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AN INVESTIGATION OF THE AUTUMN MAXIMUM

OF DIATOM GROWTH AT ST. ANDR EW S, N. B.

During the summer of 1924 an attempt was made to grow in
special cultures such genera of diatoms as were found in sea-
water taken at any convenient time of day from Just beyond the
breakwater at the Atlantic Biological Station at St. Andrews,
N.B.
explanation for the remarkable maximum which diatoms reach in
their growth during the autumn in that locality,
that the common white jelly fish, Aurelia aurita ( Fabricius )
is also abundant , reaching a maximum during the late summer,
and then rapidly disentegrating and practically disappearing,
offered a possible source of increased food supply for diatom
growth.

The purpose of the investigation was to find an

The fact

It was observed during the Canadian JSxpedition to the
Strait of Belle Isle in 1935, by Prof. A. G. Huntsman who
suggested the problem that the oold waters of the Labrador
current were quite barren in fish and f ;>od for fi3h but con-
tained great quantities of Jelly fish which died and decomposed
when they reaohed the warmer waters near Newfoundland.
warm water too, seemed to lack fish food but the mixed water
resulting from the two was exceedingly rich in diatoms.

The

Cultures, therefore , enriched with varied amounts of dis-
entegrating Jelly fish were set up in the labratory where the
effect of different physiological conditions could be carefully
observed and noted at regular intervals.

To identify tne various genera of diatoms which had been
taken in previous years with No. 5 planton net at Station No. 6,
in the St. Croix River near the Biological Station and preserved,
those that were found from day to day in the sea-water , and those
that began to appear in the cultures, was an exacting and difficult
task.
to be found in standard works on the subject was made and w i t h the
aid of a valuable collection of named slides , made and donated
f jr use at the Biological Station by the late Prof. L. V/. Bailey,
the writer was able to identify most of the more common genera and
species.
of Pruf. Bailey on the diatoms of New Brunswick and Eastern Canada
mentioned in the bibliography and to the two papers numbers IY and
V published by Miss Clara B. Fritz in "Contributions to Canadian
Biology 1918-20."

In the first place , an attempt was made to ascertain just
when the fall diatoms reached a periud of maximum growth,
lections of plankton had been made in a systematic way at Station
No. 6 since 1918 and a careful examination of the preserved

A careful 3tudy of descriptions, drawings and photographs

Special reference was made to the various publications

Col-
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material and records for the contents of No. 5 net vms made. No
definite conclusion as to the precise dates of maxima could be
reached as experience shows that No. 5 net does not satisfactor-
ily obtain diatom tows, a much finer one being required,
small diatoms were abundant in the water the;/- might pass easily
through the net and the measurement of the preserved material
be misleading.
was often the case during October, the first specimens caught
might clog the meshes of the not and the resulting haul be very
large.
exceedingly large amount of diatom material was obtained in all
the tows reaching a maximum d’iring the first week of November.
The long thread-like form which composed most of each haul is
referred to by Prof. Bailey in "An Annotated Catalogue of the
Diatoms of Canada," 1924 as Thaïesslothrix Frauenfeldil, Grun,
or as disputed by McKay to be

~
P Thalasslonema. The following

table shows the dates of the maxima as nearly as they could be
found by a rough estimate of the volume in each tow taken with
No. 5 plankton net by measuring the height in centimetres of the
material in cylindrical jars of the same size'.

If

If long sp indie-shaped forms were ab'indant, as

Such seemed to be the case in fall of 1923 when an

TABLE I

Year Date Genera

Nov. 71923 Thalasslothrlx, in great
abundance.

1922 MelosIra, ChaetooeroB,
NavicultT, Cosclnodl3CU3.

Sept. 8

Rhlzosolesnla, Cosclnodiscus,
Chaetoceros.

1921 Oct. 27

1920 Oct. 21-29 Chaetooeros, Blddulphla,
Plourosigma, Skeletoneiaa,
Hhizosolenia*

Sept. 111919 Chaetoceros, Cosclnodlscus,
‘ifhalassiothrix.
Very scanty.1918 Sept. 5

Table I Showing the approximate dates of the autumn maximum of
diatoms as revealed by the contents of No. 5 net.
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Graph showing the sudden increase in diatom growth during

the autumn of 1923 as revealed by contents of No. 5 net.
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Examination of tho tow3 taken with No. 0 net, at Station
6 during the summer months was then made a3 well as the records
of thusa tows to determine when the jelly fi3h wore most abundant
and when they seemed to disappear,
the data as determined.

