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PREFACE.

The work embodied in these pages coumprises an
introductory survey of the marine bacﬁeria of the Clyde
érea. The wajor part of the work was carried out in
the ﬁepartment of Bbtany and Bacteriology, Royal Tech-
nical College, under the supervision of‘Professor D.
Ellis, D.Se.,Ph.D.,F.R.S.E., for whose guldance and
'encouragemenﬁ the writer wishes to express grateful
acknowledgments.

Thanks are aleo dus to the Scottish Marine
Biological Association for permitting the frequent use
of their boat the 'Nautilus'; to lr. Elmhirst, the
Superintendent of their laboratory at Millport for
readlily affording facilities for work there; to Mr.R.J.
Nairn,B.sc.,PH.C., for frequently deputising for the
writer in the collecting of samples and for preparing the

photographs on Plate 1; and to Dr.J.A.Cranston for much
helpful criticism and advice.
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INTRODUGCTION.

Mariﬁe bécteria have not in-the past occupled the
a.’ot-ent.ion of bé;cteriolo_gists to any considerable extent.
Tﬁigrﬁ;y gévbeééuse_the economle significance of the subject
hés not been appreciated, and thus no special technlque
evélved; Tt is notewnrthy that auwong the varlety of bac b
eriologicél héndbooks on the technique of waber-exaaninavlon,
none that has come to the writer's notlice gives consideration
to the speclal problems of marine bacteriology.

In the sea,,as'on land, one may expect the planktonic
bacterial population to consist largely of saprophgtes, and,
to a lesser extent, of prototrophlc forms. One of the most
aignifibant roles bacteria may play is in the nitrogen-cycle
in seawater. The normal terrestriél nacrophyte assimilates
its nitrogen as nitrate; and this holds good as far as is
known for most water-plants whether phanerogamic or crypto-
gamic, though some algae appear to be able so to utilise
ammonium compounds. Now both the littoral macrophytic
algae and the microphytic plankton are continuously using
up the nltrate in the sea , which is present in minimal
amounta and therefore acts as a limiting factor in the sumumer
geason. The sources from which the nitrate supply is replen-
ighed do not appear to have been adequately discussed in the
literaturet

Two obvious ones are land drainage and rain, but

the relative importance of these and their sufficlency are
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unknown. Nitroqen-fixing organisms, comparable %o those

which are symbiouts with the leguminosae on land, have been

reported, but e ol B R et to the nltmate

supply of the sea is also unknown.

The question of nitrogen fixatlion, nltrification »
#nd denitrification by bactarlal action in the sea 18 a matter
of some economlc importance, and, accordingly, this aspect of
marine bacteriology has been considered in the following
pages.

There 1s similarly a sulphur-cycle in the sea;
sulphate-reducing specles, and a number of marine organisms
storing sulphur as anabolyte within the cell are known.

The study 6f sulphur-bacteriag 1s a matter of some difficulty.
No method of making pure cultures of these has been estab-
lished beyond doubt, and physiologlcal work has therefore
to be done on natural samples possibly contaminated with
other organisms. Both sulphur and nitrogen bactseria are
grouped as prototrophic forms, but the latter and probably
the former, live also as ordinary saprophytes.

In the sea then,one'may look to find both proto-
1?I‘oph.‘l-«‘: and saprophytic forme as natural inhablitants, and
in thg neritic areas, i.e., those subject to terrestrial

influenee. will be found a cosmopolitan bacterial population

of varied origins. There we may meet with not only the true



3.

olles
marine denizens, but,soll forms washed down from land by
rivers, and intestinal forms resulting from the dralnage of

sewage into the sea. It aﬁé in such an area that the work

to be described has been done.

Historical. A ,

The first work on marine bacteria was chiefly
descrlptife. In 1889, Sanfelice described the bacteria of
the Gulf of Naples (33); in the same year, de Glaxa (17)
worked on pathogenic micro-organisms from aeawater, and
found experimentally that whereas pathogenlc forms flourished
in vitro in sterile seawater, they falled to llve long when
true marine bacteria were also present. Russel described
bacteria from the Gulf of Naples in 18982 (31), and from the
Atlantic in 1893 (33). B.Fischer gave numerical bacterial
analyses for the water samples collected on the German
Plankton Expedltion of 1889, and furthermore named and
- described the microscopic and cultural characteristics of a
number of organisms. Most of the specles were asshigned to
a new genus, Hallbacter, characterised by short rods,
frequently phosphorescent } 1t 1s difficult to recognise
any of these specles today, as the data given would be regard-
ed as insufficlent for the ldentiflcation of any form.

‘At the beginning of this century attention was
turned to the pPhysiology of marine bacteria. In 1001,

Schmidt-Neilsen worked on those specles which might affect

the curing of herring. More particularly was the part played
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by bacteria in the nitrogen-cycle studied; Baur (2) and

Gran (18) 1solated and described several species which under.
cqr#ain conditions reduce nitrogen compounds. Some years
later Keding (23) and Keutner (34) lsolated free nitrogen-
fixing species and also forms symblotlc with certaln algaa.‘
In 1910, Thomsen made a further contribution to the study of
nitrogen-bacteria in the sea (36). From 1911, Drew made
vaXhensive studles of nitrate reduction in tropical waters
and isolated one such denitrifying species (10,11,12,13).

The work of the last decade on marlne micro-organisms
has been largely concerned with nitrogen bacterla.Ibeatchenko
(21), Lipman (26,37) and Borkeley (4) have in reéent years
wbrked wlth mixed cultures, which gave conditlons approximat-
ing more to those of the sea. Their results do not conform
‘with one anotheff they are discussed under the appropiate

sectlon in the following pages.
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SECTION IT. CUANTITATIVE INVESTIGATIO?S,

For gqualitative work, samples were taken at varicus
parts of the Clyde at intervals: for the quantitative-work,
three stations were selected,'and samples takén from approximately
the same place, at regular intervals.

Statigns Selected.

The three stations selected for regular sampling were
as rollows: |

I. LCCH STRIVEN. This loch 18 notably free from
. steamer traffic, and the adjoining land is sparsely populated.
;t‘serves therefore to reprecent a gea area remérkably free
from industrial or human contamination in view of its close
proximity to land; See nw¥ on W5 .

2. LOCH LONG. Thornbank Station was selected for
regulgr saxpling. This station is noderatesly free from contam-
ination, but there zre greéter possibilities of influences from
the land manifesting themselves than in Loch Striven, since
there are habitations along the shores of the loch, and there
is 2 certain amount of boat traffic.

| 3. GREENOCK. Here the waters are egtuarine in
character, and highly polluted with sewage, industrial waste
from sugar refineries, and effluents generally, which are
brought down by the river Clyde. |

At the above stations, samples were taken each month.

g £ o ]
Samples of water and mud were also obtained from other areas,



Sampling.

In order to determine the vertical distribution
of bacteria at any one station, it was necessary to employ
a sampling apparatus with which it would be possible to
collect water at any desired depth without at the same time
collecting water from other depths when the apparatus was '
being hauled up. The Nansen water-bottle, and similar
closing water-bottles employed in marine work génerally
are unsuiltable for bacteriological purposes, since they are
made of metal, and most metals are known to have a marked
bactericidal effect (I0). A gecond objection to the use
of such a water-bottle is that the sample has to be siphoned
into sterile bottles, and,while this 1s being carried out on

deck, there 1is a posgsibility of contamination from organisms

like Pseudomonas liquefaciens.‘ A thig@ obJjection is that
1t 1s unwieldy to steﬁli;gi;} ;ziently between the taking
of ezeh samples.

Several bacteriologicak water-samplers have been
descrilbed; a sampling apparatus similar to thét described
by Birge (7) and Wilson (37) was selected for use.

It conéists of a sampling tube and,tube-holder.
~The tube is an ordinary combustion tube I5 em. x 3 cm.,
fitted with a one-holed cork from which projects a glass
tube bent at right angles. The end is drawn out and sealed

at a roint about I2 cm. from the bend. The glass parts are

sterilised in the usual way in a hot-air oven for 50 minutes



at 160° ¢; and the rubber corks in a Koch steriliser. The
parts are then fitted together, and again sterilised by
steam for half-an-hour. |
The tube-holder consists of an iron sinker, with
a clamp for the sampling-tube. At the top of the sinker is
. Y wilaeln
a projecting lever arm, at whose free endl}s a small brass
breaking pin. When the tube is in position, the tip of
the inlet tube lies immediately above the breaking pin.
The apparatus was sent down on a Kelvin sounding wire worked
from a hand winch fitted with a depth-recorder indicating
fathoms. When the tube reached the required depth a brass
messenger was sent -down the lowering wire; this operated the
lever arm, thus bréaking the tip of the capillary tube.
The‘above apparatus was originally described by
Wilson, and has been used by Birge for limnological work in
shallow waters. The sampling tubes were evacuated. OSee BT
| For the work described in the following pages, it
was not found necessary to evacuate all the tubes intended

Tor gampling. £t ¢ cepth of § fathome, & tube filled with-

would he hslf thst of the tube; at gresater depths, the

¢

erure caused proportlionally greater filling of

the tube. Surface-sampling tubes were evacuated to a
pressure of 3D to &7 .uz., and made airtight>with paraffin
wax, This zpparatus was used for depths down to 62

fathoms; 1its zdvantages lay chiefly in its simplicity, the
extreme rapidity with which a series of samples could be



taken at any one station, and the fact that the same tube
served both for taking the sampls, and for transporting it
to land. If used for greater depths, the tube must be
provided with a well fitting cofk to prevent it from being
forced inwards, or else the inletiarm and tube must be blown
in one pilece; the latter type'Wa&“ used by Drew for sampling
~at depths of about 70 fathoms.

During prelim;nary'triéls at depths greater than
50 fathoms, the cork was displaced 4 times out of 6, but in
the course of this investlgation, the greatest normal working
depth was 40 fathoms, and only two tubes were broken out of
about I30 samples taken.

While the sampler is being hauled up, the tip is
of course open, and it might be thousht that the sample
would undergo admixture with water from the upper layers
through vhich it is passing. = However, as the apparatus 1s
being raiged, the pressure ih the tube 1s being continuomsly
reduced and the compressed air is flowing out of the tube at
ﬁhe narrow orifice, thus preventing any admixture of water.

For quantitative work, a series of samples Wéfe
taken from the surface waters, and at intervals of IO fathoms
Lo the bottom; the gampling tubes were sealed off in the

flame, and packed in sterilised cotton wool for transit

ashore,



Trangport of Samples.

Two of the most significant factors in making
totzl counts opracterial content of water are the tlime
Which elapses between the taking of the sample and 1its
examination in the laboratory, and the temperature at which
the sample is kept during éuch an interval. It was found
that when samples were transported in a padded box, the
temperature of the water on arriving at the laboratory was
not raised more than 29 C., so that multiplicaﬁion of the
bacteria contalned in the sample would not be appreclably
hastened by a2 rise in temperéture.

The samples were taken at: the same time of day,

Mm’wo'wm
and the same time interval elapsedz'for ‘the different hauls

‘at any one station, as follows:

Time of Sampling. Time of Inoculaging.
Loch Striven. IQ.BO-I.Ovp.m. 5.0 p.m.
 Loch Long. 1.0 p.m. '5.30-6.0 p.m.
Greenock, ’ 4.0 p.nm. | 5.30-6.0 p.m.

Laboratory Technique.

The procedure recommended by the American Society
of Bacteriologists (I) for the standard examination of
water-samples was adopted asg far as possible for routine
work, but the regular bacteriological examination of geawater

does not appear to have called for attention previously, and
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certain aspects evoked the use of gpeclal media and speclal
methods.

The following routine medla were employed (see
Appendik): Standard Agar(Medium A); Standard Gelatine
(Medium E); Conradi-Drigalski Agar (Medium F); McConkey Agar
(Medium 0O); litmus-lactose-broth. The three lagl -
served for the detectlion of sewagé contamination: the two
o Firsl ror ordinary ocuantitative work.

For each sample, the following were plated in the
usual way with varying amounts of inoculum as under :-

Agar: T.0 cc., I.0 cc.(duplicate), 0.5 cec., 0.I cec.,
uninoculated control.

_Gelatine: the same as agar.

Conrad: I.0 cec.

McConkey: I.0 cc.

The two last  were incubated at 37® C. and counted at the

end of 24 hours for possible coliform and typhold organisms,

but these of course were not included in the routine numerical

work. The agar and gelatine plates were incubated in dark

containers at room temperature, and counted with the naked

eye at the fifth day, by which time the number of colonies

was fairly constant.

It will be noted that 1.0 cc. serves as the standard
unit for inoculation, even for the Greenock area where the
bacterial content is relatively high. For Greenock, the

dilution-method was tried experimentally, but the greater
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eage with which the colonies could be counted by this means
did not compensate for the further margin of error introduced.
For a similar reason, the writer did not adopt the sector-
method of plate counting; instead; the whole plate was
counted, the disédvéntage being in the tedium of counting
when the number of colonies exceeds 200.

The American Society of Bacteriologisté recommends
that,in order to avoid factitious accuracy, approximate
numbers be given as under:-

I-50 recérdeit as found.

51 - IO recorded to the nearest 5.

" I0I - 250 recorded to the nearest IO.

251 - 500 recorded to the nearest 25.

50I - IO00 recorded to the nearest S5O.

Slnce, however, eight plates were made from each sample,
and an average made from the figures so obﬁained, this

brocedure was not adopted.
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RESULTS.

Loch Striven.

This is the type area, since it 1s one remarkably
free from land contamination. The number of bacteria per
¢.c. was low compared with the numbers'obtained for other
stations in the Clyde area. Among those organisms present,
thé_greater number appear to be moderately inactlive water or

-go1l forms. McConkey plates gave low values, and lactose
broth tubes usually gave negatlve results: these wereE%Wo
routine methods employed for detection of coliform species

in the samples-.examined.

The numerical results obtained from the monthlj
samplings are given in Table I. From the total volume of
water-sample plated out (usually 5.2 cc.), the average
number of bacteria per cc. is estimated for each sample.
These averages are given in the lést column, and are used
for the graphs in Figs. I and 2. In Filg.I, the bacterial
content is plotted against time for the depths taken:-
surface, IO fathoms, 20 fathoms, 30 fathoms, and bottom.

'The bottom sample was taken well above the underlying mud,
and varied from 37 to 40 fathoms, as the sideé of the ldch
are steeply sloping. The following conclusions are drawn
from the results noted.

Vertical variation.

I. The number of surface bacteria is greater than that



‘TABLE 1 LOCH 'STRIVEN.

i S LAt s e ot S S ot R e ey e gy
—

No. of bacteria present, determined by colony counts
of plate cultures incubated & days at room temperatfure.

Depth. Agar Cultures. Gelatine Cultures. |Total, | Average

1.0 1.0 0.5 0.1lc¢e./1.0 1.6 0,5 0.1 per c.c.
18/5/28.
‘Surface.| 28 34 31 38 2% - - - 155 43
10 fath.| .8 47 1 1 17 - - - 74 20
20 fath.| 4 4 0 0 2 ¢ - - 11 3
30 fath.| 6 2 0 1 10 = - - 19 5
Bottom. 1 3 1 0 2 - - - 7 2
15/6/28.
Surface. 8 3 0 - 2 11 - - 26 5
10 fath.| 5 3 8 - 10 13 8 - 43 8
20 fath.| 1 2 9) - 4 8 6 - 21 4
30 fath.| O© 0 0 - 8 7 5 = 18 2
Bottom. 2 2 2 - 13 11 3 - 33 6
24/8/28.
‘Surface.| 42 30 23 13 2@ 3 7 a | 204 39
10 fath.| 31 42 1 1 1 g 4 3 94 18
20 fath.| 9 9 3 1 a 11 1 5 51 10
30 fath.| 15 21 18 0 g 12 1 4 7 17
Bottom. | 20 18 4 4 19 22 29 7 | 121 23 -
5/10/28.
Surface.| 15 24 2 0 21 17 7 1 a7 17
{10 fath.| 4 8 g 0 7 9 2. 0 33 8
20 fath,| 9 8 - - 3 2 - - 22 £
30 fath. © 0 2 0 2 0 0 0 4 1
Bottonm. 0 1 0 2 2 3 1 0 ] 2
2/11/28.
‘Surface.| 73 118 683 23 113 185 89 47 | 711 136
10 fath.] 9 18 8 1 11 5 3 1 54 10
20 fath.| 1 8 3 0 4 4 0 0 20 4
30 fath.] & 2 1 1 2 3 0 0| 18 3
Bottom. |- 3 3 5 0 4 4 2 0 26 5




TABLE I. (contd.)

