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THE FLAGELLATE BODO LENS (0.F. MULLER) AS FOOD
FOR LARVAE OF THE NATIVE PACIFIC COAS8T OYSTER

.~ I. INTRODUCTION

Investigation Background and 3cope

| This paper covers studies made at the quuina
Bay Leboratory of the Department of Fish end Game Manage-
ment of Oregon State College, figure 1, during the summer
of 1950 with Bodo lens (O.F. Muller) as a’focd organism
for the larvae of the Native Pacific Coast Oyster, Ostrea
lurida Carpenter, Work was first begun by the Department
of Fish snd Game Management on the native oyster in 1939
when Professor Roland E. Dimick undertook a study to
determine facts that might serve as sn s8ld in the rehab-
i111tation of the depleted native oyster fishery of
Yaquina Bay. It was from this study, which lasted until
1946, that 1t was determined that the chief limiting
factor to commercisl native oyster production was probably
insufficlent succesaful natural reproduction. An inves-
tigation was then undertaken to find, 1f possible, a
method for artificially rearing native oyster larvae which
might eventually result in the praduetidn of native
oyster seed on a commercisl scale, Oyster investigators
working on artificial rearing of the larvae have long
been troubled with the problem of furnishing the proper



food organisms for the lervae. Partlal successes with
larval rearing obtained here have probably in part been
due to the feeding of cultures of a colorless, naked
flagellate, Bodo lens, to the larvae. The phase of the
investigation reported here was devoted to & study of
Bodo lens, its ldentification, 1ts requlrements, its use
as 8 larval food, and the factors that influence its

growth under laboratory conditions,

Investigation from the Summer of 1939 until the Summer
of 1950

The studies conducted by the Department of Fish
and Game Management from the summer of 1939 until 1946 |
were concerned with the factors affecting the reproduction,
survival, and growth of the native oyster in Yaquina Bay.
Periodicy in spawning, survival of larvae, character of
‘the substrate to which the larvae must eventually attach,
success of sttaching, or setting, of larvae, and grovth’
of adults wére &ll investigated. Once & larvae has
attached to the substrate, or has set, it is much more
able to withstand severe environmental conditions and has
become a spat, the "seed oyster" of the industry. It was
found from the study of the success of larval setting
during various years that only approximately once every

four years was the "set" large enough to sustein a
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Figure 1. Yaquina Bay Laboratory of the Department of Fish and Game A
Management (photograph by E.P. Haydu)



commercial fishery., If the native oyster flshery of
Yaquins Bay were again to attain commercial importance,
& new source of seed oysters would need to be found.

Mr. Robert W, Morrls, research assistant of
the Oregon Agricultural Experiment Station, began work
in 1946 to determine a method for artificiaslly rearing
the larveae of the native oyster from the time 1t is
released from the adult to the time 1t has setl and become
a spat., During the next three years he was aucaesarul in
keeping the larvae alive for inecreasing pefiods of time,
though he did not succeed ln rearing them to the apat
stage. Various methods and materials were sxpariganted‘
with during this period, and many of these became a
necessary part of 1ater'work. |

The first suaecsnful rearing of nativu oyst&r
1arvaa to the spat stage &t the Yaquina 1aboratory was
done by Mr. Eugene P. Haydu in the late summer of 1949,
The following winter the success was repeated when
larvae were mede availsble through induced spawning of
the adults., ?hesa successes were felt to be due in part
to feeding thé larvae rich cultures of small protozoa
and frequently changing the water to prevent the

acoumulation of nitrogenous wastes.,



Investigation during the Summer of 1950

Experimentation during the summer of 1950 was
designed to clarify the role of food organisms and |
nitrogenous wastes in the rearing of oyster larvae, and
to improve methods of rearing larvas on an experimental
scale, Work of the preceding summer and winter had indi=-
cated that proper food and proper control of nitrogenous
wastes were théAprimary requisites to the succeasful
rearing of 1ar§ae. The results of work done during the
summer of 1980, however, forced & modification of thls
concept of the problem, and this will be discussed léter.

Though food is probably not the main factor, or
even one of the two factors, determining success 1n’tha
rearing of oy#ter larvae, it doubtlessly plaja an impor-
tant role; and a large pert of the summer was devoted to
1ts study. Food was cohsideﬁed asvcansiating of aithaf
bacteris or pretoxoa or both. The algae were not |
carefully consldered as it was hoped the rearing could be
carried out under conditions of semidarkness. MNr. Gerald
H. Watason conducted & study of bacteria as larval food,
while this paper is a report on work done to determine
the role of protozoe as larval food, .

Bodo ;ggg wag the proﬁozba about which most of

this psrt of the work centered, as this organism weas



considered as probably being an important larval food.
The éxperimanta were selected and designed to determine
the characteristles of Bodo lens, whether it is suitable
as & larval food, how it can be best used for this pur-
pose, and under what artiflcial rearing conditions the
production of this orgunism 13 maximum, Not all of the
determinations made from these experiments could be final,
The investigation and experimentation involved the
identification, culturing, and growth determination of
Bodo lens; & study of the ingestion and assimilation of
this organism by the larvese; the rearing of natlve oyster
larvae; and e study of the factors determining the
production of protagaa. These and minor studles are

included in the following sections.



II. REVIEW OF LITERATURE

Reproduction end Development of the Native Oyster

Reproduction

A olear understanding of reproduction in th@
‘native oyster has been brought about through the investi-
gations of Stafford (32, pp. 131-132) and Coe (6, pp. 119~
144)., The native oyster is a protandric hermaphrodite
(alternately male end female), and the egges are fertilized
in the mantle cavity of the femele by sperm which have
been released into the water by the male, ,

Noore ﬁndoratoad that there was & hermaphrow
ditic oyster on the coast of Washington (25, p. 268), but
he d1d not realize this oyster was Ostrea lurids, which
he mentioned on the previcus page. Stafford found the

eggs and sperm of Ostrea lurida assoclated in the same

gonad and came to the conclusion that this oyster was @
hermaphrodite (33, pp. 131-132). Coe determined that this
oyster was protandric hermaphrodite and workad‘out the
sex oycle (6, pp., 119-144), OGerm cells first mature in
the one~year-old oyster and it is at this time & male

(6, pps 122-124). The native oyster, from this time on,
is alternately female and male; though germ cells of both

sexes may be present at the same time due to the phaso
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change beginning before dlascharge of the sex products iu
complete (6, p, 129).

- Sperm balls containing the sperm are released
into the water by the male oyster, The sperm separate
from these balls and finally reach the mantle cavity of
the female., The eggs are released into this cavity by
the female, end here fertiligzation takes place and

development begink. (15, p. 271)
Development

The early development of 0Ostres luridas was

worked out by Stafford (33, pp. 107-108) and was recently
investigated by Hori (15, pp. 271-272), who was appar=-
ently unaware of Stafford!'s work. Hopkins was able to
determine by sampling the larvae in the mentle cavities
of the adults the sverage period of time required for
larvee to resch the various stages of development (12,
Pp» 467-470), The drawings of the development of native
oyster larvae included in figure 2 sre taken from Horl
(15, p. 274).

~ Fertilization of the egg takes place on the
gills in the mantle cavity of the female native oyster.
The newly formed zygote then begins dividing into macro=
meres and micromeres, A morula forms, figure 2 drawing 68,

and then the blastula develops. The invagination
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resulting in the formetion of the blastopore and archen~
teron glves the gastrula a rather heart-shaped appearance,
figure 2 drawing 7. The gastrulas soon develops a proto-
troch which enables it to swim by c¢iliary action. Untll
this stage the embryos are white and are termed "white
sick." (15, p. 271) The formation of the prototroch
takes plece én sbout the third day (12, p. 4e8). |

Shells become apparent on the larvae, rigure-a
drawing 8, on the fourth day (12, p» 468). By the fifth
dey the shells aah enclose the’iarﬁaefaémﬁlétely, and it
 has reached the straight-hinge stage (12, p. 470). The
larvag darken and soon are termaa,"blaak»siék“, figure 2
drawing 9, at which tiﬁe they are due for release from
the mantle cavity (15, p. 272). Tﬁey are ordinarily
somewhat less than 180 mu at this time (15, p. 272) and
have required an average of ten days to attain this
development (12, pp. 467-470).

After their release from the mantle cavity the
larvae are freafawimming for & paﬁicd of about one month
(12, pe 470). At the end of this time they have grown
to about 320 mu, figure 2 drawing 16, and are ready to
set (15, p. 273), though this size may vary some with
different conditions (12, p. 471), With attachment and
metamorphosis, the larvae have become spat, the "geed"

of the oyster indusiry.
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Figure 2. Development of Native Pacific Coast Oyster
(Ostrea lurida) from Hori (15, p. 274). 1, Sperm-
ball; 2, Ovum; 3, Ovum with polar bodies; 4, First
cell division; 5, Second cell division; 6, Third cell
division; 7, Gastrula stage; 8, 9, Larvae in the
stralght-hinge stage; 10, Shell 205 x 183 mu (umbo
developing); 11, Shell 230 x 210 mu; 12, Shell 260 x
240 mu (right side); 13, Shell 260 x 240 mu (left
side); 14, Shell 260 x 240 mu (umbo side); 15, Shell
300 x 280 mu (umbo prominent); 16, Larvae full grown
320 x 310 mu; 17, Spat.
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Artificisl Rearing of Oyster Larvae

Early Efforts

Efforts to rear oyster larvae under artificial
conditions extend back at least into the 1880's, and the
manyyinvestigationﬁ conducted since then have resulted in
conslderable literature. An attempt will be made to
outline the progress of these lnvestigatlions by reviewing
what are conslidered some of the more importent contri-
butions, |

Interest in the artificlal rearing of oyster
larvae developed soon after 1879 when Brooks was success-

ful in artifieislly fertilizing the eggs of the American

oyster, QOstres virginica (1, p. 426). The same year he
was able to kéep the larvae slive for six days, or until
they reached the stralght-hinge stage., At this time he
was aware of the difficulties of maintaining proper
temperature, changing the water;~an&‘furniahing the correct
food for the larvae. {2, pp. 449-451) |
Ryder was posslbly the first to attempt to utie-
lize on a commercial basls the technique of artificiasl
fertlllizatlion developed by Brooka., He proposed that the
natural production of larvae in oyster spawning ponds be
suppleménted by larvae from artifieia11y~rertiliz¢d'eggn
(30, p« 399). ¥Not actually rearing the larvee, he would
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hold them in dishes only until they reached the swimming
stage; at which time he would release them in s manner
daséribed by him In the following quotation.

It is during the flood tide that I

would therefore recommend the prao~

tice of putting artificially-

fertilized embryos in the swimming

stage of development into the outlet

of the eanal to be swept back amongst

the collectors toward the spawning

pond, (30, p. 400)

Nelson, in 1904, was attempting to rear larvae
until the spat stege in small containers of various
descoriptions., He did not sccomplish this, though he did
rear larvee to shelled stages. (28, pp. 415-434) At
this time he was not trylng to produce spat on & com=~
mercial basis, but his statement which follows would
indicate he thought it possible and aventually hoped to
do aso. ' |

N

Our ultimete aim is to estsblish s
system of oyster culture that shall
be as muoch under control as is fish
culture. (28, p., 420)

Recent Efforts

Hori was probably emong the sarliest investi-
gators to rear larvae under sartificial conditions until
they reached the spat stage., He was sucsessful during

1927 in obtaining & few spat from larvae of thﬁ‘Japan&a&

oyster (Ostres gigas) by feeding cultures of a smsall,
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unicellular green algae (Chlorella pacifica) and by

meking frequent water chenges (14, p. 79). 8ix years

later, Horl reared the larvae of QOstrea lurida artifi.

cially for a period of 22 days, at the enﬁycf which time
the larvae became‘spatg,\ﬂe wes unauacusufﬁl, on this |
oscasion, in rearing these larvae on Chléréll&, bﬁt
succeeded with larvae kept in vessels to whilch he acded
julce from tha fronds of Ulve. (15, p. 273)

Cole found that he was unable to obtain satis-
factory settlements of spat unless large numbers of naked
flagellates were present and that large numbers of uniw
cellular green algse were detrimental (7, p. 13). He
concluded that the free-swimming larvae were unable to
utilize such forms as Chlorella due to their inability
to digest the cell wall {7, p. 20), and hence ocould
utilize only naked flagellates (7, p. 24},

"~ Bruce, Knlght, end Parke, using growth snd

pereéntage of setilement of the larvee of Qatrea edulis

as their criteria, attempted to determine the identity
| and naturé of the algal cell best suited for larval food
(3, pp. 337-374). They obtaine& percentages of successful
settlement varying from 0,06% to 99.0% with the six
orgenisms used (3, p. 571). Slight diffgr#ngea,in the
shade of algee of the saﬁe color were thought of possible

iﬁbﬁrtanoe to the larvae (3, ps 372). The following
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explanation for differences 1n the food walue to the
larvae of the various algae was offered.

It eppeers probable that the varyling
usefulness exhibited by these differs
ently coloured orgenisms, depends
directly upon the degree to which
the included algel food reserves,
glycogen, oll, etec. serve the
immediate needs of the developlng
larvae. (3, p. 372)

By 1948 Imai was successfully rearing the larvae

of Qstres gigas to the spat sﬁaga in earthenware crocks

in which he used sand-filtered water having a salinity of
around 17 parts per thousand (16). Much of his success
was no doubt due to his use of rich cultures of lMonss (&
colorless, naked flagellate) as food for the larvae. He
has successfully reared larvae ln conerete tanks on an
experimental, seed-production basis (16)., After Monas
was found to be &an excellent larval food, Imal and
Hatanaka studlies the physicel and nutritional require
ments of Monas in order to'devalop a culture medium low in
nitrogenous components (17), The following quotation from
their paper shows the importance of thie study.

In our experience of larvel rearing,

the culture medium with organie :

. substances rich in protein content,

particularly of animael origin,

always gave negative results, pos-

sibly due to the harmful effects

of decomposition products of

organic nitrogen. (17)

Davis, working on the Atlantlc coast, reared
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larvae of Ostres lurida to the spat stage in periods

varying from 10 to 23 days (8, p. 591). He makes the
interesting stastement that larvae reared at a temperature
kept between 16.0 and 18.5 degrees centigrade never set
though they reached 280 mu after living 30 days; while
larvae reared between 19.0 and 22,0 degrees centigrade
set in 10 to 23 days when about 300 mu in size (8, p. 591).

