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were - extremely low.
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INTRODUCTION

a s
173 .;

amplrng (G. Moskov1ts, unpubllshed data) of

: . 1nd1cated that the bacterial: populatlons of this’ reglon

.This is .a type of env1ronment,.
f

;ﬂ- . - unprotected and characterlzed by hlgh sallnltles and low

water tempera

. ‘carried out.f

, - 1900 Krlss,

bacterfa in any region should involve gualitative as well.

¥

bacterlal group could be studred in deta11

than were found along the Avalon Penlnsula.:'

~ ' as quantltatlve work.’

s

tures, on Wthh few studles have been

The very few mlcroblologlcal 1nyest1gatlons

1963 1970) all gave hlgher plate counts -

‘e

HoWever, because of the time and

effort 1nherent in such a project, only a single-

.n ’

The genus

Peeudomonas Mlgula was chosen ‘for ‘a number of reasons.

.1

env1ronment.

.

Pseudomonads are wrdely dlstrlbuted in the marlne

©2)

Pseudomonads, because of thelr

o0 metabolrc versatrllty, are 1mportant in many processes

. occurrlng in the seas.

N netabolism of

~

Wae Wb

3) The blochemlstry and

pseudomonads are better understood than."

> . -

"the. coastal waters of the Avalon Penlnsula, Newfoundland,g

‘ . - of the ‘open North Atlantic Ocean (Fischer, 1894 Mrnervinl

A .complete examination of .the disttibution of ‘marine- .

toay * . - .
ol . . . . / °
o -ul - . . . ' d L
2 [ - . - E .

‘G

0N
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are those ‘of any#other group of . -marine bacterla. 4) The . .

[
a

taxonomy of the pseudomonads, although far from satlsfactory, oL

e L 15 better organlzed.and more GEtarled than is that of any

. . of the other genera found ;n'the marlne env1ronment.
e e '\‘s) ~"A'medium,§ele'btiv‘e for- pseudofnonads was available.

: - .. . _ the pfesent study wag undertaken: 1) to. verlfy the
o exlstence of unusually Tow bacterlal pOpulatlons in

Avalon Penlnsula waters, 2) to study the fluctuatlons .. . e

B *

. of theSe populatlons 1n time and space duringtthe sampllng

' 'perlod, 3) to characterize-the klhds of bacterla " -f'

o tecooered and t¢ examine in deta;l the seasonal and depth ., ’
‘distrlbutlon of bacterla of the génus. Pseudomonas, and "{

R .'ﬁ. . 4) to attempt_to,examlne the 90351ble 1hf1uehce of such‘ .o l'

environmental factors.aS'watef°temperature and phyto-- S o

plankton dlstribution ‘on bacterial dlstrlbutlon. . S
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“ FIELD WORK L e ‘ . : .

.l.‘ Sampling Site - Co .. ‘ ';.,

i v-..’, i -

' The’ fleld worj( was’ carrled out o{;.c'/ Small Po:.nt

(47° 36' : 52°

the ea'st coast of the Avalon Penlnsula, Newfoundland, A

3

39' W) 4 adjacent to RObln Hood Bay on '

and approxlmately 1.6 km southeast of the Marine Sc:.ences
Research Laboratory (M. s R. L ) of the Memorlal Umversity

of Newfoundland (Flgure 1) Plank.ton tows ,we_re_made ‘north

. ‘fromxth‘ls s:.te, sometimes as. far as the southern limit

-

of Logy _Bay'. '“Work' was done in approximately 65 m Of

v . . ‘ B 9.

-

’ The sampling srte was chosen for: two- reasons. First,

it could be’ reached from Qu:.d:. V1d1 Harbour where the e

sampl:.ng boat was moored, in 15 to 20 mJ.nutes, so that

samples could be - returned to the laboratory and processed
the same day they were collected Seco_nd, this are‘a had

no= fresh water run-off and because-of the»lsouthward

- trend. of the coastal current,,was free of. the gross

2

pollut:.on assoc:Lated w:Lth the harbours of St. John s

and Quidi vidi. ‘”-'.'; E e . .