1/12/28.
‘Surface.| 27 29 5 0 a3 27 12 1 134 - 26
10 fath.{ I1 1 3 0 15 12 5 1 48 9
20 fath,| 3 8 1 0 3 1 1 1 18 3
X fath.| 2 2 0 0 0 3 0 0 7 1
_Bottom. 4 7 2 0 0 1 4 0 18 3
18/1/%9.
‘Surface.| 17 21 4 2 90 81 12 1 228 44
10 fath.| 2 8 4 1 10 13 7 0 45 9
20 fath.| 3 g 3 0 2 7 1 1 22 4
30 fath.| 6 8 7 0 0 7 0 0 26 g
_Bottom. 7 8 1 3 2 5 1 0 25 5
15/2/29.
-‘Surface.|117 - 159 22 15 109 181 41 8 629 120
10 fath.| 40 42 20 3 29 9 8 4 153 29
20 fath.| °12 15 8 2 0 1 13 11 76 15
.30 fath.| B 7 5 3 6 11 2 0 42 - .8
_Bottonm. 5 9 1 1 10 3 3 0 32 6
7/3/29;
Surface.| 24 1 - - = - - - 25 12
10 fath.| 10 7 - - - - - - 17 8
20 fath.| 12 12 - - - - - 25 | 12
30 fath.| 7 7 - - - - - 14 7
Bottom. 7 1C - - - - - - 17 3
SUMMARY of TABLES T, II, and TII, -LOCH "STRTVEN.
Depth. Total no. of bacteria counted. -Average per c.c.
Surface. 4865 3C
10 fathoms. 825 15
20 fathoms. 453 .8
30 fathons. v 361 7
Bottom, 417 ' 8
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ofvwa@er at. cther levels.

2. The number of surface bacteria 1s subject to a wider
range of variation than the numbers at other levels,
which are comparatively constant.. |

3. From 10 fathoms downwards, the number of bacterlia
does ﬁot exceed 30 pef cc. at any season.

4, The number of bacteria from Loch Striven bottom samplés
13 less than that‘of the waters at higher levels.

The higher number ofvsﬁrfaoe bacteris 1s to be attrib-
uted to the fact that any circumstances tending to contam-
inate fhe waters of the loch affect the surface waters first.
In general, lower waters become affected only if there 1is
a considerable amount of shore detritus of-orgaﬁic nature,
guch ag bracken leaves, or detached fucl; this accumulates
at the bottom and serves as food for bacterial and other
saprophytes. In Loch Striven, however, the paucity of
bacteria abvove the nud-bottom servegto indicate that there
18 comparatively little accumulation of organic matter at
the bottom of the loch.

Seagonal variation.

Since sampling for cuantitative work waé carried out
over the greatef part of the year, any seasonal variation
in the number of bacteria would make itself evident.

1. From a study of Fig. 1, it is seen that the bécteria
- show an erratic distribution through time, and that

this cannot be correlated with any factor varying



TABLE II.

LOCH 'STRIVEN,

‘Winter Series. 19/12/28-20/12/28.

-
Depth. lp.m.|4 p.}7 pom.|0p.n.}1.2.m.{4 .2a.m, |7 a.m, |10 .a.m.
‘Surface. 79 131 | 493 123 | 106 97 45 53
123 172" | 560 123 | 181 181 33 75
(Average) | 101 | 151 | 526 | 117 [ 104 | 139 41 64
10 fath. 43 1 23 19 9 10 8 19
18 27 29 18 13 9 9 16
(Average) | 30 14 26 18 | 11 9 8 17
20 fath. 13 19 17 11 12 4 9 8
. 10 22 21 18 9 12 7 -
(Average) | 11 20 19 14 10 8 8 8
30 fath, 9 13, 12 11 11 8 2 2
1 10 g 14 & 11 12 10
(Average)| 5 11 10 14 3 3 7 8
Bottom. 9. 3 15 1: - 5 1% 4
o 3 13 13 11 2C 2 | 38 2
(Aveérage) 5 1¢ 16 12 <G & 8 2
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seasonally.

2. As vpreviously stated, the surface bacteria vary fron time
to time over a wide range. BSuch fluctations may be due to
SFOradi& factors, for example, the sudden increase of bacteria
in November coincides with the arrival of herring in the loch
and the conseguent winter activities of herring fishing.

3. It is interesting to note that the August values are high
for each lavel; this is the season when ﬁhytoplankton is at
its minimal midsummer development. Whether these are inter-
dependent, or whether both result from other causative

factors, has not been determined.

Diurnal Variation.

The figures given in Table 1 were obtained from
samples taken at-different dates, but always at about the
same time of day. In order to determine what diurnal variatiom,
if any, took place'in the course of the day, samples were
~taken in vertical series at 3-hour intervals over a period 5
of 24 hours.

The conditions of plating differed from those of
the monthly samples. Plat;ng was done on the boat immediate-
ly after sampling; from .each sample two agar plateslwere made,
using 1.0 cc. as inoculum. Gelatine was not employed, its
lower solidifying point rendering it less suitable than agar
for work on a moving boat. |

Two such 24-hours series were made. The results

are given in Tables 11 and ITI, and summarised in Flgs., 3

v and 4,



‘TABLE .III. LOCH 'STRIVEN.,

Siring ‘Series. 7/3/29 - 8/3/29.

-
Depth. Noon |3 p.m. 6 p.m. |9 p.m. |[Midnt.|{3.a.m.|6.a.m. |9 a.m.
‘Surface. 24 14 24 18 12 22 14 7
1 10 21 17 26 29 17 16

(Average) 12 12 22 17 18 26 15 11

10 fath. 10 20 11 22 29 5 22 23
7 3 33 23 31 57 19 12

(Average) 8 11 22 28 30 | a1 20 17

20 fath. 12 12 11 13 16 10 17 12
13 11 13 15 12 20 22 9

(Average) 12 11 12 14 14 15 19 10

30 fath. 7 2 10 S 32 17 6
7 7 8 11 11 3z 17 9

(Averags) 7 5 3 T 1C 24 17 7

. Bottom. 7 8 7 13 21 14 11 4
10 15 9 | .15 10 9 18 6

(Average) 8 12 8 15 15 12 14 5
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Winter Series, Dec. 13/20, 19323,

The.following results were obgserved: -
1. The genersl vertical distribution over the 24-hour
period agrees with that of the monthly samplings, i.e.,
there 1s a progreseive decrease in the number of bacteria
from the surfszce to the bottom, and the surface samrles show
a widsr range in ocuantitative variation.
2. It was noted that at any given depth the numbers were
higher 2t night, with & gradual dscresse from 7.0 p.m. till
the early hours of the morning.
3. With increasing depth, the maximum 1is delayed to a
later hour, but the differsnce is only slight at 30 and 40
fathomsg.
4, The gurface numbers are unusqally high: this may be
correlated with the fact that the herring fishing was still
in progress.

Spring Series, Varch 7/8, 1229,

L serlss of samples similar to the above wasg taken
in the spring sesson. From an examination of Table ITI,
Flg. 4 wezs constructed, and the following conclusions drswn: -
1. The number of curface bhacteris ié unusually low., This
may be due to the low temperatures then prevailing, or to

the fact that some weeks earlier the herring fishin

£ haa
ceased.,

2. The gencral tsndsncv st all water-levels is for ths

nurbers to increase Juriang the night hours, with s maximun



TABLE V. LOCH LONG.

—————— oy oo eiats s ————— ———— ———

No. of bacteria present, determined by colony.counts
of plate cultures .incubated 5 days .at room temperature.

Depth. Agar Cultures. Gelatine :Cultures, | Total. | .Average
1.0 1.0 0.5 O.lce.| 1.0 1.0 0.8 0.1 per c.c.
23/5/28.
‘Surface. | 39 37 8 - 40 -~ 18 - 142 26
10 fath, {157 216 143 - 184 - 76 - 776 194
20 fath. 1 0 1 - 2 - 3 - 8 2
Bottom. 3 7 2 - 0 ¥ 1 - 13 23
22/6/28. |
Surface. | 39 10 0 - 53 48 37 - 187 37
10 fath. | 21 10 2 - 40 18 14 - 105 21
20 fath. 5 7 0 - 9 8 4 - 21 8
Bottom. 1 ¢ 1 - 8 6 6 - 22 4
27/8/28.
Surface., | 35 49 0 4 10 0 1 3 102 20
10 fath. | 18 8 1 1 11 15 0 3 53 10
20 fath. 0 1 0 C 1 4 1 0 7 1
Bottom, 1 2 C 1 4 1 4 2 22 4
21/9/28.
Surface, | 38 70 a2 3 123 39 .83 E 449 386
10 fath. Q 7 5 1 23 20 4 3 72 14
20 fath. 9 11 3 3 1 12 o) 11 56 11
‘Bottom. 19 11 4 1 34 19 11 1} 100 19
12/10/28.
Surface, | 3° 46 33 1 41 43 -3 51 211 40
10 fath. 1 3 3 1 7 4 0 0 19 4
20 fath. 1 5 1 C 2 3 4 0] 18 3
Bottom., |28 59 3 0 1 1 0 0 82 18
16/11/28.
Surface,. 1129 107 51 S 50 42 14 12 411 79
10 ‘fath. | 20 21 7 8 19 17 2 0 92 18
20 fath. | 3 13 4 1 0 2 5 1 29 6
Bottom. | 27 24 15 2 12 10 1 1 92 18




TABLE IV. (contd.)

17/12/28
‘Surface. 90 |21 8 o 29 15 7 11 181 35
- 10 fath. 17 3 2 ol 12} 11§ 12 1 58 11
20 fath. 11 513 1 2i 19 18 8 1 73 || 14
Bottonm. 5 11 1 1| 17 4 0 0 .39 8
25/1/29. P
‘Surface. 3 ;3 0 0 0: 4 1 1 12 2
10 fath. 1 . 0 1 0 5, 2 1 0 10 2
20 fath, 3 | 2 0 0 3 2 2 0 17 3
Rottom. 6 1 2 3 1 5 2 1 0 25 5
22/2/29. :
‘Surface. || 81 :32 | 41} 30| 23} 30 3 4 254 48
10 fath. 7 2 0 0 1 0 0 0 10 2
20 fath. 13 12 2 6 2 9 C 0 44 8
Bottom. 17 124 4 14 231 19 1 0 39 17
1/3/29.
Surface. 7 24 ) 4 2 3 C o 45 9
10 fath. 3 1 7 1 1 C C 0 13 2
20 fath. 15} 4 1 C o) ¢ 2 1 27 5]
Bottom. 10 ] 4 2 1 > 1 1 43 3

‘SUMMARY of "TABLE IV, -LOCH ‘LONG,

T=§;5§pth.

Total no. of bacteria counted.

.Average per c.c.

Surface.

10 fathom.
20 fatthom.

Bottom.

1740
1198
264
448

39
a7

6
10
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2t 3 a.mn. in all bwut the bottom samsvles.

Lleg, e ncte

Jomparing these two seriss ol sscxo

b

~

Tiretly 2 differcenc

)
bl
Y

d

- in the number of surfacs bacteriz;

this is probaebly dus to the presence of herring in tha loch

-

on the First occasion., The sscond differsnce 1s tr

[
6]

ol the period of maximal development from the evening hours
to the early mornins hours. It 1z prossible that this may
be due to the effect of veryines daylight, since the first

- samples werz taken near the period of the Winter Solstice,
‘and the second towards the Spring EcuinoX.

Comparing thsse reculte with other guantitaive
date, we find that Fiecher (15) notes that ths number of
bacteria at sunrise is higher than in the afternoon; ana
Bertel (6) finds thst there is s night-time increase in the
number of suriface bacteris, thé high numbers persisting till
the early hours of the morning. 3ertel also finds that the
humber of bacteria increages progressively with depth; it
ghould be stated, howsver, that he worked off the coast of
Monaco during the summer mpnths, where insolation is more
intense, and where the bactericidzal effect of sunlight is

therefore more marked then in these latitudes.

LOCH LONG.

Y dondd At this station, verticzl distribution of bacteria
. Cptedas :

is high1§ comherabhle to that of Loch Striven. The numerical
results are given in Table IV, and the averages shown in

Figs, 5 ang

(0)



1.

The bacterial content is in general higher than
tﬁat of Loch Striven, a fzet to be connscted with its greater
beat traffic, and conseouent greater liasbility to contamina-
tion.

Hefe agein there is little evidence of geasonal
variation; Fig. 5 shows the surface numbers to vary widely
and apparently erratically, but the samples teken at other
levels show & midsummer minimum with an autumnal increzse,
followed by low numbers in the months of January and February.

4 comparison of Fig. & (Loch Long) with Fig. 2
(Loch Striven) shows that , wnereas in the Iatter the number
of bottom bacteria is low, in the former there is in most
cages an incresse in the numbsr of bacteris from the bottom
samples (32 fathome) as compared with those taken at 20
fathome.

It will be noted that very few bzcteria were pregent
in the January samples when ths temperature was so low that
the waters at the head of the adjoining loch were firozen.
This seems to bear out the stztement widely made that marine
bacteria (and water bacteria geherally) are sensitive to
{ “ s\

changes in temperature.

\,

A noteworthy feature is that the May samples chowed
& much higher bacterial content at 10 fathoms than at the
surface: this apvears to be an exceptiohal case, and one for
whiph no svitable explanation 1s at hand, unlese we have

rPepard to the fact th a2t the numbsr of colif@rm orgsnisms



TABLE V. GREENOCK.

Np. pf bacteria present, determined by colony counts
of plate cultures incubated 5 days at room temperature.

Depth. Agar Cultures, Gelatine Cultures.| Total. |:Average
1.0 1.0 Q,5 0,111.0 1.0 0.5 0.1 per c.c.
8/6/28.
Surface. {103 189 - 51409 281 -~ 1 968 230
10 fath. | 71 13 =~ o 77 &80 - 0 211 50
Bottom. 12 40 - 10| 58 72 - 1 191 45
28/8/28,
Surface. |123 .80 6 28|11 71 31 83 521 100
10 fath, 8 17 3 6138 93 25 34 274 52
Bottom. |[1523 861 8 51113 &1 385 17 441 85
22/9/28.
Surface. | 274 502 197 112 {637 531 345 149 2747 530
10 fath, | 682 28 11 21102 73 12 2 297 57
Bottom, 36 48 83 31110 143 72 51 533 10
12/10/28.
Surface. {544 476 207 20 | 341 181 132 103 2084 400
10 fath. 71 112 38 18 29 41 &7 20 442 85
Bottom. 51 107 28 11 13 23 12 8 282 50
16/11/28.
Surface. | 208 217 120 49 | 27C 223 181 =2 1242 287
1C fath. 39 20 24 2] 2 22 12 2 173 33
Botton. 38 21 31 21 44 47 18 4 213 41
17/12/28.
Surface. [121 70 51 12 | 328 121 43 21 781 150
10 fath. 87 51 21 & 47 41 23 4 2692 g
Bottom. [113 70 & ol 7 29 12 11 387 71
25/1/29.
Surface. | 49 43 38 51 .38 139 29 1 393, 75
10 fath. 69 118 89 12| 83 130 39 13 521 1Cc0
Bottom, 18 17 4 0 8 11 8 0 84 12




TABLE V. .(contd.)
22/2/29. :
Surface.{ 401 317 81 35| 177 210 23 7 1261 243
10 fath, 79 91 40 91 154 115 70 0 558 130
Bottom. 94 61 24 10f .81 207 73 9 559 130
1/3/29.
Surface. 76 201 1353 1{ 8 331 71 41 1033 198
10 fath. 38 119 132 28 18 17 101 24 480 92
Bottom. 101 91 28 21 30 27 91 141 511 ‘08
‘SUMMARY of'mABLE V. GREENOCK.
.fDepth. Total no, of bacteria counted. :Average per c.c.
Surface. 10162 240
10 fethom. 2014 72
Botton, 2640 71
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obtained on McConkey plates on that dete was spezially high,
and three out of four lactose~.broth cultures showel goe

f’*r o ’ &J‘f Ty

evolution.