Different investigators have worked for yesars
in efforts to artificislly rear oyster larvae, and it is
only within 6amparative1y recent years that they have
met with even moderate success., The many failures they
have experienced have certainly not all baén,due to the
same factors. The complex ecology of confined water in
which lerval resring attempts have been made leaves open
meny avenues to failure. Bruce, Knight snd Parke present
a brief and enlightened summary of the problem feced by
investigators within this rleld,

The hligh rate of mortality among

developing larvae, which has been

the experience of many workers in

the field, may be considered to be

attributable to two sets of factors

which ere inseparably assoclated

with the fact of isolation of any

amall body of weter. These factore

groups may be described as 'blologlcal!

and 'biophysicalt--the one concerns

the presence or sbsence of the

appropriate food material snd the

conditions leading to the further

production of that material; the
other involves the delicate physical
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balence, or disscclation-equilibrium,

upon which the continued usefulness

of sea water as a medium for growth

and development so greatly depends,

This grouping of causesa for failure in larval
rearing attempts allows not only for the obvious factors
such as temperature, oxygen, light, salinity, and food,
but for the subtle influences such &s the "decomposition
products of organic nitrogen" which Imail (17) considered
iﬁportant. There 1s, however, one factor which, there
is reason to believe, may be of some ilmportence and for
which no prnviaian 1s made in the above grouping.

Predation and disease may present an obstacle
to successful larval rearing. Dodgson writes of work

in which Sherwood demonstrated the predation of Noctiluca

on the larvee of QOstrea sdulis (10, p. 344}. Hori and

kusekabe offer the following &s partial reason for thelr

early fallure to rear Ostrea glgas.

In culture it is very difficult to

get rid of infusoria which are very
harmful. In healthy conditlon they
{the larvas) are not injured by them,
but the more unhealthy larvae become,
the more infusoria multiply in water
sné at last they (the larvae) dle

away being attacked by them. (13, p. 48)

Zobell mekes the followlng statement.
As the causative asgents of dlsesanes

of marine plants and animals fungl
mey be extremely important. (58, p. 133)
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Taxonomy of Bodo lens (0.F. Muller)

© Bodo lens was first described by O.F, Muller in
1786 as Yonas lens (27, p. 4). MNuller established the

genus Monas in 1773 and defined its members only &s punc-
tiform orgenisms, He very incompletely described ten
sﬁeeies in 1786, but twe'or these were later shown to be
basteria. (29, pp. 399-400) ;

Saville Kent in 1880 placed Huller's lonas lens
in the family Heteromltidse and changed 1ts genus to

Heteromita. The genus Hetaroﬁiﬁa was deseribed as include-

ing individuals which were plastic, possessed no
differentiated cuticular investment, had one anterlorly
end one posteriorly directed flagellum, asnd were without
a distinet mouth. (18, p. 260) Kent's dekaription

(18, pp. 201~293) and illustrations of Heteromita lens

were detailed and quite good.

Klebs liatb this organism as being in the genus
Bodo and in the family Bodonina of the order Protomastil-
gina (19, p. 319). Kudo described the order Protomonadina
as contalning a heterogeneous group of protogoa, most of
which are parasitic, many of which are plastic, which
have no d@finita pellicle, one or two flagella, holozole
or seprozolc nutrition, snd which as a rule reproduce by
longitudinal fission (22, p. 268). Kudo desaribed the
family Bodonlidae as & group of organlsms having’ona
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anteriorly and one posteriorly directed flagellum
origxnating in the anterior end, one to several contracw
tlle vaocuoles, reproduction by binsry riaaion,'and having
‘holozoie or saprozolc nutrition (22, p. 289).

lobmann observed an orgenism he desoribed as

Heteromits ionica (24, p. 50) which appears to be Bodo

lens. This was the opinion of Hamburger who lnoluded the
synonomy of Bodo lens (11, p. 198).

Wallesz in 1939 listed Bodo lens as eecufring in
Departure Bey on the Canedian Pacific coast along with

Bodo rostratus and Bodo caudatus (34, p. 3).

The organism that was studied during the course
of this investigation was identified as Bodo lens on the

basls of its similarity to Heteromita lens as deseribed by

Kent (18, pp. 291-293). This similarity is discussed in
the desoription of Bodo lens included in section IV. The
| organism studied showed sonslderable variation in ais&
and form. Yet, the lergest individuals were ususlly
smaller then the minimum lengths of 8 mu given for Bodo
rostratus by Wailes (34, p., 3) snd 9 mu given for Bodo
globosus by Calkins (4, p. 425). Kent agreed with Calkins
in stating that the contractile "vesicle®™ ocsupies an

anterior position in Bodo globosus (18, p. 295) end (4,

pPe 425}, As Bodo lens has a posterior vacuole, this

constitutes a less variable d1at1ngu1ah1ng characteristic
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than do size and shape. In general, the wvarious forms of
the organism identified here as Bodo lens eoineide mush
more c¢losely to the deseriptions of that species then to
those of either of the other two species, &s given by

these three workers;
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ITII. METHODS AND MATERIALS

Sources of Protozoa

- The cultures of protozoa utilized in deseriptive
and experimental work were started rraﬁ two sourses which
apparanﬁly differed little in the species present. The
: culture’aeriaa on which the deserlptions of Bodo lens and
other protozoa were based were begun with 1nnoaﬁ1&ticns
from croeks in which oyster larvae were being successfully
reared, Many of the cultures used in later experimental
work were originally 1nnaaulate& with samples of bottom
material and water from the native oyster bed areas in

Yaquina Bay.

Culture NMedla

‘The components of the two most important culture
media used in the course of this investigation are glven
in table I. It will be seen from teble I that medium #1
contains the same nutrients as medium #2 except for the
calcium chloride in ihe latter, However, much smaller
eamounts of sterech snd potassium nitrste are used in medium
#2. | |

Kedium #1 was first used for culturing protezos

at the Yaquina laboratory by Mr. Robert W. M¥orris., It
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TABLE I
Culture Media

Components Amounts ‘

o Medium #1 Medium ##2
Sea water (salinity 17 ppm) 1,00 1 1.00 1
Starch 1.80 g 0.10 g
Potassium nitrate 0,30 g Q.04 g
Scodlum acid phosphate 0.05 g 0.08 g
Calelum chloride 0.00 g 0.05 g

seems probable that he developed this medium after recelv-
ing a letter from Mr. Takeo Imai (16) giving, in & general
way, the nutrients in a culture medium being used In
oyster rearing work in Japan., Nedium #1 was used st the
Yagquina laboratory for most culture work until the summer
of 1950 when 1t was determined that medium #2 was more
suiﬁad to supposed cultural needs,

Hedium #2 contalns the various nutrients in
quantitiaa within the optimum range for culturing Monas
as determined by Imal snd Hatanake (17}, 4An experiment
condusted during the summer of 1950 (section V) indi-
cated that growth of Bodo lens was nearly as good in
medium #2 as in medium #1 in spite of the smaller amounts
of some nutrients in #2. It wes thought that these
smaller amounts would be an sdvantage in larval rearing

due to a decrease in nitrogenous material, and medium 2
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was used during the remalning part of this investigation,

Pure Culture Technique

Cultures of prctesoa "pure® in the sense thﬁt
they contained but & single speclies of protozoa (but
containing bacteria) were needed, The usual method of
starting cultures of one specles of protozoa by colleoting
& single pratbzoa with the ald of a caplllary pipette
under a microscope was found unsatisfactory. Howsver,
the following modification of this method was found to be
satisfectory. A fairly rich mixed eulture containing
the desired specles ias selected. A capillary pipette
was then used to plece & minute drop of this culture on
the corner of & clesn slide. This tiny drop was next
examined under & microscope on which the mechanliecal stage
had been set so the corner of the slide would automati-
cally fall in the center of the field. This was important
as the drop would dry bsfors it could be observed if 1t
were necessary to aéarah for it under the microscope. |
The drop was made émall enough thﬁt it would little more
‘than cover the field when using the low powar}objeetiva
with a 12.5 x anular; | |

If lerge numbers of prolozos were pfasent in
Aths first drop, the mixed culture was dlluted with sterile

medium until the drops contained zero, one, two, or three



23

protozoa, Each new drop wasg pla@aﬁ on the corner of a
clean slide, When one was observed which contained only
the specles of protozoa desired 1t was washed into &
petri dish contalning sterile medlum to start the pure
culture., It was necessary, of course, that the worker
be able to recognize the desired specles at the low

~mégn1£ioatiun.

Intra-vitam Staining

Intra-vitam stalning technique was used in
determining the morphology of Bodo lens (section IV) and
in determining the ability of oyster larvae to ingest
certain ﬁretozo&wléeation VI), Azure II was used in
- studying the morphology of Bodo lens., A drop of & water
solution of agure II was added ﬁﬁﬁseveral drops of &
good culture of Bodo lens and this was studled lmmedi-
ately beneath & mileroscope. Iﬁternal structures,
inclusions, and flagella were rendered more easily visible
in the protozoa; though the protozoa steadily lost
vitality.

The use of intra-vitam staining mede it possible
to study the feeding of oyster lsrvaé on protogoa thati
were alive yet were easily followed due to their stained
condition. Enough methylene-blue solution was added to

a culture of protozoa to give the culture a dafiﬁite
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lizht blue colér; As soon as the protazag were suf!1~
clently stained, & drop of the culture wes sdded to &
group of oyster larvee in & hollow slide with several
drops of sea water. The leeding of these lervae wes then |
studied using both the low and high power objectives of

the microscope,

Counting of Protozoa

Three different methods of uaunting protozosa
were utilized during the investigation. The firat two of
these methods were used to obtain satimataa of the numbers
of protozoa per cuble qentimeter. The third method was
devised to obtain only figurés representing relative
sbundance. As & regular counting chamber for this type
of work was not available, s Spencer haemacytomster,
improved Neubasusr type, was substituted, with modifica-
tions made in 1lts use.

In determining the growth curves of Bodo lens
{section V), counts were mede each day for nine days on
four different cultures. When & count was to be made on
one of these cultures, the culture was stirred and & 5 oo
sample was drawn off, To this wes added 0.3 ce of'ﬁalﬁnd‘g
combination fixative-stain. The sample was then shaken tp,
insure an even distribution of organisms, and a part crliﬁ

wag used to fill the chamber of the heemacytometer., This
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was then placed under the mieroscope end the high power
objective was used, The protozoa aceurfing in each of
40 of the smaller asquares were counted and the aversage
per sqﬁare was determined. This average was multiplled
by 100,000 to givo the number of protozoas per cuble centli-
meter. Two counts were made, and the average was used,
- In determining the number of Bodo lens ingested
by oyster larvae (section VI), it was necessary to modify
the procedure used above by taking a larger sample. The
procedure followed was the same except that the protozoa
occurring in each of all 85 larger squares were counted
" gtid an average per square was determined, This average
was multiplied by 10,000 to give the number of protoszoa
per cublce centimeter. This count was made three times,
rather than twice, to determine an average figurakrer use.
The study of the production of Bodo lens in
erocks having varied conditions (seoction VIII) required
g counting teshnique quite different from those used
above due to the smaller numbers of orgenisms present.
The haemacytometer could not be used, being designed to
estimate larger numbers; and 1t wes nsoesaary to devise
& technique whioch, while not actuslly determining the
numbers of organisms per cublc centimenter, would serve
as an 1ndinatieﬁ of the relative numbers of organisms

present. The sid of an appropriate sounting chamber no
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doubt would have made it possible to compare these smaller
numbers and obtein an estimate of the number of orgenlsms
per cuble centimeter. It 1s regrettabls this was not
possible, Nevertheless, though the method of comparison
is not satisfactory in all respscts, it is bellieved that
1t was & fairly rellable maaaurew&nﬁ of the mcre impors
tant differences in protozoa production under the condi-
tions that were tested,

In order to obtain an index of the relative
gbundance of protozoa in & crock, a 400 cc¢ sample was
first teken of the stirred contents, Seven different
water slides were then made using two drops of tha‘aampla
under & 7/8 inch squere, #2, glass cover slip. Each slide
was examined under the low power objective by moving the
slide so that the fleld of view passed from the right side
of the cover slip to the left side once, The nﬁmbar of
organ;ama ocourring on eash élide in this area (the
dlameter of the field in width and 7/8 inch in length)
were counted. The organisms counted were divided into
two groups: (1) those less than 10 mu being considered
Bodo lens, and (2) those greater than 10 mu belng listed
ag such, The figures obtained by averaging the counts
made on the seven slldes were then used as the indices
of the relative abundance of protozoa present in the

erock., When slides hsd extremely lerge numbers of Bodo
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lens, these were counteé'by estimated groups of ten 8o
as to facilitate the work. It is not belleved that any
errors introduced by this would appreciably affect the

final conolusions,

Source gg.ﬂativeléyatar larvae

Hative oyster 1arvaavwara obtained during the
summer of 1950 from grdups of adult oysters collected
from the beds of the Oregon Oyster Company. These adults
were tonged at low tide, and, after having thelr valves
cleaned of barnacles and other external organisms, were
placed in 12-gellon stoneware crocks of aerated sea water.
larvae which were present in the mentle osvities of some
of these sdults were usually released into th& surrounding
water within a week, Larvae can sometimes be obtained at
any season by holding the adults at the correct temper-
ature during the entire period of gonadal development and
spawning, This, however, involves considerable effort
and is unnecessary during the summer months when the

oysters are gpawning naturally.

Counting of Oyster lLarvee

Fregquently it was necessary to estimate numbers

of oyster larvae in order to place the desired numbers in
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rearing orocks and other experimentel containers. The
usual procedure wes to fill a suitably sized beaker from
the erock in which the larvse to be used were heid; After
the contents of this besker were stirred to insure a
uniform distribution of the larvae, ten, one cubis centi-
meter samples were drawn off and placed in watch glesses,
The larveae in these ssmples were counted and an év&rage
number of larvae per ocubic centimeter determined. The
contents of the besker were again stirred and the number
of cuble centimeters needed to furnish the desired number
of larvae were measured from the beaker into the rearing

erocks

Measuring gg,gystér‘Larvae

The measuring of oyster larvaee wes necessary to
determine rate of growth and approximate size at time‘af
setting., The method of measuring employed was probably
a fairly good indicetion of these. It would have been
desirable, however, 1f the method could have been reliable
enough to determine small differences in average growth
between different groups of larvee. The size of sample
measured would very llkely have had to be &t least four
times as large to have met this third need. Nevertheless,
a8 the results are uased, they are probably fairly

dependable,
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A ssmple of the lsrvse to be measured was taken
from the rearing arooﬁkin & beaker. Flve larvae were
caught from this with the ald of & dropper and placed in
a hollow slide. A drop of & 5% solution of urethane was
added to cause the larvae to close thelr v#lves, stopping
their movement and meking measurement easier. The larvae
were then measured psrallel tb the hinge at the widest
point with a miorometer~type ocular. ﬁn average of the

five measurements wes then recorded in miecrona.