-
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o i . 24 S\ampling;‘.Pex\-.iod - . : ' \, : -f‘,,i - 7
] . 'I‘he sampllng was done 1n flfteen tripe, from - ﬂ
. Y September, 1972 to\ 'August, 1973. Trlps at two-week
J.ntervals’ had been\ planned but were not poss:.ble because ':'é u
’ | "of bad weather .or Ghechanical diff:.cult:.es wn.th ihe] a _‘ - R
'samp],mg vess'el.' .L.‘J.eld work' was done from ‘the M. S, R. L. B
launch "'J.‘eal" -exceptr"f‘er the perlod from March 21 to May )
- 29, 1973_;.5 wheh the ireeea'rch ves:tsel "Belher" of the College 5:4:1, ’
P *‘/ ,of Flsheries, Nav:.gkatn.on M‘arine.Engineerlng and :,':; PR ' -
h . Elelctrohlce wae use%i. - ) J : " . ,
.“‘h- ' 3. - ‘Measur'erﬁe-r_xts T . ’ : v R R E
On each trip, ﬁthe following operatiofis were carriea =~ - o .
@ , v o . e
(al ‘Water depuh determinations . - L e . .'f
' The depth of wat'er was measured wlth a sounding ‘lead .
run over a meter wheel._ A depuh xeccrd,was obta’i\n‘ed' “ ‘ ]
/ ' using a bathythermograph (BT) The water depth value ' v
. was used to determine the levels at wh:.ch water eamples :
c were.taken_and planktpn t,owe 'n‘\_.ade.” L ‘_,' SRR
, . (b) Water temperature determinatz.ons . S .
- ) . Texuperaturee from surface to bottpm were measu[red by | o
- mearas of a BT. ) A surface "bucket" temperature " ) '
. " . determinatldn was also‘made and used to correct the BT "‘» :
- " L o ' ' & . ‘

ey
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& ' (c) Other measurements /“ Tt
o A:Lr temperature was. measured and observations were
It . ’ r 0
- Loe. b S made on weather, wind force and di ectn.on, sea state,
& L S ‘ . L T ;
] L and swell.
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4, .‘SamplinguProcedures' . / Q o l,

£ / PR _Samples wer‘-e ccllected from ,three depths. ’ a"pprck- '
(, imately i1m below the surface, gpproximately 1 qn above
< ﬂ .“'- - the bottom, and middepth When the presence of a .t",‘\; i :-
, thermocline was indicated upon exam1nation of the BT

) ‘ trace samples were taken from this 1eVel rather than

a ] -

+ from, mlddepth Lo 3 ' B

S \ - S
E .. ) .' . N ' :" ) \ . '» R o\ : . R . .
“af . The .folloiwing samp‘lea were’ taken on each trip:

.‘g'(a)

Water - sampleb EQ: salinity determinat:Lons wers

3

Salinity sa.mples o . _" .

collected from bottom and middepth (or thermocline)
using a 1200~m1 capacity Nansen bottle, and from the
S . surface with a bucket. In the laboratory, speciﬁic

‘meter. The hydrometer readings ware then convérted to

salinlties using Seawater Temp_erature and Density

gravities' of the samples ware~ determined with a hydro—"

T, .wmw"ww*'*’“
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Reducticn Tables CZerbe and Taylor, 1953) - Salinity ~ 7o

data are, giVen in Table 6., Appehdix I._-"'- R
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ﬂb) Water samples for bacteriologyn

: :l .'.' . ‘~. e
. [

,.:

D : ”:3: *'\ water. samples were collected in sterile bottles "2,

\ ~ .o

:.ne:Ld in a, zoeeu sampling frame (z&sen, lSAla) . : :

mmediately the sample bottle was brought up .and

oo X -~
ef | . ™ \ . .

el o removed from the frame, 1ts stopper with attached

1-4
PR
A Y " \.

o Yo cl tubing was removed and replaced with a sterile Escher o _V‘“

. stopper. The bottle was then put into. a clean, dry Y

.