GREENOCK.

In this area the samples were taken at the deepest
part of the estuary. These waters are much polluted with
sewage and industrial waste. 'However, a certain amount of
self-purification will tske plsce between the shore-line znd
mid-channel. It is stated, for instance (25), that pathogenic
micro~prganisms 4dc not live long in seawater; if then there
1s & high mortality among such orgenisms between the point
of discharge on the shore-line and mid-channel, then the latter
will have a much lower bacterial content than the polluted
waters bordering the shofe-line.

1. The number of bacteria here %g considerably higher than
in the lochs (see Table V, Figs.7 and 8), and coliform
organisms are sometimes 28 much as 50% of the total number.
2. No regular ssasonal variation was found.

3« The number of surface bacteria ;§“high, and varies over
a wide range.

4. There is a dscreass at 10 fathoms, and an increase

agaliln at the bottom.

CUMBRAE DEEP. (Off Arran. See Map.)

Ordinarily, samples were not taken at depths

greater than 40 fathoms, but here a depth of 62 fathoms is




‘TABLE VI. .CUMBRAE DEEP,

1/9/28.
Depth. .Agar Cultures, |[Gelatine Cultures.| Total.|Average
1,0 cc.0:5 cc.0.31] 1.p 0.5 0.1 per c.c.
Surface, 204 58 22t 193 103 29 607 100
10 fathom. 11 10 1 6 0 0 28 9
20 fathom. 40 5 3 - 1 0 49 23
30 fathom. 20 5 2 2 0 1 30 9
40 fathom. 6 3 0 3 1 0 13 4
50 fathom. 11 1 0 3 0 0 15 5
62 f.(bottom 21 13 0 - 0 0 34 16




TABLE VII.

=

Quantitative bacterial analyses of littoral surface samples taken .in
the Fucus zone, :CRAN BIGHT, outside the Millport Marine Biological

‘Station.

T l
Date of ‘Sample. 3 iAgar -Cultures. Total :Average
1.0 ¢cc 1.0cc 0.1 ce 0.01cc JperAc.c.
31/3/28. C | 442 457 91 0 990 470
2/4/28. oo o 181 227 408 .3000
3/4/28. | 238 104 101 8 451 | 210
4/4/28. . 201 - 15 5 221 220
5/4/28. | 130 - 44 0 174 170
6/4/28. ;521 479 71 1 1072 550
7/4/28. 89 198 21 0 308 150
8/4/28. 514 .347 66 - 927 440
9/4/28. 193 8s 10 10 298 140
10/4/28. 503 200 - - 703 as50
11/4/28. ;371 368 - - 737 370
|

Approximate mean average no. of bacteria per c.c.
% 500.

TARLE VITI.

e et e et e e e, s o o

Cuantitative bacterial analyses of surface samplaes btaken from an
‘Enteromorpha pool outside the Millport Marine Biological Station.

0.1 cc 0.1cec 0.01cc 0.01cc E
3Y/3/28. | 494 593 581 27 1175 5 5300
2/4/28. ;731 448 59 73 1311 ; 6000
3/4/28, i 728 568 81 35 1412 | 6400
4/4/28. i 331 473 51 92 1997 | 4600
5/4/28. i 640 341 49 50 1080 | 4900
6/4/28. | 760 451 60 81 1352 | 6100
7/4/28. I 331 307 52 70 760 . 3500
8/4/28. {800 438 60 23 1371 6200
9/4/28. 411 571 21 82 1085 . 4900
10/4/28, [ 566 498 20 27 1111 5000
11/4/28, i 470 403 21 72 986 | 4400

{ i

tpproximate mean average = 4700
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to pbe found. One serieg of samplesg was taken. An examin-
ation of Table VI shows the verticael diskribution to be in

general agreement with that of the lochs.

MILLPORT,

For purposes of comparison, Tables VII and VIII
are appehded, showing the bacterial content of the suriace
waters at the intertidal zone, and in a high water rock-podl
respectively.

In both cases the numbers are very much higher than
that of open water: thils serves as an indication of the
congestion of living organisms to be found in the narrow
intertidal zone. Although, however, there was a larger
number of individual bacteria, most of tnem coula be classged
as one of four or five very common species, and the total
number of different species was less in number than that
found in the open water.

Descriptive accounts of the différent species

will be found in the following section.
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117, MORPHOLOGY AND OULTURAL _CHARACTERISTICS
OF SOME MARIN® MICRO-ORGANISHE.

. This work does not exgend beyond the neritlic zone,
that 1s, the sea area bordering the land and gubject there-~
fore %o land influences. Among the bacteria, as among other
forms of 1ife in this zone, there may be.not only true
marine specles, but also stray organlisms from the rivers
and the land} the persistence of such species in the sea
depends largely on thelr adaptability to salinity and
marine condltions generally.

Soll organisms, When a vegetative bacterlial eell

18 washed from the land by way of rivers into the sea, it
sufferérzvchange in salinity of the surrounding medium. A
sudden change would cause plasmolysis, but if any specles
Can accommodate 1tself to the new conditions, then, other
things being favorable, it would be able to establish i%gelf
in a marine habitat.

It 18 noteworthy that most of the undoubted soil
organisme found in the Clyde sea area were spore-forming
8pecies; 1t is possible therefore that these do not 1live
in the sea in a Vegetative condition , but that their sporas
are present in seawater. Such soll organlsms were found

less frequently in the seawater itself +than in the mud of
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the sea bottom, where spores might remain in a resting
condition over a long period

o _ The following viabllity teet was carriad out to
detqrmine the resistance to ssa water of an ordinary soll
organism in both the vegetative and the sporing state.

~ An agar-slope was 1lnoculated with Baclllus

mesatherium and incubated at 32°C. Simllar slopes were made
at intervals of 12 hours for three days, and the serles
examingd micpoacpp;ca;ly for spores, From each culture a
suspension of the Qrganism was prepared in sterile sea water.
At thg t;me intervals given below, the suspensions were well
shakep and a loopful from each plated out on agar. After
two days' incubation at 3@ C the' plates were examined for

colonies of B, megatherium. The results are given below:-

| Culture No:- I II III v { V VI | VII

Age of Culture:- ihr.| 18hrs. 30| 42 | 564 | 66 | 78

Period of auspension| '
12 hours g g g g g g g
24 " - S - g g | & 3
36 " - g - - g | g g
48 " - _ - - g | 8 g
4 days - - - - g | 8 g
8 " _ -1 - | 8 | 8 g
18 " - | - - - g | & 8

Spores present:- -] (o) 0 few |8sp. [8P. |8pP.

&= growth of B.megatherium} _ = no srowth} sp. =spores
.. » present,
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- A control experiment carried out by making suspensions in
stgrilewtgg.watgr and plating out in the same manner, gave
poslitive reaults.

7 From the above it may be eoncluded that vesetative
cells of B, mmeggtherium do not live longer than 36 hours

in;pure”cu;pu:e in sea water. It slhould be noted however,
that 1tgrvlab111ty under natural conditions may be different,
In’thq Bea other“factora intervene, as for example the
presence of othgr miero-organisme which may fgvour or.

inhibit the growth of any one species.

Mggine Orsanisms. In a sea area such as the Clyde
' of
it is a matter,some difficulty to decide which of its
Qqnetituent organisms are truly natilve, and which are tempor-
ary inhabltants brought from the land, the river, or the
estuarine zone., As far as they could be identified with

Ruvovovy

known spacies,Lsoil organisms were present in comparatively
Bmgll numbers in the sea water 1teelf.On one exceptional

occaslon a large number of Actinomyces colonles were obtalned

from a surface sauple in Loch Long. At Greenock the high
bacterial content of the water is 4uaz In great measure to the
Coliform organisms present as a result of sewage contamination,

end to Pseudomonas fluorescens(B.fluorescens liguefaciens).

In pure waters, notably those of Loch Striven, this
organism 1s not of frequent occurrence, but whenever a great

lnerease in the number of bacteris was @bserved, the dominant

®Pecles was Ps. fluorescens. Samples taken at ten fathoms in
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Loch Long in May 1028, and surface samples taken in Loch
Strivén in Novembé;‘éf that year showed = high bacterial
content which was largely due to the presence of this organilsm.
It does not appear to be a trge free-floating water specles,
but it occurs commonly ag a saprophyte on dead fish, boat
decks?wgecayipg algae{ and will nultiply in water only when

there 18 an increase in the ofganic content. This was found

to be of practical use, since Ps. fluorescens could thus
serve as an indicator of the amount of organic matter present,
in much the same manner as E. coli is used as an indlicator of

sewage pollution,

Apart from these specles, there exist in the
water organisms which are not normelly found in other habitats.
Many of these are readlly killed and do not grow on ordinary
culture media. If a water sampls is centrifuged a number of
forms are found, especially spirilla, which cannot be lsolated
on plate cultures in the usual wey. The hardler specles
can however be 1solated and thelr cultural and physiological
characteristice worked out in the usual way.

It has not been found possible to identify all
the forms 1solated with known speciles, but as far as possible
the unkmown organisms have been assigned to a genus and class-
1f1ed near any specles which appeared to be closely related.
The classification of Bergey(3) has been adopted.

For each organism so treated, the chief

Dorphologlcal, cultural and physiological characteristics
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are given below, With the exception of one organism, character-
ised by a distinctive blackening on agar, these marine species
h_gve all been ‘assigned to the following genera:-
Fgmily Coccacease: Genus Micrococcus, H
Fgmily Sptr;llgceae: Vibrio.
Famlly Chromobacteriaceae: Serratla.

Flavobacterium.

Achromobacter,

Famlily Bacillaceae.‘ Bacillus (sensu strictu ).

Genus Micrococcus. Under this genus Bergey includes those forms

which are normally spherical and which form aggregates of cells.
Cells are rarely motile, and never form spores. Three of the
marine species isolated from Clyde waters have been assigned to
this genus.

1. Micrococcus sp. ( laboratory type No. XVII )e

Numerical diagnosis: U 3031-53119-1111.(Soclety of Amerlcan
Bacteriologists).

Morphology. Cells spherical, diameter 0.8 to Q’OV’ adhering .
to one another in loose and irregular masses of two to twenty
individuals. The smaller cells form clusters, while the
larger cells occur singly. When mounted 1n tap water they
ﬁsslutinate very readily. Cell division may take place in

any plane, but it rarely happens that more than two successwe
d;viaionn take place in the same plane} as a result, one

rarely finds in this organism chailne of more than 4 cells.
See Plate III, fig. © ). Capsules, spores and zoogloeae
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are absent, and thef‘only varlation dleplayed by the cells
1s a varlation in size. Ihe orgaenism is Gram-negative,
Aggr;élbé . Growth moderate, slightly raised, glistening,
surface finely wrinkled and margin denticulate. Colour varles
from a very faint pink to a very faint yellow, but spart from
the colour varlatlons, the cultural characteristics on agar
grq}conatant. 7

Ager colonies.Growth as for agar slopes, the colonles attaining
a diameter up to eight mm. after seven days at 23" C. Colonies
are lrregular in outline, with a flat denticulate margin
surrounding the central rugose zone. Figs. 6 and 7, Pl. III
show two gugh“cglonies. The centre of old colonles freduently
bgcomesrraieed and radially wrinkled.

Gelatine stab. Growth 1s best at the top, with only a falntly
vigible filiform 5rowth along the line of puncture. The
surfﬁce of the stab resembles an agar colony, until slow
liquefaction sets in, and the colony sinks slightly lnto the
medium. A ten-day culture incubated at 22° C shows a saccate
liquefaction to a depth of four mm.

Gelatine colonies show the same characterlstice as the surface
growth of a gelatine stab. On ordinary meat-extract gelatine
the rate of liquefaction is slow, but takes place more rapldly
on a fiah-extract gelatine ( see Medlum b, Appendix 1 ).
Nutrient Broth. hduid becomes slightly turbid at first, and
at ten days at 29°C a thick white or faintly pink pellicle
develops on the durface; this is finely wrinkled like the
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surface of the agar colonles. From the fact that gelating
stabs and broth cultures show the best growth at the surface,
it may be concluded that this organism is strongly aerobic,

Litmus Milk. ‘Acid and an acid curd occur after three weeks

at 18 C; the curd is homogeneous without included gas bubbles.
Susaf reactions. Acid and gas are produced in two days from
dextrose, saccharose, maltose and galactose; and in three days

from,lactosq. Mannite is not fermented.

Cpromdgeneeis. A faint pink colour ig visible on most medla,
varying to yellow on agar. On potato and glycerine-potato
the coloration is not more marked, though growth is good on
both media.

gggxoné'yater. Thies medium alone does not favour growth of
thia organidm 1f no other nutrient substance 1s present. A
small amount of ammonia 1s produced from peptone, but no
indol and no hydrogen sulphide.

Denitrifying properties. This specles of Mlcrococcus under

normal cultural conditions grows best as an aerobe, but in
the presence of a nitrate it flourishes under conditions of
low oxygen eupﬁiy, and reduces the nitrate with production
of gas. P1, III. figs. 4 and 5 show gas bubbles developed

In the lqwer part of a nitrate gelatine stab, while 1nvthe
upper part ordinary aerobig growth is in progress.,
Qccurrence. This organism has been found frequently in water
samples at all depths from the lochs and the open part of the

Clyde estuary. It has never been found in tha Greenock
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samples,lnor in water collected from the shore-line and from
rock pools at Millport. |

Affinities. This organlsm ig readlly classed as a member of
Bergey's genus Micrococcus; but it cannot be completely
identifigd with any of the species described by him, a8 there
is not totgl agreement in worphological, cultural and physlo-

logical characteristics.

2. Micrpcoccus 89. Laboratory type No. XIV.

Numarical diaimosis: U 3031-527219-1121.
Aaother gpecles of Micrococcus 1solated from the waters of the
two lochs reseables the precaeding type fairly closely, except
in tha following »ointe:-
AgZar colonies. These do not attain a diameter of wore than Juu,
They are trensparent, and develop a pink or opal colour, but
no varieties showing = yellow colouration mave Deen observed in
thies specles. A concentric seriss of wrinkles 1s developed
around the periphery of old colonies} the centre does not become
ralsed and radially wrinkled, but remains transparent even in
0ld cultures.

Gelatine stab. There is no liguefactlon, and no growth deeper

than 5 mm. after 5 days' incubation at 18" C.

Potato cultures show no growth.

Nitrates are reduced to nitrites, but no gas is formed.
Sugar reactlons.Acid but no gas 1s formed from lactose.
Peptone weter. Nitrites are formed fron peptona.
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3. Micrococcug_pg. Laboratory type No. XXX.

_Numerical diagnosis:_U 3032-51130-1111.
Mogghoiqu.“Cells>sphqrical, diameter 0,5 to 1.5, forming
;gregular magses of from two to seven individual cells. These
are non-motile and Gram-negative, and never form chains of
cells like thg two preqeding specles,

Asar‘s;gggz Growth on agar 1s white and hard, of a greyish-
yellow colour, After about 12 days the centre becomes raised
and assumes a chalky colour and consistency. The margin is
entire and the surface smooth and shining in the early stages.
Agar colonles. These are circimsular in outline, dome-shaped,
greyish in the early stages and chalky white later as on the
slope cultures. The colonies are very rigid and appear to
sink into the agar medium, although there is no liguefaction.
Gelatine stab. This organism is a strict aerobe, and growth
therefore takes place at the surface only. Liqufaction does

not take placse.