The following table gives

TABLE II

Year Maximum Bisapp varance

üctob ;r 1July 201923

July 2Q-Aug.4 Sept, lb1922

July-Aug? Sept. 301921

Sept. 30Few jelly fish
but many ctenü-
ph^res

1220

Sept. 1July lb-301919

Sept. 1July-early1918

Table II—Showing approximate tine of maximum number and dis-
appearance of Aurelia aurita from tov/s with No.O net.

GENERAL PREPARA TON OF CULTURES

In preparing the cultures pint fruit jars of the perfect
seal type from which the rubber ring has been removed were used
throughout.
rinsed with distilled water, and then. placed in the Arnold steam
Sterilizer for thirty minutes, allowed to cool, and covered with
the sterilized tops.
sea-water taken from beyond the breakwater, the water being
measured in a graduate 1 flask,
each time to complete a series of jars.
fish were dried on filter paper and the required quantities cut
from the specimen radially and weighed in a clean beaker con-
taining a small quantity of the 2b0 cc. of sea-water mid then
poured into the jar and the top replaced. The same jblly fish
was used for the five jars in each series. Unless otherwise
stated no attempt was made to reduce the jelly fish to very small
pieces except what was done in cutting the required amounts,
jars were numbered 1 to 5, the fifth being the control containing
only sea-water.

To pr vide conditions as nearly natural as possible, a
series of shallow pans through which sea-water was kept running

The jars and tops were first carefully washed,

Into each jar was poured 2b0 cc. of fresh

Sufficient water was ’-.aken at
Freshly caught jelly

The
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Aurelia aurita during the summer of 19S3 as revealed
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were placed un the roof,
which one or more series of Jars could be placed in a shaded
position, while other series in the saiae pans were exposed to

Other cultures were placed in the north windows

In each was placed a hood under

full sunlight,
of the Labratory.

Daily temperature records for the cooling pan and the
Labratory were kept,
which could be observed in each jar from day to day when held up
against the light,
precipitate began to appear samples were taken and preserved for
microsconic examination,
culture drawn off quickly in a pipette after the whole culture
had been thoroughly agitated by rotating the Jar in the hand.
The sample was then diluted with an equal amount of 10% formalin
and corked in a small vial,
of four days.

Detailed reports'were made upon changes

When growth as indicated by a brownish

Each sample consisted of « cc. of the

Samples were taken at intervals

EXAMINATION AND COUNTING OF SAMPLES

A preliminary examination of the early samples carried on at
the Biological Station revealed the fact that the diatoms were
growing in patches and were packed so closely together, probably
about bits of
impossible unti

fish, that accurate counting would be
masses could be satisfactori

Jelly
1 the ly broken up.

Two large battery jars F and G containing culturus made on
the basis of 2 grams of jelly fish of 250 cc. of sea-water were
prepared, F being placed in the north window and G in a west v/indow,
but cooled with a stream of water from the tap to prevent the

Both culturestemperature from rising very high in the afternoon,
flourished and an abundance of material for experimental purposes
was obtained and preserved for use during the winter.

In the first place chemical means of breaking up the growth
Dilute, strong, oold and hot acids were appliedcolonies was tried.

without satisfactory results, the difficqlty being due to the
silicious oovering of the diatoms ^riiioh were either unaffected or
seemed suddenly to go into solution \hen boiled in the hot acid.
Finally, clean quartz sand grains of fairly even sir:e were employed

as a physical means,
of a small quantity of sand in a 1 cc. sanple, the colonies appeared

to be satisfactorily broken up without injuring the diatoms to any
appreciable extent.
the comparatively few fragments of diatoms to be found in the
treated samples and from the fact that such a delicate form as
Nitzschia closterium S.B.D. was found in such abundance intact.

After five to eight minutes vigorous shaking

This conclusion was reached from observing

First, a

Levy blood counting cell was U3ed but the quantity it contained
was found to be too small.
used by Miss Fritz presented the other extreme,
of the Rafter from a perserved sample dil ited to 3 cc.
cell had a rectangular rim 1.7 cm. x 1 cm. x 1 mm., and from care-
ful measurement and weighing of the water it contained when covered

with a slip, was found to be of .175 cc. capacity.