Chlorination of Oyster Larvae

The obtalning of protozoa~free oyster larvae
for several of the experiments oonducted during the course
of this investigation was desirable, Different methods
for obtaining these were tested, and chlorination of the
vlarvae was selected as being the most satisfsctory. This
method, a8 used, dld not completely rid the larvae of
protozoa, Neverthsless, the protozoa were reduced to
such a low level thet for several days the larvie were |
free enough of protozoe for the purposes of most of the |
experiments conducted. The method used could, with
modifications, probably entirely free oyster larvae of
protogoa; and thus it would be & valuable tool for larval
food studles,

The water'centaining the larvee to be chlorinated
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was plaaed in a glass contsiner in which the larvae could
be observed, A solution of sodium hypochlorite was then
added by small increments until the larvae closed their
shells end settled to -the bottom.’ The larvae were then
protected from the full effect of the free and combined
forms of the chlorinég and the sodium hypochlorite solu-
tion was added until the ¢hlorine totaled 10 parts par .
million as determined by ortho-tolidine. The water was
next nearly all Siphﬂned out, care being taken not to
disturb the larvae resting on the bottom, Sterile sea
water was added to the larvae and remaining ﬁatar,,grastly'
diluting the ehlorine and chlorine compounds present.

The consentration of these was then redetermined and
enough sodium thiosulfate added to neutrallze them.

By removing the excess water ahd‘éiluting with
sterlile sea water, the smount of sodium thlosulfate neesded
for neutrslizetlon was conéiderably reduced, thus redusing
the emount of its posaiblyfharmrul end products. 'Ir
deemed desiraeble, the entire procadure would be repeated
again after & short inteprval during which the swimming
larvae would be ridding themselves of protozoa previéualy
enclosed and protected by the 1ar#al shélls. ;?hia‘tréatw

ment apparently had no harmful effect on the larvae.



Figure 3. Rearing Crock for Oyster Larvae
(photograph by E.P. Haydu)
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Resring Crocks used for Oyster Larvae

Two sizes of ordinary stoneware crocks, glazed
on the inaside, were used for rearing the larvae, The
larger crocks had a totel capacity of 12 gallons, while
the smaller ones held 4 gallons., PFigures 3, 4, and 5a
show these resring crocks. In order to change the water
in the erocks without injury to or loss of larvae, &
filter-type siphon such a&s shown In figura 5a was used
in each crock, The Iilter portion of thie siphon conslis-
ted of a bottle packed with alternate layers of glass-wool
filtering fiber and sand, the bottle itself being embedded
in & dish of sand., GOlass tubing passing through a cork in
" the bottle wes connected to the rubber-tubing siphon hose,
Cireulation and seration of the water in the crocks was
accomplished by a gentle flow of air bubbles introduced
inte the wateér through a pilece of bent glass tubing and
sontrolled with a small clamp, figure 5a. When the larvae
were sbout ready to set, sultch consisting of oyster and
clam shells suspended with strings was introduced, figure

S

Tempercture Control

Temperature control for water in the crocks in

which the various experiments were conducted was
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sccomplished with circulating water baths equipped with
thermo-regulstors and heaters. The water baths conslisted
of sheet-metal tanks ln which the water was ¢irculated by
small electric motors with shafts end propellors, figure 4.
The thermo-regulstors were of the vapor-mercury type.

Tube type, immersion heaters rated at 200 wetts and heving
stainless-steel sheaths wégg used.

A temperature ldéér than that of the stmosphere
was required for the experiment on the production éf‘gggg
lens in orocks having veried conditions (sestion VIII).. A
fairly constant tempersture of 15 degrees centigrade was
obtained by using running water from the lsboratory supply
in the water bath,

Water Flltratian'

- The water 1n which thé oyster larvae were reerad
was filtered to remove plant and animal organisms as well
as detritus and silt, A disgrem of the filter used 1s
shown in figure 5b, A 12-gallon erock was one-third filled
with send, end into this sand was set & bottle contalining
alternate layers of glass-wool filtering fibrs and sand.
Tubing wes passed through a rubbér‘cdgk in the bottle and
then into & series of five-gallon d#fﬁ#&éqk The first two
of these carboys served to collect the filtered water,

while the third carboy acted as & trap to cateh fresh
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Figure 4. Circulating Water Bath for Tempersture
Control of Rearing Crocks
(photograph by E. P. Haydu)
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water from the suction pump. Mr., Robert W. Morris was

the first to use a filter of this design at the Yaqulna

laboratory., The filter, when used in t&is manner, did

not remove éll of the misroscopic organisms, It did,

however, remove sufficient material to reduce orgenie

decomposition and siltation in the crocks to low level..
The experiment on the production of Bodo lens

in crocks having veried conditione (seaction VIII) reguired

& degrée of water filtrstlion which would remove nearly

all of the miocroscopic plant and animal orgeniesms. The

filtration apperatus used to accomplish this was the

same one used for the lesser degree of filtration except

for the bottle embedded in the sand., Whenever the higher

degree of filltration was necessary, the tubing golng to

the carboys was connected to a bottle contalning & porce-

lain fllter candle around which glass-wool filtering fibre

was tightly packed, Iigure 5L,



Figure 5. Rearing Crock and Water Filter. a, Rearing crock showing
filter-type siphon (a-1) and tube through which air was introduced
(a-2); b, Water filter showing filter-bottle equipped with porcelain
candle (b-1), regular filter-bottle (b-2), collecting carboy (b-3),
fresh-water trap (b-4), and suction pump (b-%).
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IV. DESCRIPTIONS OF BODO LENS AND ASSOCIATED PROTOZOA

Deseription of Bodo lens

The identifying and desoribing of Bodo lens
preaanted‘some difficulty due to 1lts several growth forma.
In order to determine the relationshlp of these growth
forms, different cultures were innoculated with the
different forms. These cultures clearly demonstrated
thet these different forms were but the various growth
forms of a single specles, later ldentifled as Bodo lens.,

Rent, in his deseription of Heteromita lens (18, pp. 291~

293), included ﬁréwings of its various growth forms which
were llke meny of the forms observed; though all of the
life-cyole stages he diagramed were not identified here,

Bodo lens 1s a minute, colorless, unarmored
flagellate having two flagella, one of which trails, a
rather plastic form, and various orgenellae. Kent
streasod the plastic form of this organism,

Body exceedingly soft and plastioe,
susceptible of conasiderable alter-
ation of contour, usually subglobose,
peach-shaped, or more or less ovate
with a 8lightly narrower anterior
extremity; flagella equal in size,
very slender and flexlble throughout,
about twice the length of the body;
endoplast spherical, subscentral;
gcontractile vesicle posteriorly
situeted., Length 1~5000" to 1-3250",
(18, p. 291)



Figure 6. Bodo lens (O.F. wuller) x 4030. a, b, ¢, Most typical formsj
d, Stained with Jenner's; e, Intra-vitam stained with azure 1l; f, Com-
posite drawing; g, Amoeboid forn; h, klongate fora; i, with filar
pseudopodia; j, k, With 3 and 4 flagella during binary fission; 1, With
extended lsading flagellum.
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The three most typlcal forms of Bodo lens observed are
shown 1n figure 6, drawings a, b, and ¢, though even these
Torms were subject to some variation. The largest indl-
viduels usually assumed & globose form, figure 6¢, while
the smeller ones might be irregular, figure 6a, tear-drop,
figure 6b, or globose in shepe. Kent consldered the
globose form the cheracteristic adult state end gave the
following descriptions of its two main verilations.

An ovoid form with & somewhst nar-

rower anterior extremity (Fig. 2},

on the symetrical side, and en

irregular, almost amoebiform con-

tour (Fig. 3) on the unsymetrical one,

represent the most constant depar-

tures from the typleal subsphercidal

shape that have to be recorded.

(18, p. 282)
The veriations recorded by Kent are much the same as those
observed here, his figure 2 being nearly identical with
drawing b, and his figure 3 being not unlike drawing a.

Bodo lens typlcally varied in size from 2 by
2,5 mu to 6 by 7.5 mu. A new culture offering good
growth conditions usually contained individuals of the
smaller sizes due to the repidity with which binary fis-
sion took place. An older culture, presenting less
favorable conditions, usually contained individuals
- approaching the larger sizes, Under conditions unsuited
to groﬁhh and reproduction, individuals as large as 6 by

10 mu have been observed.



40

Bodo lens has two flsgella and, when this
organism ls swlmming, one of these is axtsndad'antarioriy
while the other trails, These flagells, as observed when
the organism was resting, were somewhat longer than the
body; however, when the organism was swimming, the leading
flagellum stretched to twice 1its resting length, figure 61.
The only detall of flagéllar attachment that was observed
under oil immersion was. an anterior, cup-like depreasion
of the body wall, figure 6f. Bodo lens was observed with
three and then four flagallé when golng through the stages
of binary flssion, figure 6],k,. |

Many dark bodies were apparent in the living
Bodo lens, but their various identitles were not clearly
eatablished. No difference in the staining reasction of
these bodles was detected when Jenner's staln was used
after fixing with methyl aleoholj although different
regions of the oytoplasm varied in staining’resotion;
figure 6d. When azure II was used as an lintra-vitam stain
(on the living organlsms), usually two of the larger i
bodles were darkly stained while the other bodles took
the stain 1ittle if at all, figure 6e, Most of these
non-staining bodies were probably bacteria on which the
Bodo lens were actively feeding. The two derx-steining
bodies were very likely nuclei, eithar‘nawly divided or

about to fuse in some life-cycle stage attendant with
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reproduction. Kent apparently observed individuals
possessing two nuclel which he attributed to the goales~
cence of two individuals preceding the formestlon of a
sporocyst (18, p. 292), |

- One and semetimesxtwo vacuoles were observed
situstéa“posteriorly, figure 6f; but whether either of
these were bohtractile, as stated by Kent (18, p. 291),
was not demonstrated, At lesst one of these was thought
to be & food vacuole because of a small dark perticle
frequently observed in the lumen.

Bodo lens showed a marked tendency to assume
forms, structures, and numbers of flagella that could be
consldered nelilther typlecal nor normal, Kent observed
this.,.

Sometimes the normal spheroidal or

ovate contour is retained for a

considerable interval, bul more

usually the peripheral wall appears

to lose 1ts customery more firm

consistence, and the whole boly-

sarcode becomes projected in verious

directions, after the manner of rag-

ged and irregularly developed

pseudopodia. (18, p. 292)

He felt that these irregular forms were due to & lack of
oxygen and stated that when the oxygen supply was replen-
1shed, the orgenisms regalned their typlcal forms (18,
De 292).

| The greatest irregularities in the form of Bodo

1ens were observed here in cultures grown in & medium
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using sea water of a salinity of 27 rather than the 17
parts per thousand of the cultures from which the innocu-
lations were made. In these cultures some of the Bodo
lens assumed an amoeboid form, flgure 6g, and others a‘
carrot~like shape, figufe 6h, Pilar pseudopodia were
observed on many of the Bode lens. Several filar pseudo~-
podla might be present, but usually there wds only a
treiling one, figure 81. The amoebold shapes were at
times formed by cytoplasm pessing inte and expanding the
filar pseudopodia., Bodo lens, under these eonditiéns, was
observed with numbers of flagella as high as eight.  This
was probably caused by the higher salinity not being'(,
sulted to the normel cell division and reproduction of |
organisms originally reared at & lower selinity. The
change of salinity wes also the most likely csuse of the
other irregularities. |

AN

Descriptions of Assoclated Protozos

Protogos A

Three protozoa& in addltion to Bodo lens wers of
immedlate concern to the investigation. Since 1t was
impossible to devote the time neceasary to éetinifély
identify these arganisma; for purposes of discussions

included here thé§ were ﬁeaignateﬁ &8s Protosoa A,
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Protozoa B, and Protozoca C.
Protozos A 13 shown in figure 7a. It was

tentatlively identifled as Oxyrrhls marina Dujerdin, though

it was not studied with sufficient care to meke this
determination definite. This specles was considered by
Kofold and 8wezy to be in thc family Protodiniferidae of
the order Dinoflagellate (20, pp, 117-119). Protozoa A
was tentetively placed here masinly on the basis of its
subovoldal body form and asymétrieal posterior recess,.

The body length was about 25 mu. Only a trailing flagel-
lum was observed., An 1rragu1ar, centrally~located nucleus
~was stained when methylene blue was used as sn intra-vitsm

stain, There were several smsll vascuoles anteriorly.
Protozoa B

Protozoa B 1s shown in figure 7b. It 1s a
cillate which was placed in the order Holotrisha and the
suborder Hymenostomata, It was not studled aéffiaiently
for further identification. Protozoa B usually measured
13 by 28 mus The ollia were rather long and there wsas
& single, long caudal cilium, The nucleus was loecated
near the anterior end; the cytostome was near the middle.

There was one contractile vacuole in a posterior position.
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‘Protozoa C is shown in figure 7c¢., This clliate
was placed in the order Spirotricha and the suborder Eyﬁo*
tricha but wes identified no further. It measured 850 to
80 mu in length. Protozoa C had a prominent adoral zone.
Only & single row of marginal cirri was observed. There
were about six anal cirri. Other identifying cirri were

not observed, probably due to lnsufficlent study.



Figure 7. Associlated Protozoa x 2000. a, Protozoa A; b, Protozoa B;
¢, Protozoa C.
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V. SELECTION OF IDEAL MEDIUM FOR CULTURING BODO LENS
FOR OYSTER LARVAE FOOD '

Requirements of Medium Used for Culturing Bodo Lens for
Oyster Larvae Food '

A good medium for culturing Bodo lens for oyster
larvee food, it was thought, must satisfy two basie
requirementa. The first of these was self-evident; the
culture medium selected must furnish a good growth medium
for Bodo lens. The second requirement was that the
medium, which would be added delly to the rearing crocks,
be not harmful to the oyster larvae. HNitrogenous wastes,
resulting from the eventual breakdown of nitrates in the
medium, were considered as the products most apt to be
hermful to the larvee. Thus, the desired medium should
produce good cultures of Bodo lens and be low iﬁ nitrates,

Medium #1, table I, had been used earlier in
successfully rearing oyster larvee and contained relative-
ly small quantities of nutrients including nitrate,
However, the work of Imai and Hatanaksa suggested that
even smaller quantities of nutrients than were being used
in medium #1 would suffice (17}. These workers determinad
the cultural requirements of & specles of Monas; and, &s
Monas and Bodo lens are in aloéaly related families having

similar forms of nutrition, it was believed that the



TABLE II

Growth of Bodo lens in Medium #1 end Medium #2
{Recorded as Number per Cubic Centimeter)

Medium #1

Day . | ' Medlum #2
Culture 1 Culture 2 Kean Culture 1 Culture 2 Mean

1 moﬁae 450,000 275,000 400,000 300,000 350,000
2 500,000 1,40@;009 950,000 550,000 400,000 475,000
3 3,170,000 2,700,000 2,935,000 1,650,000 2,200,000 1,925,000
4 2,450;900 5300,@90 2;725,900 1,650,000 1,950,000 1,800,000
5 5,150,000 2,600,000 2,875,000 1,650,000 1,350,000 1,500,000
6 2,500,000 2,300,000 2,400,000 1,600,000 1,300,000 1,450,000
7 1,600,000 1,850,000 1,725,000 2,106,(396 1,350,000 1,725,000
s 2,150,000 1,600,000 1,875,000 1,450,000 1,100,000 1,275,000
¢ 1,500,000 1,150,000 1,&2‘5,000 1,100,000 1,100,000 1,100,000

LY
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cultural requirements of these two organisms would be
similar. The composition of medium #2, table I, was thus
based on the requirements of Monas.