Gelatine colonles. These resemble agar colonies.

Nutrient Broth. Medium becomes slightly turbid, with no form-

ation of surface pellicle. A thick white sediment accumulates
at the bottom of the tube after 5 days at 18° C.
Litmus mllk.Acid is produced, but there 1s no reduction of the

litnus, no@ ¢oagulation or peptonisation of the milk.

Sugar reactions. Acid and gas is produced in three days from

lextrosae, lactose, saccharose and mennite, but not from
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mgltose or galactose.

&hromquneéig is not found in this organism, Potato cultures

show poor growth; greylsh white in colour.

Peptqné water. Ammonls and nitrites are produced from peptone}

no indol nor hydrogen sulphide are formed.
Nitrates are not reduced.

Optimum temperature. 32 C.

Occurrence. Greenock estuarine water and Millport rock pools.
Affinities.There does not appear to be in the llterature a
description of a Micrococcus characterised by such colonles
as are formed by this organlamﬁ'physiologically, it resembles
the preceding ?ype, the chlef difference being in ilts sugar

regctions and the fact that 1t does not attack nitrates.

Famlly Spirillaceae: Genus Vibr;o.
1. Vibrio sp. Laboratory type No. XVIII.

Bergey includes in this genus elongated curved
Cells, non-sporing, usually motile and dividing by tranaverse
fission. Cells are short, bent rods which are rigid in shape,
eand may occur singly or in short chains. Typically these are
Gram-negative water forms.

Morphology of Type XVIII. U5002-57130-2333,

Small, slender rods measuring 0.5 to a.gh in length

and 0.2 t0 0.5 in breadth. These are slightly curved and
generally occur singly, though pairs of cells are frequently

found in young broth cultures. Cell-contents are very densely

granular,
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Agg#’cblohies. Circular, greyish white colonies attain a dlameter
of about 2mm., after 5 days' incubation at 32 C. These are trans-
p_aren‘tf, glhightly ralsed ab&ve the surface of the medium,

with an entire margin and a smooth and shining surface. Sub-
surface colonies do not develop well, but remaln as small
clgarAshining‘dqts in the agar.

Agar slope. Growth on thls is as for the above. The line of

inoculation is vislble as a clear transparent zZone.

Gelatine’Stab.Aﬁfiliform growth marks the line of the stab; tﬁe
organlsm is a facultatlve anaerobe but grows best In the

Upper and more oxygenated layers of the medium. Liquefaction

of the gelatine takes place with rapidity.

Gelatine colonies.On gelatine plates the mediuum 1s liquefied

even more rapidly than in a stab culture} at 5 days the
colonles lle in spreading saucer%shaped depressions filled
with a clear liquid and free from sediment,

Nutrient Broth.Growth is marked by a clouding of the medium.

There 1s no surface pellicle and no bottom sediment,

Litmus Milk., No reaction.

Sugar reactions. In the followlng sugars tried, there was

no production of acid or gas in 14 days:- dextrose, lactose,
saccharose, inulin, mannite, maltose and galactose.
QEZQEQEQQQQQQ. No colour production was observed in the
ordipary routine medias tried: no growth was found on potato.

Peptone water. Nitrites,-hydrogen sulphlde~and ammonia are
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not formed from peptonej Indol 1s found after 8 days' incub-
ation at 32° C. N : . B
Nitrates are not reduced in the presence of peptonse.

Gptimqﬁ temperature.3y C.

Occurrence.This organism occurs freguently in all surface
samples from the open waters of the Clyde} it does not appear
to thrive in the water of the Greenock area.

Affinities. This species appears to be related to Vibrio

comma (Koch) and Vibrio strictus iKutscher), but it cannot

&
be identifled completely with either of thesse, asLdiffers

in some four or five cultural and physiological characteristics.

Family Chromobacteriaceae.

In thlis famlily are included, according to the
classification of Bergey, rod-shaped cells without endospores
producing a red, yellow, violet, green or blue pigment on
80l1d media, Most of the marine forms 1solated belong to this
group, or to the following family, the Achromobactereas.

1. Serratim. This genus includes those forms which produce
a red or pink pigment on solid media.
Serratia sp. Laboratory type No, VI,
Numerical dlagnosis: U 5302-5219-1111.

Three varieties have baeen distingulshed, differing
chlefly in their cultural characteristics; such differences

have remained constant after long sub-culturing, so they
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appear to be distinct.

Variety (2).

Morphology. Cells smsll rods, 2. in length and 0.5. in breadth,
occurring singly and in pairs, but rarely in long chalns.

Young cultures are actively motile} flagellatlon was ncﬁ obs
served. The organism 1s Gram-negatlive, |

Agar slope. Growth 1s slow on ordinary agar, but proceeds

more rapldly on a medium to which a carbohydrate has been added.
Mannite agar favqpra grqwth and pigmentation., The line of
lnocglafiqn“on this medium 1s vliglible after two days as a
ralsed end shining viscid meses, with an entire margiln and
a.smooth contour. There 18 a fetid smell, more pronounced

when the culture is incubated at a temperature of 37°C.

Atva high temperature, the slqpe is of = creamy yellow colour,
but incubation at rocom temperature gives a growth of a shell
pink.colour ( see P1. IV, fig. 2 }.

Agar colonigs.These are circular, ralsed, smooth and shining,

with & regular outline and an entire margin. Sub-surface
colonies are smaller and often lenticular in shape; they
are usually of a lighter colour,

Gelatine stab. Growth takes place along the whole line of the

stab, but is best marked at the surface, where slow funnel-
shaped liquefaction,from above downwards, occurs. A slight

pink colour 1s developed.
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Gelatiné colonies. Slow downward llquefaction occurs, with

productiqn of a light pink colour,

Potato g;ppé. Growth abundant, creanmy an@nviscid, The culture

is at first white, but if incubated at temperatures below 23" C
the‘charactaristic pink colour is developed.

Nutrient Broth. A pink surface pellicle is formed in two weeks

at 22° C; the medium becomes turbid, and a brown sediment collects
at the bottom of the tube.

Litgu§”M11k. In 0ld cultures a homogeneous acid curd is formed.

Sugar reactiong. Gas and acid.am:produced from dextrose, lactose
sacchafose} mannite, maltose and galactose are not fermented

in 21 days at 18°C.

Bi_le salt agar. No growth.

Peptone water. Ammonia is formed from peptone, but no indol,

no nitrite and no hydrogen sulphlde,

Nitrates are reduced to nitrites in the presence of peptone,

Occurrence. This organism occurs in surface sauples from all
the areas studied. It is found more frequently ih estuarine
and littoral samples, so possibly it is not a true native of
8ea water.

ffinities. The type specles in the genus Serratia is

s.marceecqng ('B.prodigiosus). The organism now belng described
diffegs from §. marcescens in the following points:-
It liquefies gelatine only slowly, has smaller colonies on agar,

and produces acid and gas in lactose and sucrose as well as in
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dextrose:' Qf tpavspecies enumerated by Eergey, it appears to

be wost nearly related to S. mineacea.

Vafiéﬁz'(b). This differed from variety (a) in the following

pbiqts:-"

égar ddiqniég do not excead a dlameter of 1 mmé they are compact

with an entire margln and a hard, dqll surface. In colour they
are a deep red. This variety grows more slowly than the preceding.

Mannite agar slopes ghow a deep red growth. ( PL.IV. fig. 3).

Sugaf‘reactions. Gas 1s produced in dextrose, and acld but no
gas 1n sucrose and lactose.

Oggufrénée. Asvfor the ppeceding variety.

Variety (c).Numerical dlagnésis: U 5302- 52120- 1823,

This resembles variety (b) in 81l volnte except pigmentation.
?his white fqrm is found far more frequeﬁﬁly than the pligment~-
producing varleties. Such chrdmogenic organisms are known to
vary greatly in their pigment-production and a difference in
cdlour 1s not sufflelent evidénce for separating two varietles
unless the difference under all conditions is constant. Here
the non-chromogenic form cannot be induced to form colour: :
guder ordinary cultural conditions} i1t appears therefore to be
a distinct variety. »

Qgéﬁ:gggggi This organism has been found in most of the

water Samples-examined; and appears to be one of the most

common forms, particularly in surface waters and in shore

samples,



Genus Flavobacterium.

~ In this Bergey includes aeroblc rods which
gpg“ipdiffeygnt'to_9arb6hydratas, aanyh1qh forn a yellow or
orange plgment on solld media. They grglusually Gram-negatlive,
and may be moti;e‘or'pon-mpti}e. Th;s>genus coneglsts of specles
which»are typically watef_or soilborganisms.

1. Flavobacterlum gp. Laboratory type No. XYVIII.
mm—— -

Numerical diagnosis: U 5301-52115-1313.
MQggholqgi.émall,broad”rods;imeasuring 1.0 by i.4M, occurring
siﬁgly ané'in pairs. Cells appear clear and no plasmatic
granuleg are distinguishable. In a young broth the cells are
actively motile, but the method of attachment of flagella, 1f
any; was not observed. Agar cultures and gelatine cultures
ppgduced nonégppile 1nq1viduals. The‘organism le Gram-negative.
.Agaf-el§2'. érdwth is abundant, spreading and molst. Young
cgltures have a smooth and shiniﬁg surface, but after a few
days they become wrinkled and folded, and of a yellow colour.
(P}. V. fig.wa I. Minute 1r§§ularltles on the surface are
élgg devgloped énd the growth becomes dull, with a brittle
consistency when broken with a needle. There 1s little growth

in the condensation water at the bottom of the tube.

Aﬁé? Gdlbﬁiés{ Qolonies develop best on the aurface; sub-surface
colonies are small in size and dle off very readily. The

surface colonies grow rgpidly, attalning a dlameter of 4 to
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10 mm. in’5 davs at 1§’C. They are dircular, with entire nmnargin
éé seen under_a 1ens:fAA;higher magnification shows the margin
*fq pa f}nely crenate ;n_an oldrcqlony._gogng-cultures have a
smooth and shiping'surface,wbupugfter>some days concentric

fqlds develqb ground the peripherj,_and tha centre becomes
réised. §etweeg these ,radlating wrinkles may arlse, and the
co;qnyMQAj’prpeent.anwappggrancg as is shown in Plate V. fig.5.
Thesg are usually of a pronounced yellow colour, but atypical
ﬁh@te colonies with these chavaqtefistic markings sometimes

oqqurrin pure cultures of this form._

growth, but this 1s best developed at the top. Liquefaction

ig naplform, and takes place only slowly. The liqukd so formed
ig a 1igh@er yellow than the gelatine medium itself.

Gélatine coloﬁiéé. As for the gelatine stab; 11duefaction
takes pléce slovly. The colonies do not show the characteristic

markings of the agar’colonies.

Nutrient_deth. The medium becomes clouded and flocculi occur

throughout the liquid. There 1s also a white bottom sediment
andﬁgld cultures show a'surface pellicle which 1s white and

wrinkled.

?étéidjélépéQ Growth is good on this medium; it is more
abundant thon on an agar culture of the same age, 1s of a dark
Y?}loﬁ-ﬁrown colour, and becomes thrown into fieshy folds.

Litmus Milk. The top of the medium becomes alkaline, while the
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bottom becomes acld and an acld curd is developed after 4 weeks.

‘ Suggr react}ghs:_In peppone water or in broth with an added
sqgar_abundaﬁt”gréwph 18 induced, but there 1s little evidencs
of fermqntation. Maltose 1s fermented with gas production in
2 days and lactose in 7 days at 18°C. Neither acid nor gas is
fopqu from dextrose,uéaccharose; mannite or galactosa.

dhfqmogehe9§é. Under most cultural conditions a yellow or brown

pigment ie formed. It has already been noted that white colonies
sometlmes occur on égar; but in general even at a comparatively

h;gh incubation temperature, the yellow colour is produced.

Peptqge water.Nitrites anﬂ armenia are formed from peptone,
bqt geitﬁer indol nor hy@rogen su;phide. are formed.
N;t?ates are rgduced to nitrites and gas in the presence of
pgptone. This specles is an active denitrifier, but does so
more rapid;yMtg mixed with other micro-organisms than ' in

purg culture.

Qﬁti@&m_tempefatufe. z0° ¢,

Qﬁgﬁffénéa. Ip sea water samples at all depthsuindividuals of
this species have been found. It appears to be & true water
form; as 1t 1is rare in Greenock,‘but 1s present in alwmost

qll the water samples taken from Loch Striven and lLoch Long.
Afi!glﬁigé{iThis organism falls réadily into the genus
Flgvobacteriﬁm;rbut 1t does not agree in cultural or physiolog-

lcal characteristics with any of the specles described in the
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1iterature. It is markedly different from those specles

enumerated by Bergey.

2. Flavobacterium 8p. Lgboratory type No. XXI.
| Numerical diagnosle: U 5301-52115-1311.

This 1s similar to the preceding form except in the following
polnte:-

Aggrrédiohiéé. These have the characteristle concentric folds,

but radial wrlnkles do not develop. The margin is entire,
smooth, 1rridescent and transparent,

Gelatine liquefaction This takes place more rapidly than in

the former.

§ugar:féactidﬁé; Gas 1s produced from saccharose as well as

from meltose and lactose,

%. Flavobacterium sp; Laboratory type No. XXII,.

Numerical diagnosis: U 5302-52038-1111.

Mogpholdgx. Non-motile rods measuring O.%m by 1.§w, occurring
singly or occasiqﬁally in pairs. Gram-negatiye.

Aggfwslbﬁ-. Growth moderapé, beaded, convex and very much
wrinkled so that the surface of the culture may be raised

Qome millimetres above the agar. The growth 1s smooth and
shining in the young state,'with an entire marglin and an
orange-pink colour. In old cultures the medium becomés
br?wn. '

.Aégg;gglgg;gg. These have the same characteristics as the agar

slope, the colonies attaining a dlameter of gmm. after 2 days'
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incubation at 1§ C. They are irregular in shape, and have a
roised and much corrugated surface.

Gelatine stab. Growthnis best developed at the upper part

of the stab, though a filiform gréwth is found along the whole
line of the puncture; the organism 1s thus a facultative anaer-

obe. There is no liduefaction,

Gelatine colonlies.These are small, pink and circular. Sub-
surface colonles are of s lighter colour.

Nutrient Broth. Medium becomes clouded, with formation of

a thin membranous pellicle on the surface. Orange flocculi
occur throughout the broth of an old culturs.

Potato slope. Growth moderate, orange-pink.

Litmue M11k. No reaction.

Sﬁgaf”féadﬂioﬁs. Gas and acld are produced from dextrose,

lactose and sacchzrose, but not from wmannite, galactose or

mgltose.

Peptone watef. Ammonia 1s forumed from peptone, but no indol,
hy@rqgen sqlphide or nitrite. ’

Chrdﬁégenesig{  AlJcultures of this organism showed some
co;gur”rang;ng from pink to orange.

Nitrates are not reduced.

Qgééﬁééﬁéﬁ. Found in Loch Striven water 1n surface, 10 fathonm

and 20 fathom samplesi Tt has not been found in bottom samples.
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Affinittes., This organism resembles F.aurantiscum (Frankland)

exéept that it is non-motile and that agar colonles are raised
and irregular in shane and sive.

4. Flavobacterium sp. Laboratory type No. XXIII.

Numerical diagnosis- U 5302-52116-2111.
_ gphologx Small rods, 1. QM by 1-%w ; motile, and Gram-negative.

Agar colonies.Orange yellow, shining, smooth circulsr, with

a dlameter of 2 mm; after 5 days' incubation at 18’ C.. Young
co}oniég are transparent and spreading} older colonies are
opaque a.nd somewhat raised.

éggr'élogé. Growth resembles agar colonies} g viscld orange
mass develops in the condensation water at the foot of the
tube,

Gélatine coloniegf As agar colonles, except that slow liquefaction

of the medium takes placs.