The next essential was a suitable counting cell.

The Rofter oell of 1 cc. capacity as
An adaptation

The new

Since each



5 -
sample diluted to 3 cc. contained 6 cc. of the original
culture, the counting cell contained .029 cc. of the original
culture. To facilitate covering the whole field of the cell,
.5 mm. rulings were lightly etched on the microscope slide to w
which the frame was attached. More than enough to fill the
cell was drawn off quickly from the sample to be counted after
it had been thoroughly shaken, and the cell filled at once and
the cover slip pressed down firmly.

In counting, a Spencer objective â mm. N. Ap. 0.50 and
10X eye piece were used which did not reveal the minute details
of structure in the small forms which predominated in the
cultures.
field was counted,
found that one half of the cell could be used v/ith reasonable
accuracy especially where the numbers were abundant since the
diatoms seemed to be fairly evenly distributed over the field.
In the tables these counts were reoorded X x 2 where X represents

the number in half of the field.

In most cases, the numoer of diatoms in the whole
After considerable experience it was

Although more detailed reoords of the identification as
well as drawings of some doubtful forms were made, all have been
grouped under three headings, namely, Nitzschia, Navicula find

Other Genera.
The most abundant diatom found in the cultures was Nitzschia

clotsterlum. The Navlculae were mostly small species but very
persistent. Other Genera included small chains of Frnglllarla,

Ch; etoceros and ^elosira, Surire11a and Synedra Chaetoceros
which was very abundant in all the tows taken at St. Andrews
during the summer disappeared very quickly from the cultures which

were often overgrown by N. closterium or small Naviculae. These
last named Miss Fritz also found in her cultures and Prof. Bailey

described as ’’littoral rather than pelagic or planktonic”— (Cont.
to Can. Bio. 1915-16, P. 105).

The number of diatoms recorded for each culture can at best,
be only an approximation and the most general conclusions be reached

from their consideration,
developed a growth which collected in patches or on the bottom

and sides of the jar more than others, the samples may not have been
representative. Then, in the samples where the numbers covmted

were very high thé period of slinking may not have reduced all the

patches entirely. Only one count was made for each sample.

Since all the jars contained 250 cc. of culture medium the

aggregate number of diatoms at the time the sample was taken may

easily be calculated from the number counted in the cell.

In the first place, since some cultures
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CULTURES

Cultures A and B

Date:—July 10th

Notation and quantity of Jelly fl A: Al, 10 grama; A2,
5 grams; A3, 2.b grams; A4, 1.25 grams; A5, control, containing
only sea wntor. Series B was the sane as Series A.

The ten Jars were placed In the first pan
of running v/ater on the roof, In two rows under the hood, and
the position of eaoh series ohanged on alternate days from the
front to the back of the hood.

Position:

Light Intensity: Front of hood 2.5$, side 2%, and back
full sunlight..05/4 of

Cultures C and D

Date:—July 10th

Notation and quantity of jelly fish: Both were made on
same basis as A and B.

Both were placed in same pan with A and B butPosition:
in full sunlight.

For all measurements of the light intensity recordod in this
paper, the writer is indebted to Prof. A.D.tlugh of peon's
University.

In all the jars except the controls, a milkineso appeared
during the first two or three days but soon disappeared,
little pieces of Jelly fish which had been floating in the water
also disappeared except in B3 in which a small clear piece
remained visible as late as August 14th*
more quickly in Series C and D than in A and B.
cated by a brownish precipitate began to appear earlier in Series
C and D than in A and B and was first apparent in jars No. 3 and
No. 4 which had the lower concentrations of Jelly fish,
however, Jars No. 1 and No. 2 developed an even more vigorous

growth which surpassed in amount the dwindling growth of jars
No. 3 and No.4.
development but at no time developed as much colour as C and D.
Series D developed a slightly deeper colour and greater volume of

By Aug. 23 an alga, a^nterraorphora contressa,

The

The milkinoss cleared
Growth as indi-

Lator,

Series A and B apparently made very similar

growth than series C.
as identified by Prof. Klugh was found to be growing in jars

The daily range of temperature variations as recorded for the
pan of running water was from 14*-16°C.

and
D2.

The following tables show the number of diatoms counted in
Series B and D in samples obtained on the dates recorded,
found impossible to count all the samples and the same dates were
chosen in eaoh series for the sake of comparison.