-" ..

o o . -

:;‘ji . -plastic bag and iced.until it reached;the laboratory,-
Coe R ‘ : - L P

3
+

o (cj' Plankton' tow sampleS' y f" A

Quantitative plankton ‘tows- were made using a- e

& o - -
: T " >

e Clarke—ﬂumpus sampler of l3-cm aperture, to which was’

be - o attached a No. 20- nylon nat chminal mesh aperture of co | e

F ' § O 0 076 mm) | The operating 3ppth.of the sampler was o

3 ) ' estimated from the wire angle (that angle made by the )
g _ "'i .. cablé with the Water surface), and the meter wheel n~f : '~ ;AE:
f ' reading. A separate ls—min tow was. made at each depth. |

? Plankton material retained’by the net was recoversd
2 by-rinsing the outer surface “of the netf with the ) h"_?.’ |
& o : collecting cup attached, in’ a\ggéhetfsi clean sea water., a

' o ' The cup was then carefully removed and its contents

: j?’ :°"L. poured intc a sterile jar.“ This'rinsing process was. ‘
fﬁ L A:'T.l carried out at least twice, after which the jar ,was capped
gg ,.'f , :“ a tightly and iced. .;}1_J‘i'f-;'ll,”,' ' ’: ;ﬁ“;‘$. *“i
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. * - - . Ll.- Initial Woxk = . ‘ A - o

1;°1'f K o (a) Culture media . ‘ ) i . A e

A4 : : Bacteriological data given in- this study axe based on .. -

“\'. - -j' " the culture plate teohnique.' ‘\bumedia were used for the

_; ,'h.' : culture work- yeast-beef-peptone-seaWater agar (YBP-SWA%-*.,_k 'Fnéé'q-L

4, - S .
S L - and 0.03% cetrimide egar, . the. compositions of which are, e 2
L given. in‘the Formulary. The YBPaSWA, a modification of 2

ZOBell's Medium 2216 ( 11, 1941b), was used to give an“
indication of total numbers of bacteria. The cetrhhide

‘ ' " agar was - used £01 total counts of pseudomonads, being ”'“:fiéL f
. ! " selective for these organisms (Noseworthy & Moskovits, ,.L.”j-}'”:
. Jp- ' .1?74). 'fi? oL 5\“w 3g:‘1 v; ..fii,." .3' "; 1'.“" .
P - . j; o All culture plates were poured 4 6. 5 days prior to f;f'ﬁi "
R B ) use and incubated at room“temperature.' They were then 1 ;
o vcritically examined for contaminatiOn using a stereoscopie. :.f
N ’.f' binocular microscope. The sterile plates were then -:A-f:
- "‘;.: etored in a cold room .to prevent exoessive dehydration. ’
- o R AR :'u S y.'”rz;i R S
' {if'_i:f‘ _l :}:(hlf Treatment of samples 'M”L;fi; ,;fl:f*"f;ki e L.."