Gelatine stab. Ligquefaction funnel- sh&ped with a faint growth

along the 1ine of punctursa.

Nutrient Broth. Medium becomes clouded, with formatlon of a

yellow se&iment. There is no surface pelliclad.
Pdtatb"siop'} Growth moderate; of a deep orangse colour.
Litmus Milk. No reaction.

Sugar reactions. Acid and gas are produced in dextrose, lactose

and saccharose} there is no fermentation in mannite, maltose,

or galactose.

Peptone water. ammonla and nitrites are formed from peptone,

but no indol or hydrogen sulphide is~ formed.
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Nitrates are reduced to nitrites and ammonia in the presence

of peptone.

Optimum temperature. 22°C.

d#curféﬁde. Found in éﬁall numbers in water from %The lochs,
and‘ffqm‘rockﬁpools;_but not in estuarine polluted water.
Affinitles. This speclies may be identical with F.caudatum
(Wright). The maln differences are that the latter may occur

in palre and in chains; that litmus milk ie slightly reduced,

and that starch ir digested.

5. Eiavdbégtéridm sp. Laboratory type No. II.

. Numerical diagnosis: U 5302-51126-1111.

Md“éhoiong'émall mopiie rodé, megsuring_ Q.gw by 1-9w to 1.§u.
?hgsg}occur s;ngly, and have somewhat square ends. Cells
appear clear and are Gram-negative.

shining and slightly ralsed above the surface of the medium.
§h9?9 1s nqnspreading beyond the actual line of inoculation.

A viscld orange sediment is formed in the condensatlon water
-at the foot of the tube. In old cultures the medium is often
qolqurgd“a deep brown. -

Agar colonles. These are slow in development, and do not attain
a dlameter of more than imm. after 5 days' incubation at 23°C.
Coloniss are circular, with the same general characteristics

as on an agar slope. /See P1. VI, fig. 3 J.

Gelatine éﬁab.-Growthbtakes plaée»along the whole line of
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the stab, and slow liquefaction proceeds from the surface down-
wards in the manner shown in P1. VI. fig, 1. The liquid in the
funnel-shaped zone of liquefaction.ie a bright orange colour.

Gaiat;né coloﬁiés} As for agar colonieé, except that they sink

intg the medium as it becomes llquefied.

Nutrient Broth. The broth becomes slightly clouded, and a
bromm sediment ié formed at the bottom of the tube. There is

no surface pellicle.

Potato slope. Growth good, of an orange-brown colour.

Litmus if1lk, No reaction.

Sﬁgaf"féaCtﬁohé. ‘Gas and acid are produced in 24 hours from
dextrose; sacchau»r'ose’,~ mannite, maltose and galactosé, and in

3 dayg_from lactdse at 18°C. ;t thus is exceptlional in that

it ferments the comuon éﬁgars feadily} the genus Flavobacteriunm
1s chargcterised in general by feeble powers of carbohydrate
fermentation.

Peptone water. Ammonia and nitrites are produced from peptone,
but nelther indol nor hydrogen sulphide is formed,

Ni@féﬁeé are reduced to nitrites in the presence of peptone.

Qﬁﬁiﬁ@mfﬁéﬂﬁéfﬁture. 18°C.

dddurféﬁdé. Found fredﬁently in samples taken at a depth of
20 fathous in Loch Long and Loch Striven.
éffiﬁfﬁiéé.Thié.speéies does not agree closely in both
cultqral_and morphological characteristics with any of the
non-sporing rods producing an orange plgment. It is therefore

Classified as & previously unknown member of the genus Flavo-
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bacterium,
- | These filve species are the most comuon members of
this genus found in the water éampleé studled. A number of othér
forms were encountered frdm time to time, but it was found im-
possible to work out even the general characterietics of the
large nqmber of apparently different specles. The principal
forms §re theserdescribed in this portion of the work.

Genus Aéﬁfdﬁoﬁaétef. B

7 In this genus Bergey includes non-sporing rods,
gotile or non-mbtile, G;am-neéapive; not forming'pigment on
sgar or gelgtiﬁe, They”are ch1qf1y water or soll organiems,
1. édhfomobé@ﬁefvéé. _ ﬁébdfatorg‘tgpe¢NoL .

| Numerical diagnosis: U 5333-53210-3101.
Moggholdgz. qus measﬁriné'd;ég.by 1.9w, occurring singly and
in pairs.They are non-motile and Gram-negative. |
Asar‘slop . A white smooth growth, raised and shining, with an
entire margin is formed on agar. 014 cultures are opaque, but
a 24-hour culture 1s translucent,
Agaz_nnlnnihg Growth rapld, the colonies attaining a dlameter
of 5 mm. after 3 daysaf incubatlion at 18° C. Colonies are circular
witﬁ”an”enpire ﬁapgip and a smooth raiéeq surface. Sub-surface
colonies assume a lenticular shape and are frequently of
a dark cream colour.
gglé&lﬁ!_é&éﬁ. Growth takes place along the whole line of the
stab but there is no liquefaction, and the greatest development

i1s at the surface.
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Gelatine coloniesu Growth is as on égar.

Nutrient Broth. The medium becomes slightly clouded, and a

gurface péllicle.develops, with pendent floccull ppreading from
;t dqwnwards through the medium. There is no sediment in a
sugar-free broth; 1f a sugar is added, & viscid white sediment
ig”fo?mgd. -

Pd&atd'sldpe. Growth moderate, white in colour.

Litmuévmiik. Acid 1s formed in 10 days at 18°C ; there is no
cur¢‘and no peptonisation. B |

Sugar reactions. Acld and gas are produced in dextrose,

saqcharoée and galactose; there is no fermentation of lactose,
mannite or maltose. In a mannite-broth the medium becomes
slkeline. |

Pépﬁohe'ﬁétéf. Ammonig and a small amount of gas are produced

from peptone, but no indol, no nitrite, no hydrogen sulphide.
Ni}fates are reduceduto ammonia, nitrites and gas. This takes
Plecs very rapidly; as gas formetion 1ls evident in 3 days.
This organism is probably largely responsible for any nitrate-
redqqtion thet may occur in the waters of the Clyde areau
OCEurfénce. This 1s the commonest organism of general
dlstribution in the Clyde area. It 1s to be found in most
samples taken at all depths, thoﬁgh it 1s more frequent in

surface and bottom samples than in water taken from interumedlate

depths,

Affinities. This organism resembles A. ubiquitum ( Jordan);
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the only differences beilng that the latter has agar colonles
with an entire to irregular margin, that it coagulates milk,
and that although nitrates are reduced to nitrites there 1la

no gas formatlion.

2. Achromobacter sp. Laboratory type No. VII.
' Numerical disgnosis: U 5332-52210-2101.
preceding sﬁecies.

Agar colonles, These attain a diameter of 2 mm. after 5 days'

incubation at 92°c, and vary in colour fréﬁ pure white to

cream or lightwﬁrbwn. Sub-surface colonies are frequently lent-
icular in shape; .

Occurrence. This organism 1s especially common in wmost samples
and 1s next in order of freéuency to the preceding specles,
w@ich 1t resembles. It 1s particularly abundant in water samples
taken from the shore-line and from rock-pocls.

Afflditie». The appeérance of agar cultures of this organism

18 markedly different from .. - the last-named species, but
other cultural and physiological characteristics are similar.
Qqe mgrphological or cultural character does not suffice to
separate one'organism from a closely related form, so that
possibly this second species of thé genus Achromobacter is
5;@P1Y a variety of the first. The differences in appearance
were cgnstant, and the distributlon of the two organlsmsdoes

not exactly coincide, ( See P1, VII ).
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It resembles Achromobacter venosum ( Vaughan ), except

that ihe latter does not reduce nitrates;

3, Agﬁfqmobadter}g?. Laboratory type No., III.
" Numerical dlagnosis: U 5033-51230-2333.
Morphology.Small oval diplobacilli, measuring 0.8 by 1,0 microns.

They are non-motlle and Gram-negative.

Agar‘slop . Growth scant, filiform, flat and transparent. The
margin of the cultlre 1s finely serrate, and the surface
smooth and glistening.

Agar colonies. The organism does not grow on ordinary standard

agap;vbut glves éomewhat better results on fish agar. ( See
Medium C, Appendix 1 ). Colonies are small, attalning a
diameter of 0,5 to i.d mm, They appear as clear glistening

transparent drdps.

Gélatiné étéb, The organism is a strict asrobe, for growth
takes place at the surface of the stab on}y. There is no
liqgefaction._

Géléﬂiﬁé'cblonies. As for agar colonles.

Nutrient Broth. Medium shows a slight clouding, wlth no surface

pellicle and no bottom sediment.

Potato slope. No growth.

Litmus Milk. No reaction.

Sugar reactions. Acid is formed in dextrose, but there 1is
no fermentation of saccharose, lactose, mannite, maltose or

Balactose,
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Peptons water. The organism does not grow well in this

medium} it produées)from peptone ammonia, but no indol, no
nitrite, and no hydrogen sulphide.

Nitrates are not reduced to nitrites.

ggtimum tempeféturé. 18°C.

Occurfence.?ound in bottom samples and at other depths, but
not in surface samples. The organism occurs frequently, but
in ama;l npmbers, It grows with difficulty on ordinary
culture media, so it is possible that the laboratory records
of its freduency, made from agar and gelatine plates, do

not represent its actual frequency in the sea.

Affinitiss. Bergey includes fifty specles in his genus

Flavobacterium, but this form does not resemble any among

this number, although 1t falls readily into the group.

4. Achroumobacter sp. Laboratory type No. IV,
Numerical diagnosis: U 5012-51230-2133.

Morphology. Motile rods, measuring 1.0 by 1.0 to t.5 mlcrons,
occurring singly and occaslonally in pairs. In old cultures

the cells freéuently divided without increasing thelr size
much between each cell-division} this resulted in the presaence
of Very much smaller rods measuring 0.4 by 0.8 microns.

The cells are Gram-negative.

Agar slope. A transparent filiform line of growth is formed,
but development takes place at a very slow rate and the culturs

dies off very readily.



48 .

Agar cultures. Colonles on an agar plate are small, transparent,
colourless and slightly ralsed. A young colony 1s dome-shaped
smooth and shining} at 8 days a colony usually has a central
opaque do@ and a serles of concentric markings around the peri-

phery.

Gelatine stab. The organism 1ls a strict aerobe, and does not
grow below the surface in a stab culture. There is no lique-

faction.

Ge}afiné'ddloniés. As on agar.

thrienﬁ”Bfofh. The medium becomes somewhat cloudy, but there

1s no groﬁth at the surface or sediment at the bottom.

Litmus Milk. Growth takes place, but there 1s no reaction with

elther the milk or the indicator.

Fermentations. Gas is produced in dextrose after 3 days at 18°C;

growth but no fermentatlon takes place with lactose, sacchaross,
mannite, maltose or galactose.

Peptone water.Ammonia is formed from peptone.

Nitrates are reduced to nitries in the presence of peptone.
Occurrénce.Found in mud samples and in bottom samples, but

not in surface samples.

Affinitles, This species resembles A. guttatum ( Zimuwerman );
the only points of difference being that the latter gives

& yellowlsh growth on potato and does not reduce nitrates.
8. Achromobacter sp. Laboratory type No. VIII.
Numerical disgnosis: U 5333-52210-2101.
Morphology.Small non-motile rodé measuring 1.0 by 1.5 mlcrons.
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The cells are usually assoclated in palrs, and are Gram-negativa.
Agar slope.Growth abundant, spreading, with an undulating

margin and lrregular shining surface. Sediment in the condens-
ation water at the foot of the tube is white and slimy.

'Agar colonies. These are large and under favourable conditions,

as é.g., when: there are not many colonies on any one plate,
they may attain a dlameter of 15 mm, The edge of the colony is
deeply lobate and the surface raised and undulating. ( See

Pl1, VIII, figs 4 and 5 ).

leatine coloniegs. As agar colonles, except that growth 1s not

80 luxurliant and the margin is frequently entire.

Gelatine stab. Growth takes place along the whole of the line

of puncture} there 1s no liquefaction,
Potato slope. A creamy white fleshy growth similar to that on
agar is formed. ‘

Nutrient Broth. The medium becomes very turbid, with a slimy

grey sedlment at the bottom of the tube, and a thin greyish
Pellicle on the surface.

Litmus Milk. @cid is formed, but not in sufficient amount to
form a curd.

Sugar reactions. Acid and gas are formed in dextrose, saccharose,
and galactose; there 1s no fermentation in lactose, mannite

Or maltose,

Feptone water. Ammonia #s formed, but no indol.

EEEEQEEQ are reduced to nitrites and Amﬁonia in the presence

of peptone.
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Oceurrenca. In mud samples from loch Striven and from the

firth opposiie Largs.

Affinities. This organiem closely resembles Typs No. VII.
“except for its cultural characteristics (lsee Pl. VII ahd

" P1l, VIII )} it may therefore be classed near Achromobactler

venosum ( Vaughan ), although it differs in some of its
physlological reactions.

Genus Bacillusg.{ sensu strictu ).

7 ) This genus includes .-sporing saprophytlc
aqrqbic rods which may be motile or non-motile. They generally
liguefy gelatine and often grow in long chains, forming
rhizoid colonlies. The rod is not swollen at sporulation. ( Bergey ).
1. Baclllus sp. Laboratory type No. XXXV.

Numerical disgnosis: U 58C1-52218-2131.

Morphology. Rods measuring 0,8 to 1.0 by 3.0 to 4.0 microns.

Thege usually occur singly. Spores central and rounded { P1. IX ).
Cells are Gram-positive, and contaln densely granular cytoplasm.
Agar slope. Growth abundant, membranous becoming fleshy. In

0ld cultures the surface is thrown into deep folds of a dark
‘' brown colour with a smooth and shining appearance.

Agar colonies. These attain a diameter of 7 mm. in 7 days at

18° ¢, They are circular with an irregular margin and =

fleshy surface growth thrown into radial foldd as shown in

the photographs on P1. IX. The centre is much raised.
Gelatine stab. The surface growth is abundant, but little

OF No growth takes place in the lower part of the tube, and
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there 1s no liguefaction.

Gelatine colonies. These resemble agar colonles, or sometimes

show no surface corrugations.

Nutrient Broth. The medium becomes turbid, with formation of

a sqrface fiim but no bottom deposit.

Potatoﬂg1gp§; Gowd growth occurs on this medium, resembling
that on agar.

Litmus Milk.Acid 4s formed in 6 days at 18°C, and an acld curd

. in 20 days.

Sugar reactioneg. Acid and gas are formed from dextrose and
saccharose§ acld alone from dulclte; neither gas nor acld frou
lactoge, mannite, maltose or galactose,

Peptone.wster. Indol and ammonia are produced in thie medlum,

but no hydrogen sulphide nor nitrite.

Nitrates are reduced to nitrites in the presence of peptone.

Occurrence., Found in mud samples from Loch Striven, Cumbrae
Deep and off Largs.
Affinities. This organism resembles Bacillus sphaericusg { Neide )

1y

but is not hdentical with it, sine the latter differs in the
folliowing points:- Growth on agar is slow, clear and transparent}
On potato a thin greyish film is formed, and indol is not pro-

duaed from peptone.

2. Beelllus sp. Laboratory type No, XXXII.

Numerical diagnosis: U 5931-52220-1101.

Morphology. Slender rods measuring ¢.8 by 4 microns§ these
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occur singly, are motile, and Gram-negative. Cklk contents

are dgnsely granular._ Spores are oval and terminal or less
frgéugntlysub-terminal.

Asar aloge. Growth thin and transparent. At 7 days the éulture
is a pale pink wrinkled membranous mass. "

Agar colonles. These are small, circular, transparent and

slightly wrinkled. They grow slowly, attaining a dlameter of
not more than i mm. after 8 days' incubatlon at 32°C.

Gelatine stab. Growth takes place along the whole line of

puncture, but 1s best developed at the fop. There 1s no lique-
faction.
Gelgtine colonies. As on agar.