It was
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TABLE I— CULTURE B

Jar Date Nitz3chia Navioula Other Genera Total

B1 Jul. 29
Jul. 29
Jul. 29
Jul. 29
Jul. 29

1 43 1 45B2 0 38 15 53B3 42 85 13710B4 9 26 8 43B5 418 5 54

31 1Aug. 2
Aug. 2
Aug. 2
Aug. 2
Aug. 2

9 1ÔX2-32
15x2-30
41x2-82
6x2-12
4x2-8

6B2 0 13 2B3 1523 3B4 1 14B5 0 2 2

B1 0Aug. 6
Aug.6
Aug. 6
Aug.6
Aug. 6

3621 15B2 1 7167 333 17 8054 9B4 4 20106B5 11 5933 15

B1 0Aug. 13
Aug. 13
Aug. 13
Aug. 13
Aug. 13—evaporated

7066 4B2 0 259243 16B3 34 10761 12B4 6712 748B5

B1 Aug. 22
B2 Aug. 22

0 2319 4
0 25223
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TABLE II— CULTURE D

Jar Date Nitzschia Navioula Other Genrea Total

D1 Jul. 29
Jul. 29
Jul. 29
Jul. 29
Jul. 29

180 69 87D2 690 86 16 792D3 0 27 2 29D4 182 50 11 243D5 1 26 4 31

D1 Aug. 2
Aug. 2
Aug. 2
Aug. 2
Aug. 2

0 35 0 35x2-70
124x2-248D2 57 364D3 0 37 16 53D4 103 0 13x2-26
12x2-24D5 0 9 3

D1 12 19Aug. 6
Aug. 6
Aug. 6
Aug. 6
Aug. 6

1 32x2-64
997x2-1994

22x2-44
D2 899 1602D3 0 13 9
D4 4937 93
D5 0 13 17x2-344

D1 Aug. 13
Aug. 13
Aug. 13
Aug. 13
Aug. 13

210 61 316x2-632
997x2-1988

18x2-36
15x2-30

45
D2 907 2166

7D3 0 11
D4 0123

35 (chain)D5 450 10

D1 Aug. 22
Aug. 22
Aug. 22
Aug. 22
Aug. 22

0 29 3 32x2-64
305x2-610

4x2-8
12x2-24

D2 58223 24
D3 21 1
D4 0 10 2
D5 020 4
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From a study of the tables one would conclude that the
great amount of growth obtained in the higher concentrations
of jelly fish in Series D was due to N. olosterium , hich found
the light intensity more favorable than in Series B. Develop-ment in jars No. 1 and No. 2 of Series B was slower than in the
same jars of Series D.
early enough in the life of either series to get satisfactory
counts for the maxima in jars B4 and D3 and D4.

It is evident samples were not taken

Culture 3

Date:—July 16th

Notation and quantity of jelly fish:
5 grams; E2, 2.5 grams; E4, 1.25 grams; 35,

El, 10 grams; E2,
control.

•Position:—This series was placed with the jars in a row
The light

The temperature
on a support in the north window of the laboratory,
intensity was measured as 5# of full sunlight,
variations wore recorded as from 16°C to 22°C.

As was observed in A,B,C,D on the roof, milkiness developed
in series E in the first two or three days in all the jars but
the control.
by the eighth day was apparent in all but the control.
30th an alga Enteromorpha Compressa was observed to be growing
to the side of

_

the jars El ana E4. By Aug. 22nd the whole series
seemed to be dead.

Growth first appeared on the fifth day in E4 and
On July

In this series, E2 which corresponds to B2 and D2 in amount
of jelly fish reached its first maximum by July 29th which is
equivalent to five days in advance of B2 or D2 since it was set
up later.
due to presence of N.olosterium which evidently found the double
intensity of light and the higher temperature more favorable to
its growth.
better food supply and therefore, the cultures developed a greater
growth.

The greater growth in E as compared with B was plainly

The higher concentrations evidently afforded a
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TABLE III—.CULTURE K

Jar Date Nitzsohia Navlcula Other Genera Total

Jul. 89
Jul, 29
Jul. 29
Jul. 29

E2 156 11 16 182E3 116 15 16 147E4 91 35 1348E5 1 43 6 50

E2 Aug. 2
Aug. 2

9 29 16 54E4 4 23 23 50

12585 12E2 28Aug. 6
Aug. 6 35S4 10 20 5

El Aug. 9
Aug. 9
AUg. 9
Aug. 9
Aug. 9

353 48 4098
133S2 92 33 8S3 7612 42 23E4 57314 23 394
99E5 37 1844

13 52x2-104Aug. 13
Aug. 13
Aug. 13
Aug. 13
Aug. 13

El 36 3E2 5125 23 3
7 14x2-281E3 6

10011E4 2663
0 1 6x2-12E5 5 .