Imei and Hatanaka summarized the optimum condi-
tions for the culturing of Monss as follows:

salinity, about 30-50% sea water

glucose, about 100 mg/liter

potassium nitrate, 40-400 mg/liter

sodium phosphate, 5-50 mg/liter

caloium chloride, 5-50 mg/liter

temperature of incubation, 15«20 degrees

centigrade., (17}
The salinity of the sea water used in medium #2 was thus
the same as in medium #1. The starch and potassium nitrate
in medium #2 were reduced to the minimums, a small fraction
of what they were in medium #l. The meximum quantities of
sodium phosphate and calcium chloride were nséd as there
waes no apparent reason to fear the end-products of these
two nutrients., The problem was then to determine
whether medium #2, with its greatly reduced capacity for
producing toxic end-products, would serve as well as

medium #1 for culturing Bodo lens.

Growth of Bodo lens in Medium #1 end Medium #2

The growth of Bodo lens in medium #1 and medium
#2 was determined from four cultures. These cultures were

made in 500 ce¢ erlemmeyer flssks; two of the flaska
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receiving 250 co each of medlum #l, while the other two
each received 250 co of medium #2, Each of the four
cultures was then innoculated with 4 co of & stock cul-
ture, and the flasks were stoppered with cotton. The
temperature of the cultures during the nine days of
inoubstion ranged from 18.0 to 23.0 degrees centigrade,

Counts to determine the number of Bodo lens per
cublc centimeter in each of the four cultures were made
‘onae & day, and the results are prasontad in teble II and
figure 8., The mesn for the two cultnraa'made with medium
#1 and the mean for the two cultures made with medium #2
were caloulated for each day, and these means are the
values discussed here eand graphed in figure 8. The numbers
of Bodo lens per cubic centimeter in the individual cul-
tures may be obtained from table II. | »,

The numbers of Bodo lens per éubia centimeter in
both medium #1 and medium #2 increased raplidly, the means
for both media reaching & peak on the third day. The pekk
of 2,935,000 reached in medium #1 was higher than the
1,925,000 reached in medium #2. From these peaks there
was & general decline in both media, though & secondery
peak of the numbers in medium #1 ocourred on the fifth day.
Medium #2 had s secondary peak on the seventh éay;_'By the
ninth day, the number of Bodo lens in medium #1 had
declined to 1,325,000 while in medlum #2 it had declined to
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1,100,000 per cubic centimeter. Bodo lens maintalined a
higher aonoontration in medium #1 then in medium #2
throughout the nine days except for the first and seventh
days when the concentrations were about équala

From these results i1t was determined that even
though higher ebneentr&tiona of Bodo lens could be obtained
in medium #1, medium #2 wes more sultable tbr making cule
tures for feeding oyster larvae, While é ecn&entraticn of
nearly 3,000,000 Bodo lens per cublc centimeter was reached,
medium #1, nearly 2,000,000 was resched in medium #8.
Yet, medium #2 contained only one-fifteenth as much stareh
and lesa'than one~-seventh as much potessium nitrate as
medium #1. Thus, four times as much medium #2 culture as
medium #1 culture could be used in feeding the larvae, end
st111l be sdding only sbout one-third &s much starch and
one-half &s much potassium nitrate to the rearing crocks,
In this way medium #2 made it possible to feed the oyster
larvae lerger numbers of Bodo lens while uéing smaller
smounts of nutrients having potentially dangerous end-

products. N
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VI. INGESTION AND ASSIMILATION OF BODO LENS

BY NATIVE OYSTER LARVAE

Ability of Native Oyster Larves to Ingest Bodo Lens

The abllity of o&ster larvae to ingest certaln
food orgenisms is obviously dependent on the anatomy of
the larvee and their msnner of feeding, and these will be
considered firat. Yonge has made en excellent study of
the anatomy of.the digestive tract and the manner of |

feeding of larvee of Ostrea edulis, and figure 9 showing

these 1z taken from his work (35, p. 317). Larvae of the

native oyster, Ostrea lurida, ere very similar to those

of Ostrea edulis, end work done by Hori (15, pp. 272-274)

and studies made here leave no resaon to suspect the two
species of larvae differ apprecisbly either in anatomy or |
in manner of faadiﬁg.

The velum by meens of which tlie larvae are able
to swim, figure 9, also aids in collecting food. Food
organisms and other particles are thrown by the large
cilia of thé velum onto the ciliated trasct and are there
carried to the base of the velum. The arrows in figure 9
show the direction in which the cilia pass matter. At
the base of the velum the organisms and other material
are embedded in mucous which cilia force back toward the

mouth., Excess mucous end material and organisms too large
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Figure 9. Anatomy of Larvae of European Oyster (Ostrea edulis)

from Yonge (35, p. 317). Large arrow shows direction of larval

movement; small arrows show ciliary feeding currents. A, Anus;

AM, Adductor muscle; CT, Ciliated tract at base of velum;

DD, Digestive diverticula; F, Foot; M, Mouth; MC, Mantle cavity;
MG, Mid-gut; O, Oesophagus; R, Rectum; S, Stomach; S8, Style-sac
with contained style; V, Velum.
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to enter the mouth are §aaabd off by the cllis present on
the foot. (38, p. 337) The material which enters the
mouth resches the stomach through the cesophagus and even-
tually goes through the mlidgut by means of cilis whlch are
present in all of these regions, though they are shown
only in the anterior end of the stomach, figure 8, In &
larvae &t the shown stage of development, the external
measurement of the oesophagus wes 20 mu, while the atomach
was 46 mu and the midgut was 12 mu. (35, p. 318)

Mucous, food orgenisme, and other material are
eohatantly rotated in the stomach by ellls at a8 rate very-
ing from 30 to 90 revolutions par'minute. Some of this
material is constently being thrown into the digestive
diverticula Qhera it is also rotated, (35, p. 558) It is
in the cells of the walls of the dlgestive diverticula
that the sassimilation of the products of extra~cellular
digestion takes place, and where intra-cellular digestion

occurs (36, pp. 358-354).

8everal investigstors have expressed opinicns on

the maximum size of food organisms that the larvae of

Ostrea edulis are able to ingest. Their work seems some-

what ineconclusive, and no work of this nature for the

naetive oyster, Ostrea lurida, was found., In spité‘of the

inconclusiveness of the publishﬁd work, the maximum size

of orgenism utilizable by the larvese of Ostrea edulls as
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expressed by abmo of these workers probatly offers a
ressonable upper limit of food organism size to use in

larvel food studles, And, as larvae of Qstrea edulis and

Ostrea luride are simllar in size and anatomy, such an

upper limit should serve for work with larvae of the lat-
ter spscies until additlonal information is avallsble.

S8parck observed that the larvae of Ostrea edulis

were unable to ingest the distom Nitzschia minutissima and
came to the conclusion food organisms for these larvae
must be in the slize category of 2 to 3 mu (31, p. 51}; |
Since this distom is of & rigid nature and its various
varieties measure 5 mu in width and from 20 to 106 mu in
length, & meximum size limit of ingestion baaed solely on
the width of such & long organism does not seem valid. It
1s not &s though the organism messured 5 by 5 mu, and the
larvee were unable to accomplish its ingestion. According
to Korringa, Hagmler considered the#s larvae as being
unable to ingest food particles larger than 8 to 10>mp
(21, p. 105). Lewis, in search for seaweeda whose spores

would be sulteble as food for larvae of Ostrea edulls,

worked on the assumption the larvae could ingest nothing
larger than 10 mu (23, p. 615). Bruce and his co-workers,

while rearing laervae of Qstrea edulls on algse, selected

10 mu as the upper size limit of orgsnisms the larvae

gould ingest (3, p.348). A size of 10 mu 18 not likely to
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be too great for potential lerval food organisms, if thelr
shape and pellicle &are sultable.,

The feeding of native oyster larvae was studlied
usingrintra~vitam stained protozoa during the investigation
conducted here, The fseding of these larvae was observed
under the low and high-power objesctives of a microscope,
this rendering the protozoa, the feeding, and the diges~
tive tract of the larvese readily visible., Protogzoa caught
in the current created by the large cilie on the velum
were carried into the mass of mueous around the velum &s

described earlier for Ostrea edulls. Once entangled in

the mucous, the ?ratozoa were usually unable to escape,
and some of them were thus forced into the mouth with the
mucous along with the other entsngled particles. |
The Bodo lens were readily entangled in the
mucousd, once caught in the current created by the cilia,
and usually assumed a spheroidal shape. Some of the Bodo
lens seewmsd to be broken up &fter being caught in the
mucous. Thils was no doubt due to the fragile nature of
this protezoa and to the maenner in which the larvae
"worked" the mucous mass collected 1n/thé mouth region.
When this mass beoame large, the larvee would seemingly
exert pressure on it by working the foot sgainst the velum
base and by openlng and closing the shells. This may have

been an attempt by the larvae to rid itself of excess
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mucous or an sattempt to forge some of the material lnte
the mouth.~ This material was eventually visible in the
stomach where 1t was constantly rotated. No intact Bodo
lens were observed in the s§gmach though thelr particles
must unavoldably have been &érrisd there slong with the
mucous. Stalned particles thought to be nuclei of Bodo
lens were observed in the stomech. It seems probable thaﬁ 
the Bodo lens not broken up when entengled in the mucous,
were broken in passing through the mouth and ocesophegus
into the atoméeh;

Cultures of Protozogz B were intra~vitam stained
end the feeding of the larvae was observed when this orgen-
ism wes present, When this medium-sized ciliste wae
entangled in the mucous, it essumed & sphercidal shape as
had the flagellaste Bodo lens. Since thls organism was not
observed in the larval digestive tract,'and since 1t did
not seem to break up when entangled In the mucous, it is
unlikely the larvae were able to accomplish its ingestion.
Protozoa B being sbout 28 mu long is certainly larger than
the 10 mu maximum size other workers have thought oyster
larvee gould 1lngest.

Beocause of its small size, and because of its
extremely fragile chéracter, Bodo lens can no doubt be
ingested by larvae of the'native oyster. Whether or not

larger organlsms can be ingested by these larvae probably
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depends as much on the character of thelr pelllicle as on
their slz@. Small, very rigld orgenisms mey be more
diffioult for the larvese to ingest than plastic, fragile,
but much lerger organisms. It 1s possible thet larvae
ecan ingest organisms 1arger‘£han 10 mu‘when these organ-
isms ére either fraglle or plastlic enough for the larvse

to ingest them as part of the rucous mass.

Number of Bodo lens Ingested by Natlve Oyster Larvee

That some idea of the magnitude of the number of
Bodo lens ingested by native oyster larvae be determined
was desirsble. Without at least general inrorﬁatian on
this subjeect, efforts to adjust the uae‘nf food cultures
to the ectuasl need of the oyster lasrvae were seriously
nsndicepped, Bruce, Enight, and Parke, while rearing Os-
trea edulls on an algal diet, found by checking against a

control that food orgenisms in a rearing vessel contsining
larvae disappeared "at an average rate of 24,000 per larvab
per day" (3, p. 353). This was the type of information
needed for food studles of native oyster larvae, and an
experiment was designed to determine approximately how
many Bodo lens were ingested by these 1arvﬁa in & day.

This experiment was designed to make 1t possible
to compare the numbers of Bodo lena in one set of Jars to

the numbers in another set of jers in which there were
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netive cyster larvae., It wes declded to add & certaln
emount of Bodp lens culture to each jar and then to deter-
mine the number of this protozoa present by counts. A
known number of oyster larvee was added to thé jars in onse
set. After 24 hours, counts of the Dodo lens in the jars
were made sgaln, The average number of Bodo lens in the
jars having oyster larvae was compared to the average nime
ber in the Jars where no larvae were present so as to |
determine the effect of the larvae on the ﬁumber of Bodo
Lens. . A , | ; .

 The four jars that were used for tha'axperiment
were made of brown gless and hsd & capacity of about 650 scc.
Sterlile sea watef was used and 500 cc was put into each
Sar. The water in the jars was serated and gently circu-
lated by alr slowly bubbled through glass tubes, The
tsmperafura of the water during the course of the sxperi-
ment ranged from 1B.5 te‘zﬁ.ﬁ degrees centligrade,

A stock culture of Bodo lens made with medium #1
was used, and 5 co of this was placed in each Jar. The
counting of the protozoa was done with the ald of a
haemacytometer as describved in section III. The oyster
larvae that weré used were chlorinated so &s to Introduce
into the Jars only & very minimum of other species of
protozoa. The oyster larvse were counted directly, and

‘1,000 of them were placed in each of two of the jars.
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A sample count of the larvase in thésa two jars was made
at the conclusion of the experiment to determine if there
had been any marked mortality., Twenty dsmgles of one
cuble centimeter were drawn from each of thaftvb jars,
The mean number of larvae per cubile centimeter in one jar
was 1,95, while in the other Jar it was 2.00. This would
indicate that the number of larvae had remsined aohatanz :
at 1,000 per jar during the course of the experiment.
Table III gives the number of Bodo lens per
cublc centimeter in each of the four jars at the beginning |
of the experiment and at the conclusion, 24 hours later.
In one of the Jjars without larvae, the Bodo lens incresse
during this gime was 10,000 per cubic centimseter, while in
the other it was 48,000 per cublc centimeter. The gean
increase of Bodo lens per cubic centimeter in the jars not
heving larvee was thus 29,000, The other two Jars hed
two oyster laervae per cubic centimeter of sea water., In
one of these the number of Bode lens decreased 3,000 per
- cublc centimeter during the 24 houra. The other jar with
larvee had an inorease of 12,000 Bodo lens per cublo
centimeter, This meant the mean increase of gggg.;ggg |
per cublc centimeter in jars having larvee was thus 24,500
per cublc eentimeter less than in the jars where 1arV&a
were not present. Since there were two larvse per cuble

centimeter in the jars with the lesser mean increase, the



TABLE III

Number of Bodo lens Ingested byrﬁative Oyster lLarvae

Treatment Repetitlon ‘ Bodo lens per Cubic Centimeter Treatment
0 24 Difference ¥ean Treatment Difference
hours hours Difference Difference per Larvae
Ho Larvae 1 80,000 100,000  +10,000
29,000
2 55,000 103,000 +48 ,000
| 24,500 12,250
Two larvae 1 80,000 77,000 - 3,000
per co ~ ,
4,500
2 75,000 87,000 —+12,000

19
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difference in incresse was 12,250 Bodo lens per larvae.,
If the smaller number of Bodo lens when larvae were pre-
sent is considered due to the ingesting of the §9§2.$2§&
by the 1arvae, then a single native oyater larvae may |
ingest 12,250 Bodo lens in 24 hours.