Nutrient Broth. The medium remains clear, but therels a surface

membrane and a botton sediment.

Boteto slope. No growth.

Litmus Milk. There is no curdling of the milk, but it is slowly
beptonisged.

Sugar reactions. Acid and gas are formed from dextrose and
8accharose; lactose, mannite, maltose and galactose are not
Termented. _

Peptone.water. Indol and ammonia are formed from peptonse.
Nitrates are reduced to nitrites in the presence of peptone.
Qccurrence. This occurs in surface and 10 fathom samples

?aken in Loch bong and Loch Striven.

Affinitles. This organism does not agree with any of the species
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described by Bergey in hls manual.

3. ng}llué sé. Laboratory type No. V.

1 Numerical diagnésig: U 5101-51@10—9101.

Mo;ghoiogi, Large rods; ﬁeééﬁfiné'i;o'ﬁé'g.o by 4,0 to 5.0 microns.
These cells ﬁay occur in short chainé, and are denéely filled

with granular contents. They are motile énd Gram-positive.

épgreg are oval and centfal. -

égaﬁ sldph. Growth moderate, slightly raised, glistening and
clear”wh;te; the surface is finely rugoss and the margin

sprears entire to the naked eye.

Agarrqpibnies.‘ Growth rapii, %ha coleonier sssuming a circular
or irregularly lobate.shape ( ses P1, X. fig.3 Y. The centre
,bgcomes ralsed In o0ld colonies, and the margin at a higher
magnification shpws_numerousvirregular outgrowths formed

by protruding chains of cells.

Qélétine stab.Growth is strictly aerobic, for the lower part

of the stab shows no development of the organism., Liquefaction
takes place slowly.

Gelstine colonles. As on agar, the colonies sinking slovly

into the medium as liquefaction procecds.

Nutrient Broth. The medlum becomes turbid, with formationcof

a coumpact bottom sediment but no surface film.

Pdté@o slope. No growth.

Litmus milk. Acld is formed in 3 days at 32°C, and an acid

qurd In 3 weeks at that temperatﬁre-

Sugar reactions. Acid and gas are formed from dextrose and
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saccharose j there ig no fermentation in lactose, mannlite,
maltose or galactose.

Peptone water. Ammonia is formed from peptone, but no indol,

nitrite or hydrogen eulphide.

Nitrates are vigorously reduced to nitrites and gas in the
presence of peptone} denitrification takes place also in

a peptone-free medium ( see Medium N, Appendix 1 ), provided
that other micro-organisus are present in the culture.

Occurrence. This form is found in small numbers in most

water samplesg and mud samples.,

Affinities, This does not resemble the species listed by

Bergey or the denitrifying species described by Baur (2 )
and Gran (18 ).

4, Bacillus sp. Laboratory type No. XIII,

Numerical diagnosis: 53131-53110-1311.
Morphology. Rods forming long chains, each cell measuring
1.0 by 3,0 to 4,0 microns. Spores oval and equatorial, often
éméller than the parent cell, and lying loose within 1it,
They are Gram-positive and non-motile.
Azar colonies. Greylsh-white, spreading and slightly raised
in the centre. Colonies usually rhizoid with much branched
farging, but rounded colonies without the characteristbcsshape
fometimes occur in pure cultures. Several varieties differing
only in their cultural characters were found} these are shown

in P1. xI1,

Gelatine stab. Growth rapid, arborescent, with stratiform lique-
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_factlon.

Gelatine colonies. As on agar.

Nutrient Broth.Culture clear, with starryafloccull scattered

throughout the medium. There is no bottom sediment, but a surface

pellicle develops after 2 weeks at 32°C.

Potato slope. Growth whitish to yellow, moderate.
Litmue milk. The medium becomes slightly alkaline and slow

peptonisathnrtakes place.

Sugar reactiong. Acid and gas are formed from lactrose, sacchar-

ose, and maltose} there is no fermentaidnn of dextrose, mannite

H
or galactose,.

Peptone water. Ammonia and nitrites are formed , but no indol

nor hydrogen sulphide,

Nitrates are reduced to nitrites in the presence of peptone
if the organlism 18 1in pure culture} in the :presence of other
micro~organisme gas 1s also produced.

Odcurrence. Found rarely in surface samples, but it is a
frequent component of the bacterial flora of muds.
Affinities. Thls species resemblesan ordinary soll bacillus,
and 1s morphologically like B. myéoldes (Flugge ). The

only points of difference are that the latter causes turbidity
in broth, does not reduce nitrates, and produces acld only
in éextrose, and saccharose.

The foregoing organisms have been described
because they are the most common forms in the Clyde area. About

80 other types of less freguent ocecurrence have been isolated;
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further study may show that many of these are identical and
that the number is in reality much lower, but the cultural
and physiologlical characteristics of each of these have
not been fully worked out, '

One organism which cannot be classified with the
foregoing, and which presented masny features of lnterest,
partlicularly ite agsr-blackening power, was studled in
greater detail. The work done so far on this organism 1s
described in the following pages taken from the current

issue of the Journal of the Royal Technical College,
vol. II No. 5. '
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Preliminary Note on a Marine C‘hromogem’c Micro-Organism
By Miss B. Lroyp, M.Sc.

ABSTRACT.

A preliminary account is given of a hitherto undescribed bacillus isolated from a sea-
water sample. Its morphology and its cultural characteristics are deseribed; the conditions
affecting its distinctive chromogenesis are noted; and its viability in water is considered.

The opinion is expressed here that it is genetically related to Bacillus salmonicida.

The following is a preliminary account of a micro-organism isolated
from sea-water in the course of a quantitative bacteriological investiga-
tion of the Clyde sea area. Samples have been taken at depths down to
62 fathoms, using a water-sampler similar to that described by Wilson.?
The original apparatus was designed for shallow-water limmological
bacterial work, but it has been found to serve excellently for marine
sampling down to the depths indicated.

The apparatus was worked from the ‘‘ Nautilus,”” the boat of the
Scottish Marine Biological Association, and the work was carried out
in part at their laboratory at Millport. I am greatly indebted to
the Superintendent, Mr. Elmhirst, for very readily placing at my
disposal the facilities of the Marine Station and its boats.

The organism about to be described was isolated from a water-sample
taken in Loch Striven at a depth of 37 fathoms. This was from the
water immediately above the muddy bhottom; the organism may therefore
be a planktonic form or a mud inhabitant, living on the organic detritus
which accumulates on the sea floor.

Morphology.—Microscopically, the organism was seen to be a short
broad bacillus with rounded ends, an average breadth of 0-8u and an
average length of 1-2u on solid nutrient media. In liquid media longer
forms were sometimes encountered; on no occasion were involution forms
observed.

1 Wilson, Journ. Bact., 1920, p. 103.
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At a magnification of 1,200 diameters it was possible to distinguish
in optical section only the peripheral membrane and finely granular
protoplasm; no other cell-contents were observed. Its life-history is of
the simplest type known even among bacteria, as it consists only of serial
stages in vegetative fission. No spores were observed, neither were
zoogloeae or encapsulated or other resting stages found under the
" experimental conditions investigated. It is possible, however, that the
cell itself may without visible change become resistant to unfavourable
external conditions, because cultures of this bacillus were frequently
found viable after subjection to such treatment as would normally kill
any non-sporing micro-organism.

, It is non-motile under laboratory conditions of culture in bouillon,
peptone-water, agar, and gelatine.

Staining-reactions.—This organism is Gram-negative. Dry films
prepared in the usual way and treated with carbol-fuchsin did not show
to any marked degree the shrinkage that frequently follows the treatment
of ordinary vegetative bacterial cells with this reagent. This is evidence
of the possession of a resistant cell-membrane.

Cultural Characteristics.

Agar Slope.—A 24-hour culture incubated at room temperature shows
a thin white transparent growth which becomes thereafter progressively
more opaque. At all stages a marked violet fluorescence is shown, and
the increasing opacity of an older culture is accompanied by a brown
coloration of the growth itself. In the water in the butt of the tube
a viscid fine white bacterial sediment is formed. The agar growth itself
has an entire margin; the.surface is slightly raised, moist, smooth, and
glistening.

Pigmentation on Meat-agar.—A remarkable feature of cultures on
ordinary meat-extract agar is the development of a dark pigment. At
about the 15th day at room temperature the medium immediately below
the bucterial growth becomes brown, the colour deepening with age.
This colour diffuses through the medium, so that in four weeks’ time
the whole of the agar becomes uniformnly a very dark brown. A chromo-
genesis of this nature is very distinctive, and the pigment-producing
bacteria are usually readily classified and named. Such pigment-
production is characteristic of members of the Chrombactereae (Bergey);?
but this organism cannot be assigned to any known member of that
group. Dee Pale xu.

Agar Colonies.—Agar plate cultures exhibit characteristics similar
to those enumerated above for agar slopes. Colonies are round, only

2 Bergey, Manual of Determinative Bacteriology, Baltimore, 1923,
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slightly raised above the surface of the medium, and attain a maximum
diameter of 2:0 mm. These colouies, like the agar streals culture, induce
pigmentation in the agar, so that on old plates there is a zone of
discoloration around each colony. The colour is not developed when
the colonies are crowded, in pure or mixed culture.

Fish-agar.—This medium is prepared as follows:—Two 1b. of cod
flesh freed from skin are heated in one litre of sea-water for four hours
at a temperature of 60—70°C. The extract is then decanted, filtered, and
made up to one litre with distilled water. This serves as standard fish
extract. '

Procedure from this point is as for ordinary meat-extract agar, except
that NaCl is omitted. 1 per cent. peptone and 15 per cent. agar are
added; the solution is neutralized, cleared, and autoclaved in the usual
way.

Growth on this medium is very similar to that on ordinary bouillon-
agar; it is somewhat more luxuriant, as is to be expected of a
marine organism growing on a fish-medium., Pigmentation talces
place much more rapidly on fish-agar, chromogenesis being first noted
on the fifth day, some 10 days earlier than on standard agar. There
is some initial difference in the degree of coloration; on fish-agar the
first evidence is a brown colour, whereas on meatextract agar early
coloration is so dark as to appear black by contrast with the unaffected
portions of the medium. However, the final colour, a very dark brown,
is the same in both cases.

Gelatine Colonies.—These attain the same size and are similar in
shape to those on agar, but the violet fluorescence is not seen, nor is the
pigment produced with any constancy. When it is produced, it is at
first yellow, becoming later golden-brown. Rapid liquefaction takes
place, the liquefaction being of the ““plug’ type, that is to say, the
colonies do not spread, but sink rapidly downwards into the medium.

Gelatine Stab.—Liquefaction proceeds from above downwards, and is
typically napiform or crateriform; growth takes place along the whole
line of the stab, but it is more marked near the surface. Pigment is
produced in the upper layers of old cultures.

Gelatine Shake.—Both surface and sub-surface colonies develop,
liquefaction here also being from above downwards. From the fact that
the lower colonies do not develop, the organism would appear to be
aerobic. It is not a strict aerobe, however, for cultures in Buchner
tubes grow well. Since also the bacillus grows in the poorly-oxygenated
lower regions of a gelatine stab, it can better be described as a micro-
aerophile and a facultative anaerobe.



A Marine Chromogenic. Micro-Organism 145

Fish Gelatine.—Growth here resembles that on ordinary gelatine.
Pigmentation of the medium was not observed.

Meat Bourllon.—The medium becomes turbid and a somewhat viscid
white sediment is formed; there is no surface pellicle, and no flocculi
are formed in the medium wuntil the fifth week. Cultures about five
weeks old show a golden-brown pigmentation which is more pronounced
at the surface and does not extend to more than about one em. below
the surface of the broth.

Potato Medium.—Growth on potato-slopes in Roux tubes is moist,
smooth, and glistening, as on agar slopes. A yellow ochraceous pigment
is produced, which does not spread beyond the actual region of bacterial
growth.

Latmus Milk.—The reactions of the organism in litmus milk are
as follows : — ,
Acid: Produced in 18 to 20 days.
Gas: Negative.
Acid Curd : Negative.
Reduction : Litmus is slowly reduced and completely decolorized
in 18 to 20 days.
Peptonization : Positive.

Solidified O Serum.—Growth abundant, with rapid liquefaction
taking place along the line of culture, and with production of a dark
brown colour.

Rabbit-blood-agar.—Growth is vigorous, with a yellow colour.
Haemolysis is induced, and a zone of discoloration surrounds the line
of culture.

- Neutral-red-lactose-bile-salt-agar —Growth is abundant, with pro-
duction of a dark pigment.

Carbolyydrate Media.—It is not advisable to keep sugar bouillons
made up even when the broth is adjusted to neutrality or slight
alkalinity, The medium frequently becomes acid on sterilization or
with storage. Such acidity would favour hydrolysis of the contained
sugars to other forms and so invalidate the vesults obtained.
Accordingly, ordinary meat bouillon was tubed in 10 c.c. quantities
to serve as a broth base, and one c.c. of a 10 per cent. sterile solution
of the appropriate carbohydrate was added prior to inoculation.
Durham fermentation tubes were inserted in the usual way to collect
any gas that might be formed.

For each set of such inoculated sugar-media a bouillon tube without
added sugar was inoculated as a control; this was to ensure that any
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gas production in the other tubes did not result from fermentation
of any unknown sugars possibly present in small amount in the meat
extract used in the preparation of the bouillon.

Litmus paper was used in preference to an added indicator, since
possible pigmentation in the mediuvm might mask any colour change
in the indicator; rough determinations of the hydrogen-ion concentration
of the medium were made (@) from inoculated tubes after 14 days’
growth and (b) from uninoculated control tubes. The results of one
such series are set out below:—
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The above show the organism to be indifferent to carbohydrates;
although growth is not inhibited, there is no gas production and no
great change in the reaction of the medium. Older cultures in dextrose
as well as in saccharose broth occasionally produce acid, but this is not a
constant feature.

" Peptone-water.—A suitable medium is 10 per cent. peptone in filtered
sea-water, a modification of Dunham’s solution. Growth in this medium
is slow, turbidity not developing till the fifth or sixth day. There is
no production of gas or of indol, but abundant formation of nitrite.
Ammonia is sparingly formed. It is interesting to note that nitrates are
abundantly formed as a degradation product from peptone, and
ammonia only sparingly so.

Nitrates (0-25 per cent. nitrite-free KNO,; 01 per cent. peptone in
sea-water) are not reduced to nitrites; nitrites (0-25 per cent. KNO,;
0-1 per cent. peptone in sea-water) are not decomposed. In the above
work tests were also made from uninoculated tubes set as controls.

Conditions of Growth.

Foodstujffs.—Since this organism was originally isolated from sea-
water, much of the cultural work involved the use of sea-water media.
It is to be expected that it would thrive better in a nutrient medium

v
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with a salt content approximating to that of the sea, but this bacillus
was found to exhibit a wide range of accommodation to the necessary
nutrient salts supplied. It grows equally well in a medium made up
with sea-water or with tap-water and 0-5 per cent. NaCl.

On fish-extract media the growth is more luxuriant than on meat-
extract.

Temperature.—The optimal temperature range is from 10°C. to
19°C. Above this, growth continues for three to five days, and is then
arrested; the surface of the colony assumes a dry and punctulate
appearance. After 10 days’ incubation at 37°C., the organism dies
off and is not recoverable from the culture. Incubated at 0°C., the
culture shows no visible growth in the first 24 hours; multiplication
does, however, take place, and after seven days a healthy culture is
produced, comparable in amount to a three-day growth at 18°C. The
original streak on an agarslope is visible in such a culture as a
punctulate line, subsequent growth being normal.

This shows that the organism does not live long above room
temperature, and that low temperatures are only unfavourable in so
far as they retard the rate of reproduction in the usual way. Here
growth is not inhibited but simply arrested.