-, - Upon returning to the 1aboratory, the water and

. ‘2' '-plankton tow samples Were immediately transferred to a ‘:f;;’ :
- . _1 'HJC°1d room (1t5 - 4 SC) All processing oﬁ the samples ;i‘ Aﬁ'
".Lf_;‘:-n.up to and including preparation of dilutions was done in ‘;ii;i
.gg."é w‘l.j; ﬂthe cold room.. Sterile 9-ml.di1ution bl&nks, prepared jii:;a: t':;: ;§
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.". : __— ! . - .;" " C . RN ' = <. ~ LT a
:;.j . el 'with paper—ﬁiitereﬂ (Whétman No.\ 5) sea wai:er, ware used'.' S -
10 : _.'7 ', Each water sample bottle was shaken .vigorously by PSR E
ST ‘» A Pt g W R
LA e hand for ori‘e minute. Tem ml of the sample were. removed A E IR
‘. .‘ _ o . \ e .u v . . .-‘:'.
AR and shaken for one minute before preparation of a 18 10 C e
IR dilution., T e T e o C
"‘-:l /'. ) ‘..‘ . ; » ; . -’A . - \ R . ’ ‘ ) ) v
;g,; S e .*I‘he plankton tow samples were tréateﬂ' in a different
S -mannerv. : I\fter ehaking;,each ;'sa’ .e jar tnoroughlgh for on\e
" e minute, one-haJ:f the cont nts ‘oured into a sterile :
E . ' - Waring Blendm? cup -and g;:ound l.\lp for on‘e minute.. Ten ml B
A wera then rembved and ausea to make, di&utioné of 1:‘10, « <f
o ' 1. 100, and b 1000. : The remaining haif oi each“sample Lo
; .‘: X '_ wes preserved with sufficient neutralized formalin to N
W o give a final cqncentra{:ion of 4%, and{ set aside for. v
- ' subsequent exa.mination. ‘7:7. ' AT :_‘ ‘ Ce T e T 5
) ; The samplea were ground up Qfor .two reasons.“ E‘irst, -.
: ’ 'more accurate dilutiohs could he- ma‘aej: with finelyv ground
. up plankton organismﬁ then wit-}i 1@rge, :Lnt»act ones. ,
Uty Second. more acourat;e plate ooursts could be obtainea once., N g )
PR B the baoteriql clumps were broken up and {:he baoteria o
L diSqused. Lo i l»'".:: ';f : T .' ’ "4'“.-
T ' , T S nah T RS S
‘. ; ._\‘ L. %x . . 'v .r et W .,‘:-‘ L K - L .:'-¢!
A Increasea in tha tempe-rature of“ the plankton tow- _ _’:} ‘.
0,':' ..‘—\ )
. - . ~-. ot * :.\‘5_“\
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! in a, freezer for at least 24 hr- before use This:prevented ‘ '
li"? T temperature 1ncreases“great‘enouqh to kill the ‘bacteria | o i
R R (ZoBell & cOnn, 1940)._ o o ) L S PO

'? . .; "f~,, - (C) Platlng techn;que o ) f'- ; . ,1-':. ."'%;;. = o
:; . o ' f Platlng was carrled out uslng=the spread plate ) A )
.i. 3'." ' ‘”technlque of«Buck -and dleverdon (1960), who found that 1t - :c‘_ P
-%. ) R gave thher bacterla counts than‘dld the pour plate method.» |

f“ ‘n Portlons of the raw samples,.dilutlons and controls R -
?é" 27';y: (sterlle dllutlon blanks) were plated in tripllcate,'on ' :

iii N YBP SWA in. the cold. room, and on both culture media. at 0‘\1' } -g

.E l’ ] e o rooﬁrteﬁperature.r The dllutlon blanks &fre shaken for._x' .A ’

: ’ . " {. at least 30 sec before the 5 l-ml aquuots were removed ..; ‘ [
“;h SN © -from them, de9081ted on the surfaces of the plates and ‘ -
% hh' o _l: spread w1th 1nd1V1dua1 sterlle glass s;readers.:i: C '“,"'fg ‘1.,