0 2x2-4Aug. 18 0 2E2

0 2x2-4
3x2-6

20Aug. 22
Aug. 22

E2
10 2E4
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Culture H.

Date:—July 28th

Notation:—H1.H2.HS.H4.I15

quantity of Jelly fish:—Into oach jar \ma plan id H grams
of finely divided jelly fiah to 250 oo. of frosh sea-v/ater
strained through clean Ho, 5 netting.

Position:—HI wa3 plaoed in north window; 112 v;as placed
one day in full sunlight in one of the pans on the roof and then
removed to the north window; H2 was placed in sunlight for two
days, H3 for four days and H5 for eight days and then removed
to the north winder/.

Two grams of jelly fish was chosen as the basis of this
series, as it represented an intermediate value between the
concentration of !ars No. 2 and No.4 of the five previous series.
The water was strained to remove animal organisms which night
be contained and by their decomposition increase the food supply.

All the cultures developed a milkinoon which appeared to
clear more rapidly in HI than in the others. By Aug. 5th, H4
appeared to be the best culture and continuad in good condition
for ten or twelve days when it seemed to fade out and die.
did not give evidence of as great development ns the counting
later revealed.

H5

3ach Jar in the series reached its maximum growth by Aug.
13th in spite of the different light conditions to which the
different members of the series had boon subjected during the
first eight days,
exposure to light developed a much greater growth than the others.
H3 developed twice as much as either H2 or HI but they died off
more quickly than HI v/hioh wan 3till retaining its maximum when
the last sample was taken.
the cultures exposed to light may have been due to a more rapid
deoomnoeition of tne jelly fish.

Cultures H4 and 115 vhioh had the longest

The sppeding up of the growth in
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TABLE IV—CULTURE H

Jar Nitz3chia Navie ula Other GeneraDate Total

H1 Aug. ô
Aug. 6
Aug. 6
Aug. 6
Aug. 6

24 40 32 96
H2 143 9 26
H3 10 413 28
H4 10 3053 93
H5 7429 1035

11 7818H1 Aug. 9
Aug. 9
Aug. 9
Aug. 9
Aug. 9

49
H2 25 8352 6
H3 49x2-987 37 5
H4 1117 4820
H5 30293 3263

17H1 162 70 249Aug. 13
Aug. 13
Aug. 13
Aug. 13
Aug. 13

H2 17 268221 30
113 76 560475 9
114 1257

1224
71192

1134
50

1H5 89

123x2-246
22x2-44

69x2-138
11x2-22
5x2-10

75 31 17H1 Aug. 21
Aug. 21
Aug. 21
Aug. 21
Aug. 21

H2 11 65
H3 16 053

2H4 4 5
0Ii5 2 .3
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Culture J

Date:—August 1

Notation:—Light 1 and 2; Shade 1 and 2; Dark 1 and 2.
wjiaiitit > of jelly fish;-- Two grams of jelly fish left as

whole as possible was placed in each culture.
Position:—All the jars were placed in a pan of running

sea-water; two in full sunlight, two in 3hada measured as 5# of
full sunlight and wo in covered oans.

The culture in jar Light 2 made much slower progress than
Li ht I, the only reason apparent being that part of tue jelly
fish long remained clear and floating in the sea-water.
developed in the Jars in both the light and shaded positions but
was leNss dense in the latter.
no mil^lness or growth and in one jar pieces of jolly fi 3h
remained clear until Aug. 24th when the last observation was made.