Hydrogen-ion Concentration.—It is known that a number of miecro-
organisms are specially sensitive to changes in the pH of the
surrounding culture medium. TFor instance, the range tolerated by
Neisseria gonorrheeae Bergey (Gonococcus Neisser) is from T'8 to 8'4;
other organisms are even more exacting, as for example Hemophilus
influenzae Bergey (Bacillus influenzae Pleiffer), for the cultivation of
which the mediwm must have a pH of 7-8 to 80. It should, however,
be borne in mind that the specific response of an organism to external
conditions varies with the individual, and that although certain species
such as the two enumerated above are intolerent of great variation in
. this respect, others may not be so sensitive. Salmonella paratyphi
Bergey (Bacillus paratyphosus Brion and Kayser) serves to exemplify
this, since, although for optimal growth the culture medium should have
a pH of 62 to 72, the acid and the alkaline limits are 40 and 9-6
respectively.

In order to ascertain the effect of variation in hydrogen-ion con-
centration of the medium on the organism under consideration, a series
of agar tubes was prepared with N /20 NaOH or N /20 HCI, having pH
values approximately determined and ranging from 55 to 10-5. It
was found impossible to use agar tubes of a less pH value than 55,
because their acidity destroyed the solidifying properties of the agar.

Streak cultures on such a series of slopes show no appreciable
difference either in the amount of growth or in its fluorescence.
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However, the development of the brown pigment so characteristic of the
bacillus depends on the pH of the medium. Between 7:5 and 8:0 the
pigment is more marked; beyond this range, pigmentation does occur,
but at a slower rate. Further work is being carried out on the conditions
affecting pigment-production.

Oxygen—The oxygen requirements of the organism have already
been considered. As a freeliving marine form it obviously is aerobie,
but under laboratory conditions it can grow as a micro-aerophile or as a
complete anaerobe.

Consideration of Affinities.

It has not been found possible to identify this bacillus with any
known or previously described free-living heterotrophic chromogen.

(i) In certain of its morphological and cultural characteristies it
resembles members of the Pastewrella group. In both cases we have
small Gram-negative rods exhibiting only feeble powers of carbohydrate
fermentation. But the Pasteurelleae (Trevisan) is a highly specialized
group of organisms causing such diseases as fowl-cholera and swine-
plague, and the optimal temperature for their growth is 37°C. There
is no record of chromogenesis in the group. The bacillus under
discussion cannot therefore be classified as a member of this family,
sinee it cannot live many days at the temperature named. :

{i1) Chromogenesis is characteristic of many free-living forms, notably
Flavobacterium, Bergey, a common genus of water organisms exhibiting
vellow or orange pigmentation on certain media. (Chromogenesis,
however, does not uecessarily indicate phylogenetic relationship, and
the bacillus under investigation differs in so many cultural and morpho-
logical characters from the known members of the genus Flavobacteriun,
Bergey, that it cannot be i}identiﬁed with any species in that group.

(ii1) It was brought fo the writer’s notice by Mr. A. C. Gardiner of
the Alresford I'isheries Station that agar-cultures of this organism closely
resembled DBacillus salmonicida Emmerich and Weibel, which causes
the disease of furunculosis in salmon and trout, and which is pathogenic
in a lesser degree to other cold-blooded animals. This disease is highly
infectious, and in recent yvears there have been serious outbreaks in
Irish,* Scottish,* and English® rivers; and although the disease and the
causative organism have been known since 1894, there appear to be
considerable dubiety and some amount of conflicting evidence as to the
origin of the disease. The organism has been recorded from rivers

3 Mettam, Ann. Rep. Fisheries, Treland, Sei., Tnv., 1914
4 Williamson, Fishery Board for Scotland, Salmon Fisheries, 1928, No. V.

5 Masterman : Report upon the Kpidemic of Salmonidae, Beard of Agrie. & Fisheries,
1912, (with an appendix by Arkwright).




during an epizootie, but it is not normally found freeliving in river
waters. There seems to be some evidence that fresh-run salmon may be
infected before entry into the river®; this indicates the possible existence
of this micro-organism in sea-water. The present writer therefore
suggests that B. salmonicida may exist not only as a fish pathogen, but
also as a free-living marine organism. Such a case would be comparable
with Bacillus tetani, which may live as a harmless soil organism, and
which becomes virulent only when it gains entry to tissues by way of
broken skin and lives in a healing wound under anaerobic conditions.

Comparison of B. salmonicida and the described organism.—
Morphologically and culturally these show great similarity, except that
the former does not show violet fluorescence on agar—a constant feature
in the latter. Both are Gram-negative, but the bipolar staining described
by Marsh for 5. truttae and by Arkwright and Williamson for
B. salmonicida is not a distinctive feature of the form described in this
paper.

The sugar reactions of the two bacilli are different. B. salmonicida
ig stated to ferment glucose and mannite; acid production appears to
be a constant feature for all strains, with gas production in some cases.
The free-living form under investigation has never been noted to produce
gas from the carbohydrates used, and only in dextrose and saccharose
is the formation of acid a marked feature. These are significant points
of distinction, although there arises the possibility of its feeble
fermentative powers being due to attenuation under conditions of
laboratory culture.

Gelatine liquefaction in . salmonicida is variously described as
being from above downwards or from below upwards, with production
of gas-funnels. In the organism considered here it is invariably
infundibuliform or napiform. The differences here noted between the
described organism and B. salmonicida are scarcely greater than those
which subsist between the various strains of B. salmonicida itself, and
the opinion is therefore expressed that they are two closely related forms.
They are probably different ‘‘ strains’’ or ‘‘ biologic forms,”’ one’ free-
living in the sea, and the other a pathogen. It is a matter for experiment
to determine whether the organism under consideration is potentially
pathogen. At the request of Dr. Williamson, the writer has handed
over a culture of this bacillus to enable its pathogenicity to be determined.
*In the event of its being non-pathogenic, there would not be sufficient
grounds for separating it as a species distinet from B. salmonicida, since

*Since the above was written, the organism has been found to be non-pathogenic
to a frog after sub-cutaneous injection with 1/5 of an agar slope culture emulsified
in stevile saline. I am indebted to Dr. Williamson for making this test and
affording me this information,

19
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even in the recognized forms of the latter, attention has been drawn to
inconstancies in virulence, and the consequent probability that there
are different varieties.®

It should be noted that this organism may either cause a general
infection only, or produce in addition the so-called furuncles. Further,
as Clayton’ has recently demonstrated, it may exist in numbers in a
perfectly healthy codling, so that the organism may be non-pathogenic
under certain conditions. This lessens the distinction between the
recognized form of B. salmonicide and the organism here under
consideration.

Viability in Water.—There is apparently a marked contrast between
these two organisms in their viability in water. With regard to
B. salmonicida, the results of various workers do not agree, and the
question of its viability in water calls for further experiment.
Avkwright® finds that it does not live more than 19 hours in sea water,
but that 25 per cent. sea-water and 75 per cent. tap-water had no lethal
effect for 67 howrs; Williamson (loc. cit.) states that it is recoverable
after two days from unsterilized sea water and after three days from
sterilized sea water.

The following tests were made to determine the viability in water
of this bacillus which resembles B. salmonicida:—

Test T.—10 c.c. quantities of sterile solutions were prepared with
tap water and evaporated sea salt, giving a range of salinity as under: —

0-0, 0-5, 1-0, 1-5, 2:0, 2:5, 3:0, 3-5 per cent,

The first of these would represent in salt concentration natural river
water and the last sea-water.

Each tube was heavily infected with the bacillus, but no special
precautions were taken to prepare emulsions containing approximately
the same number of organisms, because the ultimate extent of bacterial
growth in any culture is a function not of the initial numbers but of
the total available foodstuffs.

From the above emulsions, loopfuls were plated on agar at intervals
of two hours over a period of 24 hours. After five days’ incubation at
room temperature, all plates showed colonies of the bacillus.

Test I1.—As above, but platings were made at 12-hour intervals
over a period of five days. The results here again were in all cases
positive. ' ‘

Tt appears then that variation of salinity within the range occurring
naturally is not an inhibiting factor. Other factors, then, such as

6 Hulsow, Allgemneine Fisch. Zeitung, Nos. 10 and 18, 1913,
7 Clayton, Report Dove Marine Laboratory, Northumberland, 1927.
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competition with other micro-organisms may be unfavourable to the
organism. Accordingly, the following viability tests were made:—

Test ITI.—Emulsions were prepared as in the preceding experiment,
but for Tubes I to VII sewage-polluted water was used instead of
sterile water, and inoculations were made at intervals of 24 hours.
Tube VIII contained filtered unsterilized sea water taken off Greenock,
where the bacterial content is very high. The results are as set out
below : —

sy, per et | oy | 4 [ | 1% |y, | 1| m fun
. 1 + 0 + + + + + +
2 + 0 + + + + + +

& 3 o o | o |+ |+ |+ | o+ |+

a 4 0 0 0 + 0 + + +

5 0 0 0 0 0 + 0 +

+ =(rowth on agar of this bacillus.
0 =No growth of this bacillus.

It will be seen from the above that, allowing for experimental error,
in polluted waters the organism dies out more rapidly where the salinity
is low. If then the same conditions hold in nature, this organism
would not normally be able to live in river water, but could thrive in
estuarine and marine habitats whatever the degree of competition with
other miecro-organisms. Further tests ave being carried out along these
lines.

This strain was isolated from a sea-bottom sample; other strains of
the same organism isolated subsequently from Loch Striven and other
areas were also obtained from sea-bottom samples taken above muddy
layers. It is interesting to note in this counnection the suggestion of
Plehn (quoted from Williamson, loc cit.) that B. salmonicide may live
for some time in mud.

In conclusion, the writer wishes to tender grateful acknowledgments
to Professor D. Ellis, D.Sc., Ph.D., F.R.S.E., for his guidance and
supervision of the work.
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THE NITROGEN CYCLE IN THE SEA.

~ In the sea, as on land, the majority of bacteria
ére metatrophlc species, 1.e. saprophytes which attack
grpte;na and convert them into gimpler compounds., Therg are
also such prototrophic species as the Nitrogen-bacteria, the
Sulphur-bacteria and the Iron-bacteria which have a much
aimpler metabolic cycle. The first of these groups, the
Nltrosen-bacteria includes not only those prototrophic forms
which synthesise inorganic nitrogen compounds from simpler
ones, but also those saprophytes which under certain cond-
itions decompose nitrates or nitrites.

Nitrogen-bacterla are classed as under:-

(1) Nitrogen-fixing forms. These are capable of 'fixing'

nitrogen by synthesising nitrites or ammonium salts, as for
example Pseudomonas radicicola found in symbiotic assoclation
with leguminous plante. Nitrogen-fixing organisms have been
recorded from the 8ea, both free-living Azotobacter and.
Specles symbiotic with algae (83, 24), but there 1s little
ovidence to show that they play an important part in the

formation of nitrogen compounds in the sea.

(11
) Nitrifying forms. These are able to oxidise (a) nitrites
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to nitrates or (b) ammonlum salts to nitrites, the two

etages being effected by different organisas. Nitrate-ballders
and Aitfite-builders aay 1ive together as loose symblonts,
the nitrite-foraing bacteria supplying the necessary raw
mgﬁeflél to the nltrate-bullders, while these for their
part would remove the nitrite as it is foraed - a gariced
alvantage to the nitrite-builders, since axcess of the end-
products of nitrite;building metabolism has a toxlc effact“
on the organisms inithating the reaction. The existing
theories of the food-cycle in the sea postulate the presence
of such nitrifying speclies as a necessary source of nitrate
in those sea arcas removed from the influence of land
drainage. MNitrite and niirate bacteria have been lsolated
from inshore waters, but there is much uncertalmty as to
the actual part played by such specles under natural
conditions,

(111) Denitrifying forms. These decompose (a) nitrates,
reducing them to nitrites or less frequently to ammonla, or
(b) nitrites with formatlion of nitrogen principally and
small quantities of amménia and nitrous oxide. Some few
organisms are able to reduce nitrates completely, but in
general denitrification, like nitrification is usually
8~<=.<301!11‘)1115hed in two stages by different species. A number

of denitrifying organisms have been recorded from seawater,

but 11ttle 1s known as to their undoubted activities in the
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sea.

Nitrogen-fixation.

In the soll the main naturel method Dby wbigh
elemental nitrogen may agaln be returned to the metabolic
cycle is by way of such nitrogen-fixing organlisms as
Clostridium and Azotobacter. In the sea, however, the con-
tinual drain upon the contalned nitrates by marine plants
is compensated by a renewal from the land in all those o
sea areas which are not far removed from nerltlec conditions.
éuch a renewal from land dralnsge mlght in 1tself Dbe an
adequate gource of nitrate.

In the open oceanic regione, the only sources of
nitrate are the atuosphere and the products of bhacterial
nitrification, Unless the former is sufficlently preductive
to.support the phytoplankton of the opsen seas, then it
would appsar that nitrogen-fixing uilcro~organlsas are
respongible for nitrate-nrcduction. If these are inadeqgaate
for the nutrition of marine plants it would be necessary to
assume that the microphytic plankton can utilise as a sourca
of nitrogen the amseniuw ermpoindg produced by ordinary
8aprophytic bacterial action. From practival as well as
theoretical considerations it would be of interest to
ascertain whether suech nitrogen~-fixation occurs in the éea.

There does not appear to be much information as
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to the exlistence of free-living nitrogen-fixing bacteria

in the sea. According to Johnstone !o9) both Clostridium and

Azotobacter have been recorded from a variety of habitats

such as the sea bottom, the surface of plankton and the sea
'water itself. 1In recent years marine workers have endeavoured
to isolate such species from the open sea. Drew (10 - 13)
uged a glucose potassium hydrogen phosphate medium and inoculated
with sea water off the Bahamas, but obtalned negative results.
S8imilarly Berkeley, working with weter from Vancouver, found
no evidence of nitrogen-fixation when he inoculated into
& mannite potasslum hydrogen phosphate medium.
Experimental.

Berkeley's nitrogen-fixing medium was adopted { see
Apgendix 1. Medium M )} test tubes containing 10 cc wers
;noculated from the samples obtained at intervals for the
quantitative work, An uninoculated control tube was set in each
case, and both the control tubes and cultures were tested at
intervals of one month for ammonia and nitrite ( for test
reagents see Appendix 2 ).

Results. In no case was there e#ldence of nitrogen-
fixation. One set of cultures, made from surface, 10 fathom,
30 fathom and botsom samples, Loch Striven 18.5,28 gave a
strong nitrate reaction, with none in the corresponding control
tubes. Sub-cultures were made from these into similar media,

and bacterial growth took place. The sub-cultures, however,
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gave negative results for ammonia, nitrite and nitrate.

Nitrification.

The nitrifying bacterie on land restore to the
soil nitrogen-qompounds in a form sultable for sbsorption by

the ordinary éreen plant} the genera Nitrosococcus and

Nitrosomonas are nitrite-builders, and Nitrobacter is a

nitrate-building form. Concerning the problem of nitrification
in the sea Berkeley writes: ' If marine plants require thelr
nitrogen in the form of nitrate and no agency exists in the
sea for oxidising the ammonia produced by the breakdown of
complex organic compounds, they must . depend upon nitretes
Produced by bacteriasl agency on land and washed into the sea’'.
( 4 ). He does not consider the atmosphere as a sourge of
hitrate.
7 \ Thomsen (36) records nitrate and nitrite builders
from thg'bgptom of inshore waters, but didvnn&tfind them in the

open sea; Berkeley, employing a gimilar medium, had negative

results also for the open sea. He suggests that marine
nitrifying orgenisms might require the presence of organic

. matter, and that an inorganic nutrient medium ( see WMedium M,

" Appendix 1 ¥ 1s not favourable for growth. Lipman also

found that no nitrifying organisms can be isolated from water
taken from the open sea, although cultures made from calcareous
8and  showed nitrification (26). Harvey on the othe&i?%und
abpreciable nitrate formation ok the order of 7 mg. per cublc

metre in an ammonlium-nitrogen sea water medium, while controls
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in which bacterlal action were stopped by the additlion of mercurilc
chloride showed no such nitrate formation.
Experimental.
» Inoculations were made regularly from sea water
into & medium sikilar to that employed by Berkeley and Lipman.
See Medium M, Appendix 1; uninoculated control were sel and
at iIntervals both the cultures and the controls were tested for
increased nitrite and nitrate,

Results, Bacterlal growth took place in all cases, but
it was scant and the contained organisms soon died. There was
no evidence off nitrification in any culture. This‘culture
medium does not favour growth, so that the absence of nitrif-
atlon here cannot be taken as conclusive evidence that this

does not take place.