The number of Bodo lens 1ngaéted by & native
oyster larveae arrivéd at here should be considered as no
more than a tentative estimate, As can be seen from the
figures through which this number was obtained, the varie
”atian was great and many more repetitions would be necea~
sary before the experimental results would be reliable..
Even if the results were rellable numsriéally, the lower
numbers of Bodo lens might have in part been due to a
desrease in this protozoa's bacterihl food aﬁpply causad
by the larvae. The number of Bodo lens ingested by tne
larvae might depend on the concentration of this protozoa,
~ and the high concentrations used for the experiment could
introduce a third possible error. These potential érrora
gould have been removed by more elaborate experimentation
than was feasible at the time. Though the results
obtained were liable to include error, i1t was thought they
might furnish an estimate that could be used in further
food studles. The 12,250 Bodo lens per larvae per day
determined here and the 24,000 food organisms per larvae

per day determined by Bruce and his co-workers are
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certainly of the same magnituds.

Abillity of Native Oyster Larvae to Assimilate Bodo lens

Ab——

The ability of oyster larvae to sssimilate a food
organism must be considered, even though it has been deter-
mined the larvaa are able to ingest this crganiam. Certain
organisms may have & cell wall thet the enzymes of the lar-
vae are uneble to break down or penetrate, There is, for
instance, some doubt whether the green algaa Chlorella
pacifics csn be digested by oyster larvae; though it can be
‘readily ingested (21, p. 105). There seems to be little
reason to suspect, however, that native oyster larvae cannot
assimllate Bodo }ggg. The delicacy of this protosoa and
its lack of a definite pellicle would render it quite |
suscaptibls’to digestive action in the larvse, Imal and
Hatanake were unable to observe intact specimens of
Monas in the gut of oyster larvae due to the rapldity
with which this organism broke down (17), and Bodo lens
is structurally similar to the members of the genus Monas.
These workers considered Monas & valuable larval food
because it converted nutrients present in bacteria to a
form more readily availsble to the larvae (17). It was
8till thought deairablé to demonstrate conclusively, 1if
possible, that native oyster lsrvae can assimilate Bodo

lens, The experimental evidence that is presented here
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61d not do thiﬁ; but it does illustrate a method of
experi@entation that may be of value in futﬁre;larva1 reod’
studies. | |

The experiment was designed so as to make use of
2 radio-active material in dﬁtarmining whether certain
organisms are assimlileted by native oyster larvase, Two
bacteris, A snd B, and the protozoa Bodo lens were conside
ered as belng potentielly good larval food organisms,
These three organisms were cultured in & medium containing
a radio~aet1§e materlial and were aftarwarﬁ fed to éyatar
larvee, It was hoped that whether cr}nat thn 1arvae were
utilizing the orgenisms could be determined by the amount
of radio activity gained by the larvee under different
feeding conditions. ‘

The experiment was designed so that one serles
of larvae received sterile radio-sctive medium in which
neither bacteria nor protozoa were present. The nsxt'
series of larvae were fed radio-active medium in whieh
Bacteria A had been cultured; while the third serles of
larvee received similar medium in which both Bacterla A
and Bacteria B were cultured. The culture which the last
serles of larvae was fed was made with the radio-sctive
medium and included not only Bacteria A and Bacteria B,
but also the protozoa Bodo lens. It was hoped that
differences in the amount of radio esctivity gained by
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the series of laervae fed the sterile mediwn and those fed
the cultures would indicate whether or not the larvae were
gaining the radio activity directly from the medium. It
was further hoped that differences in the radio actlivity
gained by the series of larvae fed the different cultures
would indicate which of the organisms the larvee ocould
essimilate, In order to cdemonstrate whether or not the
larvee were showing radio activity due solely to the pres-
ence of radio-actlive ofganiams in the digestive tract,
different groupa of lervaee were allowed to feed for
different lengths of time, It was thought that if the
larvae wers assimllating a certain organism, their radio
actlvity would continue to incresse even after sufficient
time had elapsed for the digestive tract to be filled,

The various cultures of food organisms used for
the experiment werse ﬁade in each case by innoeulaﬁing
150 ce¢ of medium #1 with the desired organisms, When
these cultures were 7 days old, and 24 hoﬁrs before the
feeding experiment was to begin, 1,0 milli-cupie of
redio-active phosphoric scid was added to esch culture,
It was thought that 24 hours would allow adequate time for
the orgesnisms to utiliza‘and incarpcrate~enough‘6t tie‘ P
radio-active material, |

Sixteen 250 cc beakers were used to hold th§

larvae for the various treatments and repetitions of the
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~ experiment. Two-hundred natlve oysier larvae were plaged
in 200 c¢ of sterile see water in each beaker. The beakers |
of larvae were arranged into four equal groups; and to

each of the beakers in one of these groups, 4 co of sterile
medium #1 containing redio-sctive phosphoric acld was
added. The béakera in the other three groups each received
4 cc of the appropriate, radio~-active food culture. The
beakers containing the larvae were left at room temper-
ature.

The larvee were allowed to feed for the desired
length of time &nd were then washed free of radio-active
materisl, This was done by first adding & little sodium
hypoehlorita solution to each beaker, causing the larveae
to close thai# shells and gsettle to the ﬁottume- Most of
the liquid was then carefully siphoned out of the beaker
and sterile ses water was added, The larvae would soon
begin swimming sgain, further freeing themselves of the
radio-active material. They were then for the sesond
time caused to settle by adding the hypochlorite solution.
The liquid was again $1phoned off and replaced with ster-
ile sea water. This washing process was repeated five
times, snd no radio-sctive material could be detected 1n
the final wash water. The desired ﬁumber of larvse were
picked from the bottom of the beaker and placed in a amall
labeled dish, After the moisture had been removed’by 1
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heat lsmp, the larvse in the dish were ready to be placed
in a radio-activity counter. The radio»activity counter
whieh was used was a Tracer leb, €4 Scaler, having a mieca
window whieh weighed 1.5 milligrams per square centimeter.

The radio asctlivity of the larvae after the
different periods of time and after feeding on the dif-
ferent food organisms is recorded as counts per minute in
teble 1IV. Tdtal, background, &nd sample counts per minute
are given for the measurements on the larvae from each
beaker; but the sample figures are the only ones wilth
which this discussion need be concerned, Each of the
-sample figures given for the group of larvee that fed fér
'2 hours and the group that fed for 5 hours i1s the average
counts per minute determined from 10 minutes of counting.
The flgures given for the two groups of lervae that fed
for 24 hours are averages determined from 20 minutesa of
counting. The counts for the groups of iarvae feeding for
2 and % hours were done on 25 larvae taken from the 200 ln
each beaker, The different counts for the two groups of
larvae feeding 24 hours were made on 50 larvae from each
beaker. The results given for the S-hour group are not
dependable due to faulty technique., The results gilven
for the 2«hour group are somewhat less depanﬁable then
those given for the 24~hdur groups.,

Table IV shows thst the radio-activity of the
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TABLE IV

Radio Activity Gained by Native
rvae from Various Marked Food Organisms
{Recorded as counts per minute)

oy
s

Hours Source Treatment No. 1 2 3 4
Larvae of ype of Wedium #1  Hedlum #1 Hedium #1 Yedium #1
Allowed Radio Radlo Actlive Only Baecteria A Bacteria A,B Bacteris 4,B,
to Feed Actlivity Food Culture Bodo lens

 Total 33,7 40,9 39.1 51.5

2 Background 34,0 354..0 31.5 34.0

Sampla o QQ 6 » g 7.6 17 &5

Total 37.0 106.5 71.0 47.5

5 Background 32,0 32,0 32,0 32.0

3533;}18 5.0 74,5 39 o3 15 .5

24 Background 27.0 27.0 32.0 32.0

S8ample 60.1 68,0 QV.Q 32.8

‘Potal 34.2 7.1 120.0 435.4

24. Background 32.0 32.0 32.0 32.0
Sample 2.2 45.1 88.0

1l.4

89
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larvee receiving the sterile medium (Treatment 1) was in
-only one case high enough to be anything but negligivle,
The readings 0.0, 5.0, end 2.2 counts per minute would . -
indicate that the reading of 60.1 counts per minute for

- Treatment 1 ot’the'first 24-hour group of larvae 1is due to
some error. It seems safe to assume from the,results,or
Treatment 1 thaﬁ the radio sctivity demonetratad‘in larvae
receiving the other three treatments wes galned rrom‘th&
food organiama‘and not directly ftom the radlo-active
medium, ,

The purpose of allowing the oyster larvee to
feed for the different lengths of time was to demonstrate
whether the radio activity present in the larvae was due
to their assimilating the radio-sctive food organisms or
Gue to their merely having them present in the digestive
tract. If the results for the 2-hour group end the S-hour
were as reliable as those for the 24~hour groups, the
results might be falrly conclusive, They are not conclu-
sive due to the unreliability of the 5-hour group. It
‘was thought thet the larvae would f1ll thelr dligestive
tracts with the radio-active organlisms 1n from 2 tc 5
hours, end, 1f they were not assimilating these organiama, ,
there would be no further increase 1n the radio activity
of the larvae with the incresse in time. If, however, the

larvae were assimilating the orgenisms, the radlo activity
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should increase for an undetermined length of time after
the digestive tracts were fllled. The low level of radlo
activity ahown 1niTréatmsnt 2 and Treatment 3 of the 2-
hour group as compered to the much higher level shown in
the seme treatments of the B4-hour groups would be strong
indication the organisms were being asaimilatad;, It 1s
unfortunste the results for the 5-hour group were not
sufficiently reliable to substantiate such a conclusion.

Assuming the larvee do not gain eppreciable
radio activity directly from the medium, and assuming the
radio ectivity demonstrated in the two 24-hour groups is
not due solely to orgenisms held in the larval digestive
tracts, the results of Treatments 2 and 5 indlcate the
larvae were able to assimilate both Bacterlia A and Baster-
ia B, When the 24~hour groups in teble IV are consldered,
the incresse in radio activity from Treatment 1 to Treat-
ment £ indicates Baoteria 4 can be assimlilated; and the
increase from Treatment £ to Treatment 3 indicates
Bacteria B can be sasimilseted.

' The results of Treatment 4, in which not only
Bacteria A snd Bacteria B were present but slso the proto=-
zoa Bodo lens, are very difficult to interpret. The radlo
activity of the larvae recelving @réatmenk 4 1n’the 24~
hour groups ls markedly lower than that of the larvae

recelving either Treatment 2 or Treatment 3. The obvlous
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explanstion for this decrease in radio esctivity would be
that the larvae wers unable to assimllste Bodo lens.
However, the presence of many other posaible causes for
the decresse, and there belng no adequate explenation for |
larval inabllity to assimllate Bodo lens, make the obvie
ous explanation very improbable. If the Bodo lens could
" not inecorporate the radlo-active phosphate, or if they
could incarporaté only & limited amount, the decrease in
larval radio activity in Treatment 4 would take place.
Additional experimentation would be necessary before any
concluslons could be drawn from the results of Treatment 4.
This experiment wes designed in the hope of
demonstrating whether or not native oyster larvae could
sssimilate two different bacteria, A and B, and a protozoa,
Bodo lens. The evidence indicates Bacteria A and Bacteris
B may be assimilated., The evidence did not demonstrate
that native oyster larvae could assimilate Bodo lens.
Additionsal experimentatlon might be able to do thls. The
results of this experlment were, however, sufficlently
encouraging to demonstrate the possible value of radlo-

active nmaterials in future food studles of oyster larvae.
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VII. REARING OF NATIVE OYSTER LARVAE
ON DIFFERENT FOOD CULTURES

Rearing Experiments Failing Before Completion

Pirst Rearing Experiment

The first native oyster larvae‘rearing experi-
ment started during the summer of 19850 was designed in a
manner which was hoped would furnish needed information
on three basic factora. It wae hoped the type of food,
amount of food, end frequency of water ahangb wuld result
in the best larval growth and spat settlement could be
determined, The experiment was designed to test three
different types of food, three different amounts of food,
and three different frequencies of water change. A Latin
Square statistioal design, which is fully explained in
section VIII, was used to make it possible to obtain three
repetitions of esch of the nine treatmouts mentionaﬁ'and‘
to do this using only nine rearing crocks. |

The three treatments concerned with the type of
food were epplied to the nine orocks of larvee by dividing
the craok# into three equal groups. One ef'thesa groups
was fed only baéteria cultures, another bacteria and gggg
lens cultures, and the third was fed bacteria, mixed

protozoa and algse cultures. The three treatments on
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amount of food consisted of the same orocks divided into
a different three groups, one to receive 10 oc, another
20 c¢, and the third, 30 ce¢ of food culture each day.
The last three treatments were on the frequency of water
change; and here sgain the nine crocks were divided into
stlll & different three groups. Ons group had the water
changed every day, another every third day, and the last
group every fifth day. _

Twelve liters of sea weter waa'placéd in each of
the 4-gallon, stoneware rearing orocks, and this water was
kept at approximately 20 degrees centigrade by the wator
bath. The sand-filtered water had & salinity of 32 parts
per thousand and was aterilized by boiling. It was hoped
the sterilization would make it possible to keep protozoa
out of the orocks of larvee being fed only bacteria, and
keep species of protozoa other thanygggg.ggga out of the
erocks of laervae being fed that species, Though the
8,000 larvee added to each orock had been chlorinated to
remove proﬁozoa, this procedure was not perfected enough
to keep protozoa from appearing in all of the crocks,

The food cultures were all made using medium #2.

The oyster larvae began to die on the second day
and were soon present only in negligible numbers. This
was not understood, though there were several faetora that

might possibly have had some bearing. The nmménia on the
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second day was 6 parts per million, end it was thought
that thils large aﬁount was due to the decomposition of

the orgenisms kllled by the boiling of the sea weater.

The salinity of 32 perts per thousand may have been too
high. The large number of larvee used or their chlorin-
ation may have had some effect. The high amﬁcniﬂ reading
could have been en index of conditions that resulted in
the loss of larvee, but neither this nor the other possi~
bilities presented an entirely sdequate explanation. An
attempt wae made in the aeabnd rearing experiment, however,

to remove some of these possible csuses of larval loss.

geeond Reering Experiment

The design of the second rearing experiment was
altered slightly from thet of the first by neither boiling
the sea water nor chlorinating the oyster lervae. The
water far the second experiment was candle [ filtered which
probably removed most of the proto;oa. It wss hoped that
by using the three types of food cultures different food
conditions could be created in the various crocks even
though protozoa would be present in all of them. The
number of oyster larvae per crock was increased to 16,000.
Other than for these modificationa, the design was the
same as that us%d in the first experiment. The three

different types of food cultures were grown 1n medium #23




75

the amounts fed wsre again 10, 20, and 30 cc per day; and
the frequencies of water change remained every day, every
third, and every fifth day. The temperature wes approxi-
mately 20 degrees centlgrade, and the salinity was 32 parts

per thousand. |

The ammonia present in the rearing crocks was
negligible during this second experiment, prabably due to
the‘naarly complete removel of orgenic matter from the
water by the candle filtration. As was expected, protogoa
,appeafed in all of the orocks; but in no erocks wers they
plentiful, most likely due to the lack of organic matter,
the small amounts of cultures fed, and the lsrge number of
larvae,

Most of the oyster larvae were dead on the fifth
dey. Two possible csuses of the loss in the first experi-
ment, nitrogenous end-products (indicated by high ammenla}
and ohlorination, could be eliminated with some certainty
es the causes of this second loes. The numbers of protou‘
zoa were low, but it was éxtramaly doubtful the larvae
starved in such & short period of time. High salinity wes
agein 8 poasible cause,

The large number of oyster larvae confined in
such a small valumé of water was consldered as concelv=
ably creating conditions bringing gbout the failure.