Milkiness

The c iltures in tne dark exhibited

Examination of the samples verified the observations made
Growth was moston the cultures as they appeared in the Jars,

rapid in Light 1 and 2, reaohed a much higher maximum and by Aug.
21st had declined a than in the cultures in the shaded position.
The frustules of N. clostorlum wore longer and more healthy in

The grov/ uh, if any, in the dark was unimportant. TheShade 1.
diatoms looked shrivelled and stunted.
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TABLE V—CULTURE J

Jar Date Nitzsohia Navioula Other Genera Total

Light

Aug. 6 (mi3sing)
Aug. 9
Aug. 13
Aug. 21

J1 59 9 248J1 180 99 1566J1 51 12 5 17J1 0

J2 0 42 10Aug. 6
Aug. 9
Aug. 13
Aug. 21

52J2 130 724 161J2 2 22 273J2 0 15 0 15

Shade

J1 35Aug. 6
Aug. 9
Aug. 13
Aug. 21

3 6 44J1 18 1232 62J1 54 39 30 123J1 1 355 29

Dark

J1 29 5 351Aug. 6
Aug. 13
Aug. 21

17J1 142 33
6J1 0 3 3
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Culture M

Date:—Aug. 14th

Notations:—Ml. M2, M3, M4, M5, M6.
nantit y of jolly fish:—Two grams in 250 oc. sea-v/ater.
Position:—A fresh culture was made each evening beginning

with Ml on Aug. 14th and ending with M6 on Aug. 20th and placed
on a cooling pan in full sunlight the following morning.

Purpose:— To investigate and compare the rate of decompo-
sition of Aurelia aurita.

observations were mane each morning about y.;>0.
Aug. 16—Ml—No apparent onange in jelly fi3h.

17—Ml—Slight milkiness. Jelly fish quite clear.
M2— *uite milky. Jelly dis(integrating rapidly.

18—Ml—More milky than before. Large piece of
clear jelly fish.

M2—Milky. Less jelly fish than Ml.
M3—Slightly milky—much unchanged jelly fish.

19—Ml—Clearing. Several pieces of clear jelly fish.
M2— <iuite milky. Very little jelly fish.
M3—More milky than M2. Very little jolly fish.
M4--Slightly milky—Much unchanged jelly fish.

20—Ml—
M2—Very slight milkiness in all.
M3—
M4—More milky than 1, 2, 3.
M5—Slightly milky.

Aug.

Aug.

Aug.

Aug.

21—Ml—cleared.
M2—
M3—Cleared.
M4—Milky.
M5—Slightly milky.
M6—Only slightly milky.

Aug. First traces of growth apparent.

Much unchanged Jelly fish.
22—By this date growth seemed well begun in Ml, M2, M3,

The weather during Aug. 20, 21, was cloudy
Aug.

M4.
and rainy and may aocounl for M5 and Mo appearing
less milky than previous cultures did in the same
length of time.

23—Growth quite marked in Ml to M4 in a descending
series with Ml as maximum.Aug.

No samples of these cultures were taken. Apparently the
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decomposition of Aurelia aurlte went on rapidly enough in Ml
in spite of the delay during the first two OP three days to
allow the growth to keep ahead of that which took place in the
later cultures. Verification could be made only by counting.
Culture N.

pate:--Aug. 10th.
Notation;—NI, N2, N3, N4.
-̂nantity of jelly fish:—Two grams left as vhole as

possible In each ouiture.
Position-»—All the Jars were placed in a pan on the roof

as follows: N1 in full cunlight; N2 covered with one 3heet of
paraffined writing paper which admitted 28# full sunlight, N3
covered with 4 shoots of paraffined paper admitting 8# full
sunlight and N4 covered with 3 sheets admitting only 1.4# full
sunlight.

The sheets were covered as evenly as possible on both
aides with paraffin and then placed about the Jars to meet and
nut overlap.
to prevent entrance of light from above.

The firnt four days, Aug. 18th to Aug. 23rd, were cloudy
and the milkiness although apparent v/na only slight.
24th N1 hud developed distinct signs of growth, N2 had developed
distinct signs of growth, N2 had noticeably charged but N3 and N4
were unchanged.
9th showed growth in all the
the bottom of the Jar.
was made the growth was quite definitely dinging to the bottom
and was more brownish in U2, N3 and N4 than In Nl.
much nrecipltate adherent to the side of Jar N4 ai though 3ome
light had entered where the sheets werê Joined about the jar.

shown by previous cultures full sunlight increases the
rate and volume of growth over that obtained in a shaded position.
The larger number of diatoms counted in the cultures on Oct. 10th
may be accounted for by the way in which the final samples were
taken.
bottom with a small cloth attached to a stick. N4 was latest to
develop and ns already observed, its appearance indicated entrance
of additional light, which would increase the amount of growth and
explain the high maximum reached by Sept. 11th.
however, in this culture is lésa than that obtained from Nl which
had full sunlight all the time.