Denitrification.
Nitrogen-fixing and nitrifying organisms have

& Narrow range of acéommodation and specliallsed requirements.
Denitrifying organisms are of wider occurrence, and the power’
of nitrate and nitrite reduction is common to many ordinary
saprophytic bacteria.

There is a lack of uniformity as. tg the use of the
term denitrification. Some writers use the term in its widest
gense to cover not only the reduction of nitrate to nitrite

and ammonia, but also the reduction of nitrite to nitrous
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oxlde andvnitrogen. Others‘restrict the use of the tmrm to the
latter stage, which is marked by evolution of gas. This
resul ts in'confusibn, and 1t would therefore be expedlent to
bring the terminology in line with that used for the nltrate
bullding and nitrite building bacteria. Here the term 'nitrificat-
ion' has a general import, and the two stages in the process
characterised as nitratevbuilding and nitrlte building respect-
ively. By analogy 1t 1s proposed here to use the word
‘denitrification' in a general sense, and the terms nitrate
reduction and nitrite reduction for the two stages 1in the process.

Denitrifying bacteria were observed in the sesa as
early as 1892 by Russel (31), who found aerobic nitrate reducing
bacteria in bottom muds. Soms years later Brandt, in formulating
a theory to account for the paucity of phytoplankton in the
ﬁropics, postulated the existence of such denitrifying forms,
and suggested that their increased activities ln the warmer
waters reduced the avaible nitrate , with consequent reduction
of the planktonic flora.

_Baur made the first exhaustive study of such
forms (2). He isolated from aduarium mud two new nitriTte
reducing species. Gran (18) later described three other

denitrifying forms found in littoral waters. Drew (12) lsolated

Pseudomonas calcls, a tronical denitrifying species. He
Observed that such denitrifying speciles occur most commonly

Where there is a high organic content, as in a mangrove swauwp.
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Drew used a medium contailning calcium malate, sodlum hydr>3zan
phosphate and potassium nitrate. Berkeley found th&t with
thie medium he obtalned abundant reduction of nitrate to
nitrite, but no gas productlon.

Experimental. Drew's denitrification medium, peptone water, fish

broth with 0.857 added potassium nitrate or nitrite were the
media employed. The above were tubed in 10 cc quantities and
a burham fermentation tube inserted to collect any gas that
might be glven Off-{for media formulae see Appendix 1J

Inoculaﬁions were made into a serles of the above
media from the samples obtained from time to time for
quentitative work on the bacterial content of sea water.
Each culture was inoculated with 3 cc. of the sample and an
uninoculated tube set as a control.

Tests were made at intervals for reduction of
nitrate to nitrite} the Griess-Ilosvay method was employed.
( For test reagents see Appendix 2 Y. Different media were
tried experimentally, and gave the following results:-

Nitrate peptone sea water. Medium H.

Bacterlal growth invariably takes place. The nitrats
may remain unchanged if thgre are no deniltrifylng bacteria
DPresent or 1f for aqy reason unknown conditlions inhibit their
activity. More frequently one of the following changes takes
Place:-

(1) The amount of ammonia may be greatly increased as

compared with that in the control tube; this may or may not be
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accompanied by increased nitrates. In a mixed culture
containing 0.025 gm. potassium nitfate, this is not completely
used up after90 days at 18°C. | |
| (2) The smount of nitrité may be greatly increased
és compared with that in the control  ° tube; ammonia is
usually produced also and the nitrate is noﬁ completely
used up after 92 days at 18 C. ,
{3) 1The nitrate may be completely destroyed with
evolution of gas. The course of the reactlon is as follows:-~
At the fourth or the Fifth day thers is & sudden increase of
nitrite, and within 24-hours gas bubbles are given off,
These stream upwards with great raplaity, and by the seventh
day -accumulate 28 a foam at the surface. Gas accumulateg in
the Durham tube. Foaming dsually ceased by the twellth or
thirteehth day. Lt fourteen daye, the nitrate disappears
and by twenty daye, the nitrite aléo is destroged. EgloA-
In such a cage we are dealing with an organism or
mixture of organiems czpable of complete denitrification,
the nitrate b&ing first reduced to the nitrite, and thils in
~turn being reduced to a gas or mixture of gasses. The prob-
abllity 1e that the gases are nitrogen and nitrous oxide, but
the gas collected was too small in amount for the qualitative

test,

Nitrite veptone gea water., Medliur I.

This medium favours bacterial growth and deﬁ%ifica—
tion. F.? o A
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Nitrate fish bouillon. Wedium J.

and

Nitrite fish bouillon. Medium K.

In mixed culture rapld bacterial growth occurs, and
a surface pellicle is formed. In the hitrate medium abundant
reduction to the nitrite occurs, but there is no gas evolution.
These medié were adapted from the formulae of Baur. He

obtained active gas production.

Medium M. Drew's denitrification medium.

In the foregoing media, the pregence of peptone
favours the development in mixed culture of most bacterial
gpecies. Drew's medium containing sodium hydrogen phosphate
and calcium malate in seawater with added nitrate or nitrite
is suitable fof denitrifying forms but inhibits the development
of other metatrophic bacterial saprophytes. Denitrification
1s readily obtained in this medium, but it do:ze nct vrocedd
as rapidly as in a peptonz-containing medium.

Zonditions Affecting the Rate of Denitrification.

1. Temperature. A gerless of sub-cultures was made from an

actlvely foaming nitrate peptone culture; these were incubated
at different temperatures. On the 5th. day the number of
gag~bubbles streaming upwards in 5 seconds were counted.

The tubes were then replaced at incubation temperature for 30
minutes, and a second reading teken., This was repeated three
further times so that an averasge of five observations could be-

Obtained. The figures are given below, and the average results
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shown in Filg. 10 3. & similar series was done for nitrite

peptone.

Nitrate. Nitrite.

Inoculation Temperature.|] Inoculation Temperature

16 220 322 37°(C 16 227 32° 377 C

lst. reading 20 36 31 40 7 T 9 12
2nd. " 15 15 21 31 4 11 12 13
3rd. " 15 24 23 29 7 9 10 10
4th., " 17 15 321 36 4 13 10 13
5th. " 12 16 19 25 5 8 12 9
Average no, of

bubbles. 18 21 25 30 5 10 11 11

It will bhe seen that, within the range of tempera-
ture given, an increase of temperature favours increased rate
of denitrification, and apparently this Would continue until
the thermal death point for the organism concerned would be
reached. It may be noted the reaction is hastened past the
Optimal growth temperature for marine organisms.

2. Concentration of foodstuffs in the medium.

(a). Nitrate or nitrite. A series of cultures was
Set up in nitrate reptone mediz having varying concentrations

of calcium nitrate, with the following results:-
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4 Concentration | : !
of KNO 0.10,15 0,2 0,25 0,3 :0,5 1,0 2,0 5,0

Degree of bacterial ‘ _ ¥ - _
' ‘growth = =~ ,A—f.ant,¢ IF.V * W'TT T T :

No. of days before gas ‘ ‘ ;
.. Tormed 8 8.8 7 5 4 - = =

No. of days before R b :
nitrate used | . . |31 2 30 30 ’ -
! | N

‘A similar series of culture in a nitrite peptone

Medium gave the following results:-

% Concentration

Of KNO,‘ 0.1 0015 002 9035 003 0.5 100 3.0 5-0
Degree of bacterial } | , ;
, growth | T 0t 4+ 4+ 4 - - - -
" No. of days before |- 1 7 : Lo
gas formed 707 & 7 8 @ - - - -
No. of dagys before f é : ‘ i }

nitrite used 20 21 20 2 20 - - - -

From the nltrate serlies the following concluslons
have been drawn:s (1) bacteria are intolerant of a nitrate
concentration over 24, and do not grow; (1i1) within the limits
that permit growth, an increase in the nitrate supply hastens
the rate of denitrification; (iil) where the avallable nitrats
is small in amount, it 1s only reduced in part, and some resid-
ual nitrate is left after as long as 30 days.

In the—esse—efi the nitrite medlum there 1is a
elmilar intolerance of high salt concenfration, but the rate

of denitrification does not appear to vary with the nitrite content.
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(b) Peptone. Routine cultures were usually employed at |
a peﬁtdne concentration of 1%4. The following series of cultures
was made 1n media of varying peptone content, with the

following results:-

%4 @oncentration of

peptone: - 0.1 0.2 0.5 0.7 1.0 1.5 2.0 2.5 3.0

Bacterial growth : : ‘ ;
e E L R A S S U
No. of days before : | : : i
gas produced 10 7 77 4 4 41 5
No. of days before ‘ :
nitrite used o 40

23 20 18 10 19 10
R R R T R

From the above 1t 1s concluded that the rate

of denitrification varies as the peptone concentration up
to 37%.

3.Presence of other organisms,

In the preceding section dealing with the identity
of the organisms isolated, several species were floted as
capable of nitrate or nitrite reduction in pure culture. It
has been found that in all cases denitrification proceeds
lore rapidly in mixed culture than in pure cultures of any one
orgenism. In these experiments, mixed sub-cultures of bacteris
have been employed; these were chiefly Baclllus sp. ( Type V ),
Baclllus sp. ( Type XIII), Achromobacter sp. ( Type I ),
and Achromobacter sp. { Type VII ).' If ang one of these specles
is present with non-denitrifying forms, rapid denitrification
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t;kes place 1f other conditions are favourable. Big. 10 A
givesu a general curve for the rate of denitrificaﬁion (1)
from a nltrate culture and (11) from a nitrite cultura,’as
egtimated by the amount of residual nitrite present at
daily 1ntervals. Thevmathod of estimating the nitrite
present is given ifi Appendix 2.
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7.
SUMMARY,

E“A_bacteriological water-sampler, similar to that
déscribed by Wilson,has been constructed, and samples .-
have been taken at three stations in the Clyde area at

smenthly intervals over a perlod of ten mouths.
Cultures have been mads fromtthese under standardised
conditions, and the number of colonies grown in five

days counted.

No raegular seasonal variation in the number of bacterls

was found in any place.

A marked decrease iIn the number of bacterlia from surface
to bottom was noted; in Loch Long and Greenock there was

an increase also in the number of bacterla at the bottom.

Diurnal quantitative variation in a winter serles of
samples showed a maximum in the early night, with a
decrease through the early hours of the next morning.
Diurnal varlation 1n a spring serles of samples showed
that the numbers increased through the night to a

maximum at 3 a.m.

The common specles were found to belong chiefly to the

genera Flavobacterium and Achromobacter in Bergey's

family of the Chromobacteriaceae.
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2.

The principal cultural and morphological charactgrs pf
the common apecies are givenj where posslible these have
been ldentified with, or classified near to, already

known species.

One organism with distinctive chromogenesis on agar has

been selected for special study.

No evidence has been found of nitrogen-fixing bacteris,

nor of nitrite- and nitrate- bullding bacteria.

Denitrifying bacteria, both nitrate-reducing and nitrite-

reducing forms were commonly found in seawatser.

Some laboratory condltlions affecting the rate of

denitrification in cultures are considered.
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Appendix ;. Culture Media.

Medium @. tandard Ag B
Prepared according to the formula of Giltner 1n

his Microbiolosy, p.éO New York, Srd editlon 1926.

ediun B. Sea salt Agar,
' Medium A modified as under:-
{a) NaCl is omltted and 1 litre of aterillsed

f1ltered sea water 1s substituted for tap waber..Qr:;
(b) NaCl is replaced by 30 grams evaporated sea salt,
{Tidman's sea salt is a commercial préparatlon
found to serve this purpose well).

Medlum C. Fish Agar. h

Heat 1 kilog. Codfish in 1 1litre of sea water for
3 to 4 hours at 60 to 70°C, Straln through muslin,
filter and make up to 1 litre with distilled water.
This serves as standard fish extrgct. Procedure
from this point is as for medium A,
(Modified from Baur, Wiss. Meeres. VI. 1901)

Mediuu D, Fiah Gllatine
Prepared as medium C, but subatitutlng 151 selatine
for 1.5% agar,

{¥odified from Baur Wiss. Meerea. VI. 1901).

Medium E. standard Gelatin
Prepared aecordinsLthe rormula of Giltner in hia



78

Microbiology, p.35. New York, Srd editlon, 1926.

PR

Medium F, Conradi-Drisalski Agar.
Giltner, p.387.

Medium G. Peptone Water.

104 peptone in filtered sea water.'r )
( a modification of Dunham's peptone water )

Medium H. Nitrate P#ptone Seawater.

Peptone 10%, and potassium nitrate 0.25% in filtered
sea water. Autoclave for 15 minutea at a pressure

of 2 atmospheres.

Medium T, Nitrlte Peptone Seawater.

Peptone 10%, and potassium nitrite 0 25% in flltered
seawater. Autoclave for 15 minutes at a pressure of
2 atmospheres. ‘

Medium J. Nitrate Fish Bouillon.

Peptone 1% and potassium nltrate O, 254 are added

to atandard fieh extract (aee note under MediumC).

Medium K. Nitrite Fish Boulllon

'_-_—--l—-——-—-m_—m

Peptone 1%, and potaasium nitrite 0,25% are added
to standard fish extract. (Adapted from Baur, loc.cit)

Medium L, Nitrification Medium,
Ammonium sulphate 0.02% 1s dissolved in filtered sea
water, and basic magnesium carbonate is added in excess

(Adapted from Lipman and Berkely).



9.

Medium M, Nitrogen-fixation Medlum,

Mannite 2 grams.
KHPO, 0,5 grams, -
Seawater 1 litre. (Berkeley's medium),

Medium N. Denitrification Medium.

KNO, 0.5 gram.

NafiPo, 0,35 "

Ca Malate 5,0 " o o
Seawater 1 litre. (ﬁrewfs medium);

Medium O. Lactose Blle-salt Agar.

Peptone 80 graums.

Sodlum taurocholate 5.0 grams.

Asar 15
1% Neutral Red ‘3,5 cc.
10% Lactose 580 cc.
Water 100@ cC.

Procedure 1s as for~éﬁ£ndard“asar,_qxcgpt_thet‘phe
neutral red and the lactose are added after clearing
with egg-albumen. (7aken from Ellis: Bacteriology
for Chemical Students).
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Appendlx 2. Test Reagents.

1. Nitrits. Griess-Ilosvay Test.

Solution I. Sulphanilic acid.........0.5 &.
Glacial acetic acid......30 cc.
Distilled water........ 120 cc.
Solution II. .-naphthylamine....... C.2 g.
Glacial acetic acid.... 20 cc
These are heated, and then made
up to 150 cc with 20% acetic acid.
Jodie” The two solutions are mixed in equal quantities
immediately before use.
For quantitative work, colorimetric comparisons
‘are made with a standard of known nitrite content. To
determine the nitrie content of a culture, 0.1 cc is with-
drawn with a sterile pipette and one drop of the mixed
reagent added. At the same time (,1 cc is wighdrawn from
each of a series of standard solutions of known nitrite.
content and a drop of the reagent added to each.
These are carried out on a glass plate viewed
agailnst a white background, and the pink colour developed
1s matched against the appropriats standard.

- % Amménia. Nessier's Reagent.

3. Nitrate. (a) Diphenylanine........ 0.5 g.
conc, Sulphuric acid.. 100 ce
. L E- 77 ) o 20 cc.
Add 2 cc concentrated sulphurlic and 5 drops of the above
reagent to 2 cc of culture. Ablue colour is produced in the
 DPresence of nitrate. This test is valid in aqueous solution

only if nitrites are absent.
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