Suech failure might be csused by some toxic weste glven off
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by the larvae or by the increased opportunity for disesse
or predation to teke their toll. These posaibllitles
were but theories, however, and no explsnation could be

cffered for the loss of larvae,

Third Rearing Experiment

The third rearing experiment followed the same
basic design used in the first and the second. Most of
the modificstions of the second experiment were continued
and a few new ones were made, The water for the third
experiment wsa not bolled end received only sand filtra-
tion; the larvae were sgain not chlorinsted. The salinity
of the sea water, which in the previous two experiments
‘hed been 32 parts per thousand, was reduced to 25 parts
per thousand. The temperature remained at about 20
degrees centigrade, The number of larvae placed in each
rearing erock was reduced te only 2,000.

Because of work done on the growth of Bodo lens
in medlum #€ (section V), and because of work done on the
number of Bodo lens ingested by natlve oyster 1arva§
(section VI), in the third experiment 1t was possible to
change the amounts of food cultures fed the larva§‘to
amounts probably more closely approaching those actually
required by the larvae., The minimum amount of food cule

ture that should be fed was determined by consldering an
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oyster larvae to ingest 12,000 Bodo lens each 24 hours.
Tha'standard food cultures of Bodo lens in medium #2 were
consldered to have 1,500,000 ¢f these organisms per cuble
gentimeter. On the basis of these figures, the minimum
amount of food culture required by 2,000 oyster larvae
would be 16 ce every 24 hours. The amounts of food cul-
ture given to the lervae receiving the bacteria cultures
and the lervee receiving the mixed cultures were the same
as the smounts determined necesssry to furnish the desired
numbers of Bodo lens to the larvae in the other croéks.
The larvse in the threa'reéring procks which were to
recelve the minlmum amount of food culture werarthus glven
20 co every day., The larvee in the next group of crocks
were given éo‘ac, while those in the last group were givsn
60 ce of food culture esch day. It was hoped the optimum
emount of food culture to be fed would be somswhere within
this range, | |

Only a few larvae remained alive in the rearing
erocks by the sixth day, and the third rearing experiment
was stopped. This failure ocourred after toxlic nitrogen~
ous wastes, chlorination of lervae, lack of food, high
salinity, and orowding of larvae had all besen eliminated
as likely causes. Again, only unsubstantiated theories
were avallable to explain the fallure. It should be noted

here that & group of larvae released from the adults the
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day after thia experiment was begun did not decrease in
number during the experiment. This entire group of larvae
was left in & single 1l2-gallon rearing crock without aer-
ation, feeding, or water change, and under the most crowded
conditions eoncéiV&blas 8t111, these larvae were doing
well et the end of a period which proved fatal to larvae
kept under conditions that were considered tc be nearly
normel. Instances such as thia‘had oceurred before and
seemed %o present some indlcation that in some cases dif =
fareﬁcea in the larvae themselves rather than in the
rearing conditlons were the cause of suceess or fallure.
Premature relesse of the larvae from the adults might heve
caused failu?es; but in the rearing experiments, only
larvae reaching the 175 mﬁ size considered normal at re-
lease were uaed; The pasaibility that genetic Adifferences,
or that differences in the early ﬁeveloymenﬁ of the 1arva§’
while in the sdult mantle cavity, could affeet the hardi-
ness or viability of the free-swimming larvae was worth
consideration and possible future 1nvestigatiunu

The possibility that 4-zallon reéring\crocks
‘were too small for successful resring of larvae was
considersd., Conditions were no doubt more critical in
| 4-zallon than in 18-gellon rearing crooks due to the
greater difficulty in controlling these conditions. That

the difference in crock size as such was respongible for
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the fallures waa doubtful, ILarvae from thé same grbup
used in the third experiment were reared undo? gimilar
conditions in 12-gellon crocks and perished during the
same perilod of time., On the other hané, onse group of
larvae was held with little loss in number faf a period
of 10 days in & liters of sea water, There was no satise

factory explanatlion for the fallures.

Rearing Experiment Reachipg CQmplﬁtion

The design of the fourth rearing experiment was
considerably simpler than the Latin Square design uaod in
the first three experiments. The results that were final=-
1y obtained from this fourth experiment were thus of ieaa
value than the results of any of the first three experi~
ments might havé been. Only three rearing crocks were
used for the fourth experiment, éud these all received
;the ssme amount of food culture and the same.number of
water changes. The-iarvse in the first erock were fed
bvacterial cultures, those in the second crock were fed
bacteris and Bodo lens cultures, and those in the third
erock received mixed cultures of bacteris, protozoa and
Blgae.

The 12-gallen reéring crocks were used, and
5,000 oyster larvaec were placed in each erack* The water

in all three of the rearing crocks waa'changed every two
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days, & change of every day being thought unnecessary and
there helng some doubt sbout changes less frequent than
every two days. The salinity of the sand~filtered sea
water used was kept at approximately 25 parts per thou-
sand. The temperature was ebout 20 degrees centlgrade.
Each rearing orock of larvgé’recaived 150 ce of the
appropriaete food culture every 24 hours, This ambunt was
nearly four times the minimum amauﬁt of 40 ce¢ of food
culture for 5,000 larvee as determined by the method used
in the third experiment. The standard food cultures used
were mede with medium #2 and were used only on the thir&
end fourth days of incubation,

During the course of the fourth rearing experi-
ment two protozoa other then Bodo lens beceme sufficliently
numerous to have possibly had some effect on the experi-
ment. Protozoa € (seatioﬁ Iv) beaamezvery numerous on
the twelfth day of the expefiment in the rearing crock
receiving the Bode lens food cultures. Protozoa C was not
apparent in the other two crocks, This large pretogoa
when present in sufficient numbers would certeinly compete
for the avallable food with the larvae; and, in some
instances, 1% might even be & predator on the larvae.
Protozoa C, during an experiment being condusted in the
spring of 1950, became exceedingly abundant in a rearing

crock coincldent with a sudden decrease in larval numbers.
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Though 1n the earlier‘instance there was reasson to suspeot
predation, it wes unlikely appreclable predation occurred
during the fourth rearing oxperiment.

Protozoa A (section IV) appeared in large nume
bers on the twenty-second day of the experiment in the.
rearing crock recelving the Bodo lens food cultures., It
appeared in greater numbers than had any other pratézoa
inecluding Bodo lens, which was belng added to the rearing
orock daily, Protozos A deserved consideratlon because 1t
no doubt competed with the larvae for food; but more
important, its increase in numbers presented a basic prob-
lem in protozoa culture, and hence, & problem in oyster
culture, This increase in numbera might indicate iU was
more effective to create conditions exsctly sulted to the
growth of the desired form than to add the desired food
cultures esch day. Tuis problem became the basis of the
study which 1is ihéluded in section VIII.

The natlive oyster larvae that were placed in the
rearing crocks for the fourth reering experiment were
consldered to have been raleaaad from the adults at a
normal size. These larvae were in the stralght-hingse
stage and measured 179.5 mu parallel to the hinge. Thﬁ
native oyster laf;éa used by Horl measured 178 mu (15,

p. 273) while Davis found newiy released natlve oyster

larvae usually measured from 169 to 185 mu (8, p. 591).
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Pigure 10a is & photomicrograph of native oyster larvae
in the straight-hinge stage.

The average sizes of samples of larvee taken
from the three rearing crocks at intervals sre glven in
table V. Due to the inadequate number of larves measured
on each occasion, apparent differences in the sizes of
larvae recelving different food cultures are not reliable;
and only a general trend of growth may be determined,
There was & steady increase of size of larvae recsiving
all three types of food cultures for the first twelve days.
The fact that the larvee averaged larger first in one
rearing crock and then in another during this period was
gn indication of nathing except the inadequate size of the
sample measured., During these first twelve lays, the
larvae probably grew between 3 and 4 mu 8 day in sll three
reariﬁg erocks.

The average measurements included in tsble V had
& tendency to level off and even éeéreaaa after the
twelfth day., This did not mean that the growth rete of
the larvae had changed; but that betweén the twaltth and
the seventeenth day the larger larvae began settling out
and begoming apat. These larger larvae were thus not
measured and the average size remalined nearly the same or
decreased. The native oyster larvae with the prominent

umbos shown in figure 10b would have soon settled out and
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Figure 10, Native Pacific Coast Oyster (Ostrea lurida).

a, Larvee in straight-hinge stage x 80; b, Larvae with
prominent umbos x 80; ¢, Oysters in spat stage x 0.8; 4,
Adult oyster x 0.8. (photographs by E, P. Haydu)
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become spst.

Spat setilements no doubt began before the seven-
teenth day on the sides of the rearing crocks, but culteh
was not put iIn until the nineteenth day. Spat were
observed on this culteh on the twenty-first day. One of
these spat meaaured’asa mae The largest free-swimming

larvae that was mea/urad in any of the rearing crocks was
246 mu in length. This probably meant that the lsrvae
settled out and became spst when they reached sizes from
255 to 246 mu, This is considerebly smelier than the
300 mu at which Davis found hative oyster lsrvee to meta~
morghéaa (8, p» 591) and the 322 mu found by Hori (15,
ps 278). However, spat settlement beginning between the
twelfth and the seventeenth day and carrying through the
twenty-second day is very much in line with what these
workers found (15, p. 273) and (8, p. 591). PFigure l0c¢
shows spat that were several months old, and figure 10d
shows an adult Native Pacific Coast Oyster.

The fourth rearing experiment, i1t was hoped,
would furnish 1n£ormation a8 to which of the three types
of food cultire used was most suited for rearing oyster
learvee., It did not do this, first of all, because the
slze of the semples of larvae measured was too amsll to
detect slight differences in aversge growth. Howsever, even

if the sample size had been large enough to detect small
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TABLE V

Average Blze of Native Oyster Larvae in
Rearing Crooks Recelving Different Food Cultures
{Recorded in microns)

Day Food Cultures Used

~Basteria  Dodo 1lens Bact-Protozoa~-Algae
0 179.5  179,5 | 179.5
6 198,9  193,6 | 202,4
17 221.8 202,4 - 225.3

g2 220.0 216.5 221.8

differences, it ls quiﬁe unlikely any difference in growth
between the thres groups of larvae would have been found.
The reason for this was that using thraa\differanh types
of food cultures apparently did not oreste different food
canditiana in the three rearing crocks. |

Table VI shows the relastive numbers of Bodo lens
and of protozoa greater then 10 mu present in the rearing
crocks on the twenty-second day of the experiment, These
relative numbers wara obtalned in the seme manner as were
those which are used in section VIII except that here five
rether than seven slides were used for each count, Whether
cultures of bacteria, Bodo lens, or mixed orgenisms were

added to the reasring crocks, the numbers of Bodo lens
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TABLE VI

Relative Numbers of Protozoa Present in Crocks
at Conclusion of Rearing Experiment

1

e i -y
I o —

Protozoa ~ Pood Cultures Used
Present ~Bacteris =  bodo lens Paot-Protozoa~Algae

Bodo lens 0.0 0.2 | 0.2

Protozoa ‘
greater 0.8 L. 2.6 1.0
then 10 mu '

presaﬁt were equelly low (there being no practisal differ-
ence between the figure 0 in the crock receiving only
bascteris and the figure 0.2 in the other two crocks). It
should be noted that in &ll three instances the protosgos
greater than 10 mu wers more plentiful than the Bodo lens.
These larger protozosa may have been partlally responsible
for the low numbers of Bodo lens while they themselves
were less usable by the larvae for food.

This presented a basic problem to the successful
artificial rearing of oyatér larvae, It seemed likely
that certsin food econditions would be most sultable for
the larvae, Yet, if the food conditlons in the rearing
erocks could not be sontrolled by feeding certaln food
cultures, how were the dealred conditions to be eﬁtainnd?

A study of the factors affecting protozos preduction under
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artificial conditions is included in sesction VIII.

Finally, why wes the fourth attempt to rear
native oyster larvee successful when the first three
attempts during the summer of 1950 fsiled? Why, for that
matter, had the larvae been rearod successfully during the
summer of 1949 and again the following winter when attempts
the next summer were to fall? Many possible causes and
factors have been presented and d1aaussad‘ Very likely
no two fellures were caused by the same set of fsotors,
This may be the yesson no satisfactory explanation can be

given for the many failures, or, for the successes.
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VIII. PRODUCTION OF BODO LENS IN CROCKS
HAVING VARIED CONDITIONS

Need of Information on Factoﬁé‘Atfsating Production of

Bodo lens

Once a food organism has been found that oyster
larvae are able to ingest, assimilate, and grov on, it is
then necessary to learn how to meke that organism avall-
able to the lervee in lerge numbers; or it will be of no
practical value to artificial larval rearing. If Bodo
lens were considered to meet the first three requirements
on the basis of work done here, 1t was then neeagaary to
determine the factors affecting its sbundance. When the
other problems hindering the artificial rearing of oyster
larvae have besn solved, the most aﬁcoeaaful results will
be obtained when the greatest number of food organlsms are
 furnished under sultable conditions for ‘the larvae.

The addition of cultures of desired protozoa to
the rearing crocks had, with some resson, been considered
a satisfactory means of furnishing oyster larvae suitable
food organisms in some of the searlier rearing successes
here. The rearing experiments described in section VII,
however, indicated that the addition of cultures of Bedo
lens as compared to the additions of bacteria or mixed

ecultures caused no appreciably higher numbers of Bodo lens,
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in the rearing crocks., On the other hand, Protogoa A
became extremely abundant in one of these crosks though
no effort was mede to encourage its growth. If‘thm addi-
tion of the desired orgenisms would not assure their
presence In large numbers, would the ideal conditions for
the growth of these organisms do this; and if so, what
were these 1desl conditions? |

The following two experiments were designed to
furnish information on the fectors determining the abun~
ﬂanéa of Bodo lens under conditlons that would be sultable
for the rearing of native oyster larvae. The first
experiment was concerned with salinity, the effect of add~
ing various amounts of Bodo lens culture, and the effect
of’using water having received different degrees of
filtration. Filltration, 1n the final analysis, made
possible a study cf predatory relationships betiuen
protozos., Thé second experiment tested different temper-
’éturea, no enrichment as compsred to enrichment, end
filtration again,

These two experiments furnished some indication
of the relative importance of these various factors, but |
the experiments were lnadequate for reasons that are
dlscussed later, Experiments simllar to thaae‘will be
necessary before food productlon in the artificisl rearing

of oyster larvee is put on & controlled basis.
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Improvements on the design of these experimentas are

suggested in the followlng discussion,

Latin Square 3tatistical Design

A Latin Square statistical design wah used for
the two experiments on the production of Bodo lens in
erocks having varied conditions; end what this design 1is,
its applicutions, its limitations, end & design that might
be more sulted for future experiments of this type will
be discussed here.

