found that adult 0 lurida

oysters could be induced to spawn under laboratory condi-

tions if certain precautions are followed. The main pre-

cautions to be considered when adult Ostrea lurida are

induced to spawn artificially in the laboratory are: the

brood oysters must be sexually matured and in prime condi-

tion; they should also be seleoted from different areas

of the oyster colony; the temperature of the holding water

in the brood jars must be brought to about twenty degrees

centigrade and maintained at this temperature until spawn-

ing occurs; the salinity of the holding water should be

around twenty-six to twenty-nine parts per mile and have

a pH of about 8.0. The holding water must be aerated con-

tinuously and changed at frequent intervals.

The development of techniques for obtaining test

larvae free from food materials progressed along several

directions. First, investigations were made in an attempt

to secure larvae free of food materials by treating the

adult brood oysters with chemical agents prior to the



release of the larvae. This technique proved to be

satisfactory and unreliable. Therefore, the procedure was

modified to obtain oyster larvae free of algae and proto-

zoa as suggested by Mr. Eugene P. Haydu. Briefly, this

consisted of chlorination and dilution. Sea-water was

first chlorinated and then filtered through a Berkefeld

filter. A number of oyster larvae were then placed into

portions of this sea-water. A solution of calcium hypo-

chlorite (available chlorine) was then introduced causing

the larvae to settle to the bottom of the beaker. After

siphoning off the overlying water from the larvae, sterile

sea-water was again added. Several such dilutions and

chlorinating procedures were made. Samples of the final

holding sea-water were incubated at room temperature for

several days to determine if any algae or protozoa re-

mained. This procedure was found effective for securing

test larvae free of algae and protozoa.

In obtaining the bacteria for later feeding and

growth experiments, it was decided that they should be

isolated from rearing crooks in which Mr. Haydu and the

writer had successfully reared larval Ostrea lurida.

These bacteria were isolated and grown on three types of

nutrient media. Nutrient agar was used to isolate normal

soil and fresh water types of bacteria. ZoBell's medium

was used to isolate the sea-water types. For starch
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hydrolyzing bacteria, whose presence was logical in view

of the nature of the larvae rearing water, W-1 medium was

used. Morphological, cultural, and physiological charac-

ters of the isolated bacteria were determined, and they

were classified into nine species according to Bergey 's

Manual of Determinative Bacteriology. They were identi-

fied as: Bacterium, mar nopisoosua, Pseudomonas membrano-

tomtit, Pseudomonas oalcis, icrococcus varians,

Bsohericia coil Bacterium eociovivum, Bacterium ehitinow

chroma, and Bacterium fulvum and a Bacillus species.

The second major portion of the investigation con-

sisted of experiments to determine if bacteria could

serve as a food for the Ostrea lurid* larvae. To deter

mine it bacteria fulfilled the requirements of a food,

experiments were designed to ascertain (1) if bacteria

were ingested by the larvae, (2) if the ingested bacteria

were utilized, and (3) it the larvae would grow on a diet

of bacteria. Cultures of each of the nine isolated bac-

teria were stained with methylene blue and fed to the

oyster larvae for a period of twenty-four hours. Micro-

scopic observation at various time intervals disclosed the

presence of these stained bacteria in the digestive tracts

of the larvae. All of the nine different types of bac-

teria were found to be ingested. Three such experiments

were conducted by using larvae obtained from different
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brood oysters, and in all oases the stained bacteria were

found to be present in the larval digestive tracts. To

determine if the ingested bacteria could be assimilated

by the larvae, radioactive bacteria were fed. Larvae on

this diet showed increasing radioactivity over a twenty-

four hour period. Growth gain was shown by two different

groups of larvae, each fed on different bacterial iso-

lates.



102

CONCLUSIONS

Adult Ostrea lurid* oysters can be induced to spawn

artificially under laboratory conditions. The procedure

employed, while generally successful, is less effective

during three or four months following natural spawning.

Larval oysters can be obtained free from algae and

protozoa by techniques of chlorination and dilution.

Bacteria can be ingested by larval oysters. Of nine

species isolated from larval cultures, some were more

readily ingested than others.

Radioactivity of oyster larvae can be induced by a

diet of radioactive bacteria. This is taken as evidence

that bacteria are assimilated by the larvae.

Larval oysters fed an exclusive diet of bacteria can

maintain themselves and show appreciable gain in growth.

Greatest amount of growth was obtained with Baoterium

marinopiscosus. This demonstrates that bacteria can serve

as food for the larvae of the Native Pacific Coast oyster.

In showing that bacteria can serve as food for oyster

larvae, Ostrea lurida, this investigation has answered

part of the general question as to what larvae of Ostrea

lurida eat during the free swimming period before setting

and becoming oyster spat.

Recognized limitations of the investigation include
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(1) the growth feeding experiments were not oarried on

throughout the larvae's complete Tres swimming period;

(2) no attempt was made to determine the relative value of

bacteria as food for this organism. These problems could

well be subjects for further research.
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APPENDIX

NUTRIENT AGAR

Beef extract ....... **************
Peptone *** . ***** . ******
Agar
Distilled water. ***** . ***** .

Adjust the p to 6.4 - 7.0

3 grams
5 grams

15 grams
1 liter

ZoBell, 2216 media

Bacto-peptone . ****** . ******** ........ 5 grams
Ferric phosphate ****** . * 0.1 gram
Baoto -agar ***** ......... ........... 15 grams
Aged sea-water *Of ...... 4/0000080414.00 1 liter

W-1 media

Sodium acid phosphate ... ...... 0.1 gran
Potassium nitrate ..... . . ..... ..... . .. 0.6 gram
Starch 3 grams
Agar 15 grams
Sea-water
Distilled water To give a salinity of 17 p.p.m.