Cotton batting was placed on the top 01' each Jar

By Aug.
Obsoivati ns rocordod for Sept. 4th and Sept.

cultures vfrich tended to cling to
By Oct. 10th when tnc last observation

There was

The precipitate was well stirred raid loosened from the

The total count,
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CULTURE N.

Jar Nitzschia NavloulaDate Other Genera Total

HI Aug. .35
Sept. 4
Sept. 14
Oct. 10

1720 32 69
N1 70 123 85N1 61 8 778
III 19 7 0 26

N2 Aug. 25
Sept. 4
Sept. 14
Oot. 10

5 165 8
112 7 0 125
IÏ2 1438 6 58
iJ2 27 6 0 33

N3 Aug. 25
Sept. 4— bruicen vial
Sept. 14
oct. 10

2 168 6
N3
ÎI3 00 4 4
113 40 2 464

2 14 22N4 6Aug. 25
Sept. 4
Sept . 14
Oot. 10

N4 7 165 4
N4 11 13 12197

19 10 10071N4

Note —All the nuiabers in this table except those for N 4, Aug. 25
v/ere obtained frjm one half the field of the counting cell.



17a

I

FIGURE VI.

Graphs shewing the growth of Culture N in 100>,
28$, and 8$ light intensity.
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Culture R

Date;—Au#. 20

Notation:—RI. R2, R3, R4, RD.
quantity of jelly fish:—RI—1.25 g. —1..512 g.R2— *•

R3—.09
R4—.002 g. —1 G4.
R5— control.

S- 4 «

POT it Ion B—All v/ere placed in the north window of the
labratory.

The purpose of this culture was to dot ermine the rate of
growth in lover concentrât iona of jelly fish than had been
previously tried.
very little mllkinoss no compared with the higher concentra-
tions was apparent and much loss than in the cult oros which
had been exposed to bright sunlight,
parent on Aug. 24 and va3 more marked in R1 and R 2 than R3 and
R4 which differed little from the control.

Daily observations recorded showed that

Growth was first ap-

TABLÜ 71I

It is evident from the counts that the growth in nil the
cultures differed very little from the control <x that the amount
of food received from such a small amount of disentagrating jelly
fish was too Email to oe of any importance.
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TotalNavieulaNltz3chia Other GeneraDatoJnr

10x2
15x2
13x2

ni Aug. 35
AJ£.25
Aug. 25
Aug. 25

1 6 4
R2 11 12
R3 20 11

14R4 0 10 4
7R5 *>5ii.ug. 25 0 (Jt

10x210 00ai Seut. 4
Sop it.4
Sept. 4
Sept.4
sept. 4

7 91 JLu2
7x2070R3
7x21üR4 0

12x221R5 y

13x20130Sont. 14
Sent. 14
Soot. 14
Sept. 14
Sent. 14

HI
9x21 80ns
5x2o1 2R3 *v

8x208H4 U 5x223R5

2x200 2Oct. 10
Oct. 10
Oct. 10

HI . 3x2030R4
3x200R5 3
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Culture S

Date:—Aug. 26

Not atlone:—SI. S2, S3, S4, S5.
quantity of jelly flah:— Two grams in each culture except

S5, the control.
Position:—All the jars were left for five days in a pan

on the roof in full sunlight and then removed to the north
window of the laboratory.
waxed paper on the exposed side; S3 with one layer of waxed
paper around the whole Jar; S4 with two layers around the whole
jar and SI and 35 left uncovered.

Light intensity:-
34,.65/® of full sunlight.
A yellowish deposit appeared in all but the control, and by Sept.
9th tended to adhere slightly to the bottom and sides of the Jars.
The last samples v/ere taken on Oot. 10th in the manner described
in Culture N.

S2 was wrapped with one layer of

-SI, 5$, 32, 1.4$, S3, 1.4$, approximately,

TABL3—CULTUR3 S

The results from counting the samples shewed less varia-
There was also a much smallertion than in the earlier cultures,

amount of growth than in Cultures H, J, and N, which were made on
the basis of the 3ame amount of Jelly fish.
cultures, however, all had higher light intensity than S2, S3
and 34.
to several days of cloudy and cooler weather, may explain \/hy
the exposure to full sunlight fur the first five days did not
produoe better results.