The lLatin Square statistical design applies
analysis of veriance to & group of observationa having
three varliables of classifiéatien. Ansalysis af #ari&nce |
is a method of testing two or more series of observations
in order to determine whether these observations come from
the same or different populations. In other wards,,it‘ia’ 
a method of testing to find if the sample means of th@ie
series of observations come from populetions which have
equal or unequal meens. This 1s done by meking two
different estimates of varlance from th@se,ebservationa. |
The first of these estimates includes not only the vari-
‘ance of the observations, but the verlence of the sample
mesns of the different serlies, The second estimate
includes only the variance of the observations. If the

sample means of the different series are equal, then their
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variance 1ls equal to zero; and the two estimates should
be no more different then would be expected from sample
distribution., To find 1f the first estimate 1s no more
larger than the éeéond than sample distribution would
cause, the "F" test 1s used. If the first estimate divided
by the second estimate is nearly equel to one, the means
mey be assumed to be equal, If this dividend is larger
than a‘seleotad level of'thé F diatributiaﬁ, veriance due
to the means must be included in the first estimate, end
the means may be assumed to be unequal. Analysis of
variance may be applied to many different statistical
designs inoludingmthe Latin Square.

Latin Square is & statistical design having
three variables of classification, A single varisble of
olassificetion 1s a aingle'kind of factor that'may be
‘teated‘at different levels, such as testing Qevaral ,’
different salinities. Latin Square makes it poasibla to
test three variables of elassificatlion such as,différant
levels of sallnity, different levels of food, snd differ-
ent levels of filtration st the seme time., This was why
the Letin Square design was thought to be particularly
suited to a preliminary study of the factors affacting the
production of Bodo lens. This design made 1t possible to
test different levels of three different factoras in a

8ingle experiment. Where facilities were limited, and
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where the factors potentislly affecting Bodo lens taré
meny, this was a2 considerable advantsage,

Certain assumptions s&re necesaary before any
statistical design cen be apﬁlied to & problem, and this
is the case with Latin Square. Of the five assumptions
necesgsary vefore Latin Sﬁﬁare can be applied to & problém,
only one would be apt to cause the results to be mlsleade
ing if it were not satisfied, Interaction must not be
present between the factors 1f the Latin Squsre design is
used, Interaction may be defined as belng present 1f the
effect of two factors applied simultaneously is not equal
to the sum of their effects when they are applied separ-
ately. In an esological problem such &s this one, inter-
actlon might be expected. This 1s the weakest part of the
design as 1t was used here, and an improvement to ocorrect
this will be suggested.

| A second weakness showed 1ltself during the asourse
of these experiments. This was not so much in the design
as in too small a sample size, Large differences in the
numbers of Bodo lens obtained under different oondibionﬁ
eould not be declared significent because of the low
number of degrées of freedom due to the three repetitions
of each treatment (sample size only 3). In future work of
this type, & much larger sample size must be used so as to

increase the degrees of freedom, making the obtalining of
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significant results possible.

A "2 x 2 x 2" Pactorial Experiment having’throo
repetitions would meke 1t possible to determine if and
where interaction occurs, It would also inocrease the
sample size from 3 to 12 and the degrees of freedom from |
2 to 11, Thie experimental design would eliminate the
weakness of the possibility of interaction being present,
end it would increase the degrees of rraedoﬁ to a level
where significant results should be obtained., It would
not be necessary toc do all three repetitions at the same
time, thus meking limited facilitles no serious handicap
to the use of this design. Additional information on the
Factorial Experiment can be obtained from the excellent
work on experimental designs by Cochren and Cox (5, pps
122-153) . " RS

Pirst Experiment

The first experiment was designed to determine
the effect of different levels of salinity, culture addi-
tion, and water filtration on the production of Bodo lens
’undar conditions suitable for tha‘rearing of oyster larvae.
Nine, 4-gallon stoneware crocks were used, and 12 liters
of sea water of the desired salinity was placed in each
crock. This sea water was sersted nn& gently circulated -

by air bubbles introduced through glass tubes. The
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TABLE VII

Observations for First Experiment on ?roduoticn of
Bodo lens in Crocks having Varled Conditions

]

{Recorded as relative numbers of Bodo lens; observatlions
in parenthesis other protozoa, greater than 10 mu)

Culture Salinity in Parts per Thousand
Amount U} Z5
One Day
60 co P 22 (0) S 4(1). ¥ 8 (1.9)
120 ce s 12 (1.6) N 7(3) P125 ( 0 )
180 ce ¥ 13(1) Pg7(0) s 21 (1.1)
Two Days
60 oo P 26 (0) s 7 (1.4) ¥ 12 (5.1)
120 oc 8 23 (2.9) N 13 (4.3) P 79 (0)
180 ce N 16 (1.3) P41 ( 0 ) S 17 (0.7)
8ix Days
60 cc P 9(1) 8 4 (3.7) N2 (L.3)
120 ce 3 5 (3.5) ¥ 1 (0,9) P 6(0)

180 co N 7 (1.3) P 2 {0.,4) 8 6 {(0+4)

Filtration: P, porcelain; 8, sandj; N, none.
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‘temperature of all the crocks was maintained st'ﬁa.c
aégrees ééntigrada throughout the experiment by squipment
described in section III, except for e drop in temperature
to 15.6 degreea on thé 8ixth day due to equipment failure,

The nine crocks were arranged in s manner aimli-
lar to the way in which the observations are presented
for the various days of the experiment in table VII. The
nine crocks were divided into three groups of three each,
illustrated by the columns in table VII, for the various
levels of salinity tested. The nine crocks were divided
into a different three groups of three each, illustrated
by the rows in table VII, for the various emounts of Bode
lens culture tested. These same crocks were divided into
st1ll snother three groups of three eaéh, 1llustrated by
the position of P's, 8's, and N's in table VI], for the
various kinds of filtration used, Thus, no two ecrocks
received the same treatments, but groups of three crooks
each could be selected whiéﬁ varied only in salinity,
or only in culture smount, or only in filtration. This
made it possible to test the effect of the verious levels
of each of these factors. This is the manner in which
the Latin Square atatiatieal design in 1ts simplest fbrm
was used on these two experiments,

Salinity was thought to be & potentlslly rmporwi

tent factor in'prmtozaa production; and selinities of 17,
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25, and 33 parts per thousand were tested., The amount of
food culture of Bpdo leng added to the erocks each day
was thought to be apt to affect the numbers of protozoa in
the crocks; and the crocks in one group recsived 60 oo of-
cultura each, while the crocks in the other two groups
each recelved 120 cc and 180 cc of culture every day. The
amount of filtration of sea water used in the crocks re-
ceived was considered a factor which might cause differ-
ences in protozoa production. Such differences might be
due to the removal of orgaenic matter with thorough
filtration or due to the removal of forms apt to compete
with or prey upon the Bodo lens. Three levels of filtra-
tion were used. One group of crocks received water which
wes filtered with & porcelein candle, and observations
from c¢rocks receiving this trestment are precr~ded with a

P in table VII. The water in a second group of crocks

was flltered with sand, and observations from these crocks
are preceded with an S. In the third group of crocks,
water which had received no filtration was used, and these
abservatiena are preceded with an N.

The relative numbers of Bodo lens present in
the various orocks under the different conditions were
determined in & manner desoribed in section III. Sinee
the rearing of oyster larvae requires from two to three

weeks, what occurred in the orocks over a period of about
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TABLE VIII

Statistios for Pirst Experiment on Production of
Bodo lens in Crocks having Varled Conditions

Levels and One Day Two Days 8ix Days
Variables :
Lavela Sample Means ss Relative Numbers
. of Bodo Iens
Salinity
25 ppm 32,67 20.3% 2,33
33 ppm 51,33 36,00 4.67

Gulture Amount

60 co 11,83 115,00 © 5.00

120 ce 48,00 38,38 4.00

180 oe 40,33 . 24,67 . 5.00
Filtration -

Porcelain 78,00 48,87 5,87

Sand 12,33 15.67 5.00

None D433 13,67 3.33
Variables Calouleted F Values with £ end 2
- | T Degrees of Freedom -
Salinity 1,33 ‘ 1.28 2.58
Culture Amount 1.56 2,35 0.18

Filtration 6,29 © B.54 0.68
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a week was important. Accordingly, determinations on
protozoa numbers were made at the end of the first day,
the second day, and the aixth day. 8ince predatory
relatlonships between the larger protozoa and Bodo lens
were thought of possible importance, the relative numbers
of protbzca greater than 10 mu were determined; and these
are recorded in parenthesis after the numbers of Bodo
lens in table VII.

The statlstics for the first experiment on Bodo
lens production are given in table VIII. The sample
means are given for the nine different treatmanta’and the
caloulated F values (with 2 and 2 degrees of freedom) are
given for the three different varisbles. These statistlcs
were caleculated and are ziven for tﬁe firat day, second
day, and sixth day, teble VIII. The calculated F values
for sslinity and culture amount for the first, second, and
sixth days are close enough to one to mske It safe to
accept the hypothesls that all of the sample means come
from populations having equal means; or, in other words,
there are no significent differences in the ssmple means
for the various salinities or for the various emounts of
culture tested. The F values for filtration for the
first and second dayé are 6.29 and 6,54 respectively with
2 and 2 degrees of freedom, teble VIII, The 5% point of
the F distrlibutlon with 2 and 2 degrees of freedom 1s 19.0.
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Since 6.29 and 6.54 are not greater than 19,0, the
differences in the sample means for filtration are not
significent. The P value for filtration for the sixth day
is ¢lose to one and no significant differences due to
filtration were present at that time, It is unfortunate
that the degrees of freedom were not higher as it 1s like-
ly actuml differences due to filtration existed on the
first and second days. The émall F velues for salinlty
and culture smount for the rirst and second days and the
small P values for &ll three variables for the sixth day
tend to make the F values for filtration for the first twe
days impressively large, table VIII,

Not forgetting that none of the differences were
shown to be significant, it might be well to discuss the
higher F values present on the first two days for filtra-
tion., These higher P values were due to a grester variance
in the sample means for filtration, table VIII, On the
first two days when porcelsin candle filtration was used
rather than sand filtration or no filtration, the sample
means were considerably higher, This might be éiblaincd
by the fact that the porcelain filitrestion removed most of
the protozoa larger then 10 mu., Observation of table VII
will show that where the water had been‘percel&iu filtered,
not a single protozos larger than 10 mu was recorded for

the first two deys. This complete lack of potentially
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predatory forms could explain the larger sample means when
porcelain filtration was used. On the other hand, by the
sixth day, protozoa larger than 10 mu were present in two
of the three crocks with porcelain-filtered water. The
presence of these larger forms in sufficient numbers to
be obaervable by the sixth day was no doubt due to the
multiplying of the few to pass through the porcélain fil-
ter or enter these crocks by contamination, The fact that
the differences in semple means for filtration were much
4 less by the aixth day might be explained by the fact that
these 1argar protazoa were no longer absent., If the degrdaa
of freedom had been sufficlently high to obtain significant
differences for filtration, Analysis of Covariance could
have been used to determine 1f these differences were ﬁua
to the absence or presence of protozoa larger than 10 mu.
Finally, from the work done here, it seems
likely future 1nvestigatioh will show that under the condi-
tions tested, salinity end the amount of food culture used
are not so important in the production of Bodo lens as are
the predatory relationships csused by the presence of
larger organisms, It may be that aonaidorable‘attontion
to the controlling of the forms pres#nt will be necessary
to obtain meximum production of Bodo lens for oyster

larvae food.
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Second Experiment

The second experiment was designed to determine
the effect of different temperatures, different kinds of
erock enrichment, and, asgein, different kinds of water
‘filtration on the production of Bodo lens under conditions
" sultable for the rearing of oyster larvee. In the first
experiment, neither different salinities nor the use of
different amounts of Bodo lens cultures had produced
appreciable differences in the numbers of Bodo lens in the
crocks, Different levels of water filtration produced
reaultg thﬁt were thought to be possibly different, though
these éif:erenaes were not significent due to an insuffi-
clent number éf degrees of freedom. It‘vaé thﬁa deoided
that different levels of water filtration would be tested
again aleng w1th two new varlables, tamperature and kind
of crock enrlohment.,

The Latin Square statistical design was used in
the same manner in the second experiment as it was in the
first experiment. Temperatures of 15, 20, and 23 degrees
centigrade were tested, and these were obtained in the
three series of crocks by using three different water baths
(section iII). As for the different kinds of crock enrich-
ment, one series of crocks received no enrichment, the
sesond series of erocks received 120 cc of sterile medium

#2 each day, and the third series of crocks received 120 co
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TABLE IX

Observetions for Second Experiment on Production of
- Bodo lens in Crooks having Varied Conditions

{Recorded as relative numbers of Bodo lens; observations
in parenthesis other protozoa, greater than 10 mu)

Croek Temperature in Degrees Centigrade
Enrichment 15 ﬁg 23 '

One Day

None ) P 0(0) 8 32 (0,8) ¥ 26 (1.3)
120 co Medium S 7 (0.4) N 22 (2.1) P 27 (0 )
120 oo Culture N 40 (3.4) P 36 (0 ) 8 65 (0.3)

Two Days

None P 11(0) 8 57 (0.4) N 25 (2.6)
120 cc Medlum S 85 (0.4) N 39 ( 5 ) P127 { O )
120 ce Culture N 74 (1.4) P 167 ( 0 ) 8 91 (0.4)

Five Days

None P B8(1.4) 8 6(1) N 6(1.1)
120 co Medium 8 17 (1.9} ¥ 13 (1.8) P 18 (0.9)
180 c¢¢ Culture X 56 (1.3) P 55 (0.4) 8 14 (0.8)

Filtration: P, porcelain; 8, sand; N, none.
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of Bodo lens culture (made in medium #2) each day. It

- was hoped this would help to determine if mere rertilisaw
tion of the crocks would have the same effect as sdding
grown cultures; and, if elther or both of these proscedures
produced any more Bodo lens in the erocks than would be
produced if nothing were added., The three kinds of water
filtration were again porcelain, sand, and none.

The nine crocks used in the segond axpériment
were the ssme crocks as those used in the first experiment,
and the water in these crocks was aerated and cireunlated
in the same manner. Twelve liters of sea water having
a salinity of 25 parts per thousand was pleced in each
orosk. At the beginning of the experiment, 60 oo of Bodo
lens culture was placed in each crock to insure thé pres-
ence of this organism in all crocks. After nine hours,
the three series of crocks testing enrichment received
their different enriclments, and thereafter reselved these
enrichments every day during the course of the—axperigaht.

Observetions were made on the numbers‘of Bodo
lens and the numbers of protozos larger than 10 mu present
in the various crocks at the conclusions of the first,
second, and fifth days. These observations were made in
the same manner as were those of the first experiment and
are redorded as the relative numbers of Bodo lens and

protozoa larger than 10 mu present in the various crocks.



104

TABLE X

Statistica for B3econd Experiment on Production of
Bodo lens in Crocks having Varled Conditions

%:ggiglzgd B One Day Two Days Five Days
Levels Semple Means &8s Relative Numbers
Temperature
15 ¢ - 15.67 , 58.6%7 27.00
20 ¢ | 30.00 87,67 24.67
25 ¢ | 38.67 81,00 12.67
- Enrlchment
None 19.33 31.00 6.67
120 cc Medium 18,67 835.67 16,00
120 ¢ce Culture = 46.33 110,67 ' 41,67
Filtration W
Porcelsin 21.00 101.87  27.00
3and 34,00 77 .67 12.33
None 29,33 46,00 25.00
Variables Calculated F Values with 2 and 2
- Degrees of Freedom -
Temperature 5,39 0.44 0.82
Enrichment 9.95 2,72 4457

Piltration 1.73 1.29 c.88
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These observations are presented in teble IX which 111us~'
trates (under any single day) the Latin Square design used.

~ The statisties for the second experiment on the
production of Bodo lens are presented in table X. It will
be seen from table X that the means for the various vari-
ables are high on the second day as compared to the first
day, but that by the fifth dey the means have decreased to
a level similar to that of'the first dey., This initial
productivity damanstra%ed by'tha high means on the sesond
day followed by & decline dqmenatrated by the low means on
the fifth day 1s the reason & stuﬂy of this type must be
over a period at least as long éa the one used here., Con=
ditions resulting in e sustained higher production of food
are the only conditions that wlll benefit the 1arvae; A
changling ecology in larval rearing crocks may decresase the
productivity over a period of days unless steps are taken :
to control the factors operating against the production of
the desired food orgenisms.

The highest eslculated ¥ values for the second

- experiment were obtained at the concluaion of the first

.' day with the varisbles of temperature and enrichment,
table X, This meant that the greatest vsrlance &r differs
ence in sample means was obtained here. The caleulated

P values (with 2 and 2 degrees of freedom) of 5.39 for

‘tamperatara and 9,95 for enrichment on the first day are
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not grester than 19 which 1s the 5% level of the F distrie
bution with 2 end 2 degrees of freedom; and thus the
differences in means measured by these F values are not
significant, It is likely that sctusl differences due to
 these two variables existed at this time, but the low
number of degrees of freedom ggain made 1t impbnliblo to .
declare these Alfferences significant. If actusl differ-
ences due %to tbmparature and enriohment wara a$sumed to bcy
present at this time, since the F values for temperature
and enrichment declined markedly by the second day, it
seems likely the first daj differences were due to the
initliel booat given production in the crocks having the
higher temperatures and receiving cultures, By the agaoné
day, the natural productivity of the ecrocks may have masked
differences created by this initial boost in certézn
crocks. | |

, The caloulated F values for temperature on the
second day and on the fifth day, table X, are close enough
to one to meke 1t reasonsbly safe to assume no differences
in the numbera of Bodo lens present in the crocks due to
different temperatures were present at these times, The
caleculated F values (with 2 end 2 degrees bf freedom) for
filtration are close enough to one on allydaya'to make 1t
fairly safe to sssume that no differences in means due to

different kinds of filtration were present. It may be
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seen from table IX that for the first and second days no
protozoa larger than 10 mu were cbserved in any of the crocks

ving weter recelving porcelasin filtration. This would

indicate mctusl differences in conditions present in the
ocks were created by filtretion (as In the first experi-
ment) but. that filtration was not an importent factor when
the orocks were not all receiving cultures (es in the second
experiment). These different conditions gave indicetion of
producing differences in Bodo lens production in the firat
experiment, That thesse different conditions did not

produce dilfference in Bodo lens in the second experiment may

indicate the presence of Iinteraction between the different

faoctors being tested in the two experiments. Such inter-
action might be thet filtretion was an importent factor
when all of the crocks were receiving cultures (s in the
second experiment). Here again the need for a Factorial
periment which would test for interaction and would heve a
larger number of degrees of freedom was shown,
| Enrichment was the one variable that seemed to
have a continuing effect on the numbers of Bodo lens
present In the various crncka during the period tested in
the second experiment. The sample means for the crocks

receiving cultures rether than nothing or sterile medium

wére higher on every day observations were made, tsble X.
That differences in these sample means were not signifi-

cant is shown by the aalaniated F values of 9.95, 2.72,



108

and 4.57 for the firsi, second, and fifth days respective-
ly, table X. A higher number of degrees of freedom would
ﬁery likely have shown actusl differences in protozoa
productlon to exist on the filrst and fifth days due to
differences in enrichment. On the fifth day the sample
mean for crocks rea&iving‘aultures is higher than the
sample mean for crocks receiving any other treatment; and
the caleulated F value of 4,57 for enrichment seems rather
high when compared to the 0.82 for tsmperatura and the
0.38 for filtration.,

Actual differences in the production of Bodo lens
under condltions suitable for rearing oyster larvae were
probably brought about by some of the different varlables
studled in the‘first and second experiments, Impravamahta
in the experimental design such as have been suggested
will be necesaary before adaquaté information on such
differences can be made available to improve methods Leilng
used in rearing oyster larvase. These two sxperiments have
shown the factors affecting protozoa praduétion under
larval rearing conditions to be very interrelated and
complex; and uontrél of these factors may well be necea~
sary before the optimum conditiona for the reering of‘

oyster larvee can be obtsined.
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IX, SUMMARY
This paper covers studlies made on the colorless

flagellate Bodo lens (0.P, Muller) as food for larvae of

the Natlive Pacific Coast Oyster, Ostrea lurida Carpenter.

Studles designed to lead to the rehabllitstion of the
depleted native oyster fiahery of Yaquina Bay were fir#t
begun by the Depertment of Fish and Game Management,
Oregon State College, in 1939 under the dirsetion of
Frafesuor Roland E, Dimick. Inrorm&tian geined from thess
studles indicated insufficlent successful reproduction was
& factor lesding to the depletion of the fishery; and in
1946 an investigation was undertsken to determine a method
of artificially rearing the larvae of the native oyster to‘
the spat atage. This was first accomplished during the
summer of 1949, and the investigation during the summer of
1950 was designed to clarify the role of food organisms
and nitrogenous wastes in larval rearing. Bodo lens was
selected as being an organism likely to be suitsble as
food for oyster larvae. The investigation and experimen=.
tation with Bodo lens es an oyster larvae food involved
the identification, culturing, and growth determination

of Bodo lens; & study of the ingestion and assimllation of
thls organism by larvae; the_rearing of native oyster

larvae; and & study of the production of protozoa under
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conditions sultable for rearing oyster larvae,

Some of the methods and materisls used for the
investigation had been developed through work done herse
during the past several years; while some na?’onns were
needed and developed for the partioular studies made during
the summer of 1950, Work was done with culture media,
pure gsulturing, intra-vitam stalning, protozoa counting,
larvae counting and measuring, and larvae chlorinstion..
The rearing orocks, temperature control equipment, and
water filtration aquipment were the same £ 8 had been used
here in the past, The larvee were resrsd in 4 énd 12-
gallon stoneware crocks having fillter-type weter siphons
for changing the water. The water was gently ciroulated |
and aerated by alr introduced through gless tubes, The
water used was generslly filltered through sand.

The identifying and deseribing of Bodo lens
presented some difficulty due to the variasblility in size
and form of this protozoa. Bodo lens has two flagella,
one of which tréils, an exceedingly plastic form, and one
or two poateriorly located vacuoles, It usually varied
in size from 2 by 2‘5‘mu to 6 by 7.5 mu., A flegellate
and two ciliates were involved in the studies, and though
deseriptions of them have baen‘inaludad, thej wern’not |
identified with certeinty.

" A study of the growth of Bodo lens in two culture
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media was made in order to select the ideal medium for
eﬁlturing this protozos for oyster larvae food, The ideal
medium was considered to be one which would produce good
cultures of Bodo lens while being low in nitrates and
other substances which might have end products harmful to
the larvae. Two media were tested, medium #1 being higher
in starch and nitrate than medium #2. A peak of 2,935,000
Bodo lens per cuble centimeter was reached in medium #1 on
the third day, while in medium #2 a peak of 1,925,000 was
reached the ssme day. In splte of the higher pesk in

- medium #1, medium #2 was selected as being the most sulted
for growing cultures of Bodo lens for oyster larvae food.
This was because medium 2 had so much less starch and |
nitrate than medlum #1 that muéh more medium #2 could be
added to the rearing orocks,

The feeding of native oyster larvse on intra-
vitam stained protozos was studied in order to determine
whether'or not the lervae were able to ingest them., Bodo
lens was readily entangled in mucous used by the larvae in
feeding; and due to this protozoa's fragile chsracter it
was apperently broken up before ingestion, being then
teken in as & part of the mucous masa‘§.§o intact §ggg
~ lens were observed in the gut of the larvae, but steined
perticles thought to be the nuclei were. Bodo lens,

because of 1ts small size and fraglle character, ¢an no
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~ doubt be ingested by native oyster larvee., Whether lerger
protozoa can be Ingested by these larvae may be as depenw
dent on the charascter of their pellicle as on their size.

Having some idea of the number of Bodo lens
ingested by native oyster larvae in & day was desirable
so a8 to be able to adjust the amounts of food cultures
used to amounts in line with the actusl regquirements of
the larves. The change of numbers of Bodo lens in two jars
in which there were no larvae was compared to the change
of numbers of Bodo ;ggg in two Jars in which larvse were
present., It was determined in this menner that a native
oyster larvee may ingest 12,250 gggg';ggg every 24 hours.
Due to the nature of this study, this figure can be con-
sidered only & rough estimate, but it does provide a
working basis for larval rearing investigations until
edditional information is avsailable.

There was little reason to suspect éystar larvae
could not assimilate Bodo lens as this organism 1s freaglle
end lacks a protective covering against the digestive
‘enzymes of the larvae. HNevertheless, 1t‘waa thought
desirable to definitely establish the asaimii&tioh of this
protozoa if possible; end an axpetimen§ making use of a
radio-active tracer was designed. The experiment falled
to demeonstrate the assimilation of Bodo lens due to the

need for supporting experiments. This experiment did
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demonstrate that redio-active materials ecould be of cone
siderable valuve in future larval food studies.

Four separate artificlal rearing experiments
with larvae of the netive oyster were conducted during the
summer of 1950, The first three experiments failed for
various undetermined ressons, while the oyster larvae were
reared to the spat stage in the fourth experiment. The
first threé experiments utillized a Latin Squere statis~
tical design to make possible & study of three factors
kind of food culture used, amount of food culture used,
and frequency of weter change. Four-gallon, stcneware
rearing crocks were used for the first three experiments;
and though conditions in these crocks were no doubt
critical due to their amall éize, 8lze as such was probe
ably not the cause of these failures,

The fourth experiment in which the oyster larvae
~ were reared to the spat stage was carrled out in three,
l2-gallon erocks. The only varisble studied In the fourth
exﬁerimenb wag kinéd of food culture used, the amount of
food culture and the water change being kept constant.

One crock recelved 150 co of bacteris culture sach day,
another erock received 150 cc¢ of Bodo lens culture each
day, while the third erock received 150 c¢c¢ of & mixad'

culture contalning bacteria, protozoa, and algae each day.
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Five thousand larvae in‘tha~straight~hinge stage messuring
179.5 mu were placed in each crock. These larvae grew at
& rate of 3 to 4 mu a day in all crocks. 8pat settlement
began between the twelfth and seventeenth day and contin~
ued through the twenty-second day. The larvae settled and
became apat when they reached sizes from 233 to 246 mu.
No difference in growth between the larvae in the three
crocks could be detected, end though the sample of 1arvaa
measured was too small to detect slight differences, it 1s
unlikely that differences exlisted, The resson for this
was that the use of three different kinds of food culture
apparently falled to create different food conditions in
the three crocks, Counts of the relstive numbera of proto-
zoa in the three crocks showed the numbers of Bodo lens to
be equally low; whlle the numbers of protozoa larger than ’
10 mu were more plentiful than Bodo lens in &ll orocks.

No adequate explanstion can be presented for the
fallure of the first three rearing experiment#, nor c&n
reasons be given‘fcr the success of the foﬁrth experiment.,
Kany factors that might be detrimentel to the larvee
become more critical under the artificial conditions in
small vessels, and here these factors may be more d4iffie
cult to control., Nitrogenous wastes, improper salinities,
chlorination and other handling of the larvae, predation,

and disease were all considered as being potential causes
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~of fallure. Crowding of the lsrvee nrgsulting in loss due
to toxliec wastes, increased opportunity for disease, and
more competition for food might at times casuse falilure.
Differences in the larvae themselves due to genetics or
pre-gwarming environment might mean success or failure,
Probably no two fallures were caused by the same set of
factors and this 1s no doubt ﬁhe mein reason no adequete
explanation can be given for either the fellures or the
successes.

After an organism has been found sultable as
food for oyster larvée, 1t 18 necessary to be able to
produce that organism in large numbers under conditions
sulteble for the larvee or it will not benefit ertificisl
oyster larvae rearing. The larval rearing experiments
indicated that merely adding cultures of Bodo lens to
the crocks would not lnsure its presence in‘iarge numbers.,
A Latin Square statistical design was used in two experie
ments to determine the factorS‘affseting the production
of Bodo lens. Salinity, amount of food culture used, and
type of water filtration were tested in the first experi-
ment. Temperature, kind of crock enrichment, and water
flltration, agaln, were tested in the second experiment.

Due to Interaction and insufficlent degrees of
freedon (sample size too small), the results of the two

experiments were not significant, though actual differences
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caused by some of the varlous treatments probably existed.
The design of future experiments of this type could be
considerably improved through the use of & Factorisl
Experiment which would detect interaction and increase the
degrees of freedom to 2 level where significant results
should be obtained.

These experiments indicated that salinity and
the amount of Bodo lens culture used might not ve too
1m§ertant»in the préduction of Bodo lens., Water filtra-
tion, removing larger predatory protozoa, might ve
important under some conditions. Temperature over a
period of days may not be so important s it is when
cultures are flrst added to the rearing crocks, The addi-
tion of cultures of Bode lens to the rearing crocks may
help to malntain & higher level of abundance of this
organism than would fertilization of the crocks. The
factors determining the production of protozoa are complex,
@nd additional studies of this type will be necessary
until sufficient information can be obtained to make 1t
possible to control these factors so as to produce optlmum

food condlitions for oyster larvae.
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