The above mentioned

The fact that this series was latest of all and subject
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TABL-Ü VIII CULTURIS S

Jar NitzsohiaDate Navioula Other Genera Total

3Sept.4
Sept.4
Sept. 4
Sept.4

OSI 0 3x2
S3 2 5 1 8x2
S4 O 139 40x2
35 0 5x23 2

SI 1 0Sept. 9
Sept. 9
Sept. 9
Sept. 9

6 7x2
82 1 1X20 0

12x2
10x2

S3 1 8 3
34 4 6 0

11x27 1SI Sept. 14
Sept. 14
Sept. 14
Sept. 14
Sept. 14

3
1 2x232 1 0

10 3X2S3 2
21x2151 5S4

1 1 8x2S5 6

5x2SI Oct. 10
Oct.10
Oot. 10
Oct. 10
Oct. 10

0 5 0
21x2
15x2
15x2

S2 17 4 0
7 2S3 6

45 6S4
3X200 335
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Potassium Nitrate Cultures

ün July 19th, three series of potassium nitrate cultures
were made to be run in comparison with cultures A,B,C,D and IS
made with Aurelia aurita. The nutritive nitrato solution A,
namely, 2 ÎÏT"KÏÏü3 TBU.1I grams in 100 oo. distilled water) re-

fan the Artificialcommended by Dr. K. J. Allen v/as used.
Culture of Marina Plankton Organisms"--Jour. Marine Bio. Assoc.
Vol. VIII—P.439). For convenience in making accurate measure-
ments the solution was diluted one half and made in the pro-
portion of 5.04 grans of KHO3 in 50 co. of distilled water and
8 co, 4 oc., 2 00., and loo. respectively placed in alitro of
fresh sea water, the proportions of 2 M. KNOx being one half
the above measurements per litre. From such litre, after being
well shaken, 250 00.was poured off and placed ina jnr. Three
oomplete series, I, II, and III, were made and numbered 1 to 5
in descending concentration.
a pan on the roof, Series I in full sunlight and Series II in
5# full sunlight,
of the laboratory.

Series I and II wore placed in

Series III wa3 placed in the north window

Growth in this series appeared very slow and of little
The familiar milkiness of the Jolly fish culturesvolume.

and the yellowish brown deposit appearing in about 5 days was
absent.
Series I but so little change v/as apparent that the whole series
was closed to mn:e room for Culture M.

By Aug.9th a slight brown colour had appeared in

TAB'LL IX

Only a few counts in these series were made, those which
appeared most significant from the reoorded observations being

They showed that the addition potassium nitrate alonechosen.
to natural sea-wntsr produced results far inferior to that
obtained from the addition of ûrelia aurita.
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TABLÎ IX POTASSIUM NITRATE CULTUIV.^S

TotalNavicula Other GeneraNitzsohiaJar Date

7x21July 29
July 29
Aug. 13
Aug. 13

0II 6
4x212 20 2
8x2II 0 8 0
6x212 1 5 0

7x27 0III-l July 29
III-2 July 29
III-l Aug. 6
III-2 Aug. 6
III-3 Aug. 6
II1-4 Aug. 6
III-5 Aug. 6

0
4x210 3
6x200 6
4x200 4
14x2
15x2

11 21
1140

2x4020
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SUMMARY AND CONCLUSIONS

1.—The addition of a small quantity of Aurelia aurlta to
natural sea-water stinulated the growth of diat ms present in
that water provided that the quantity used was not less than
about one-half per oent. by weight.
2.—The cultures made in the laboratory were unsuitable for
the continued growth of the genera of diatoms most abundant
in the water at that time but furnished favorable conditions
for the development of other forms, the most common being
N. closterlum and small species of Navicula.
3.—Full sunlight produced a more rapid and greater amount of
growth than lignt ihtensity of 28°& or less.
4.—The decomposition of the jelly fish took place most rapidly
in full sunlight as evidenced by the milkiness which was produced.
This, Dr. Allen, in his paper "On the Culture of the Plankton
Diatom Thalassisoira gravida Cleve". page 433, attributed to the
growth of bacteria,
aided by the products of metabolism of those bacteria or to the
presence of the organic matter of the jelly fish was not determined.
5.—The addition of nitrates alone to natural sea-water did not
produce results at all comparable with those obtained from the
addition of jelly fish.

Whether the growth of the diatoms was
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