3 ': ;f. S f (d) Bacterla counts - ) ;h
' ‘ - The plates spread at room temperature and those spread .
- 1n the cold room were lncubated at 20C and 1, 5 *»4 5C, a -
‘.3respect1vely, for 3 weeks.. At one-week intervals, the L. . :! )
' T 'itotal numbers of colonles .oh each plate were counted '-.'z-h..' . i
o ' ) ' A stereoscqplc blnocular m1cr08cope,,which greatly | |
) ) facllltated the countlng of the smaller colonies, was z' e r ;
'?_; “‘;ff'<employed., Due to the very low numbers of bacteria found :'. x
A ,:ﬂ' ..}“7"1n the seawater samples, counts were made ‘and retalned ) " A
‘é.“;p"_ :;:'even on thbse plates which had Tever: than thirty colonles.,, L
o | .~W1th these exceptions, the counting procedure conformed to |
»: ) . E o .
4 N . , 2L .‘« « 0 - ‘
' "".;: , . ¢ h .
r‘ﬂ R M L HE : i \
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Co . c T -12- AR . ’
v N . - . , o l
‘of ~ " .; i _‘ . ) ) . . . . L. : ) ‘.,‘ e v.c‘ ..
B n - .that glven in, Standard Methods for the Examination of Water g
N S
5 . <@nd Wastewater (Amerlcan Publlc Health Assoclatlon, 1971) X S
; - . - . . oL . ' P

- ‘ c - : . - ~
.2, Isolation of Possible Pseudomonads . ) - 2.

n o ) Aftef:the§flnal.eount,'each plateiwas-ekamined for the, - -
o : ,~;.A presence of,non;spreading eolonles, either‘non—chroﬁogenié o .
. e ,;:‘ -or hﬁvihé 4 diffusible yellow-éreen pigment.,’ These weré . i, L :
3' A ;egarded as possible: pseudomonads. ﬁlates.ﬁitn noA ""f-' ;f o h
_; S o ooloniés of thiswtyp€'or'with‘oolonaes crowded'eo.cioeely" - | 3
;4. . g together as to, make_lsolatlon .of ind1v1dual colonles . ' .
“g ‘ . dlfflcult were dlsca£35d The procedures used to 1solate
] . ‘
"g - . ﬂ'f ' colonles from ubth medla are shown schematlcallv 1n ; . df .
@i' - _ ;IFlgures 2. and 3. .a' 1 - '.~'I jn_ i P R
1% £ : : . N 3 N P . i ] .
- = ‘ . - -(a) Iqolation from cetrlmloe agan_ , .
?j‘ | S ..;{:' Tne'number'pf.possible pseu&omonad'colonies;was noted. ) .

Allltﬁe colonies were not isolated_as~tﬁis'woulﬂ héveA' ' o 1(\
2

: ylelded too many 1solates ‘ta work w1tH Generally, 1f S . : -I%f
;  _".-*' : ‘there were less than ten such colonles on ‘a plate, all S f '

. ";were 1solated; lf ten or more were preaent, only flve‘ : . A
ﬁ S colonles, chosen ‘at randoﬁ were. examlned T U B
; e ;éo'éetetmlneiﬁhether:or not %he'cnosen oolonies were . - ;?
E, l;qm IO .puge'cﬁltufea,.eaoh'&as streaked out to éivenwelleieolateq h;(' o ?E
l L -coloniee'on‘YBPASWA. Bfter good“érowth‘was°obtained, one ) ﬁ‘
i N S colony wae picked off ‘and. the proceﬂs repeated ‘thls was - E

f ) e contlnued unt11 all the colonies ‘on the plate appeared

-
v, . . .
% o . N ol
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identlcal. - A well-isolated colony'mas then transferred

to yeast-peptone seawaier broth (Yyp- SWB) (See Formulary)

. =,  and, after 18-24 hr anubatlon, a Gram staln was done. -

_Gram-negatxve rods were transferred to YBP- SWA slants and

»

'after,suff1c1ent lncubatlon to. glve heavy growth stored
“in the cold room until further tests could be done.,

Gram=pos;tive,cultures were discarded.- Throughout_the-

-isolation procedure, all incubation was at 20C.

« (b). Isolation from YBP-SWA ' -

o ol . " - .
One manifestation of the communal growth response

E}

phenomenon,'described by Roth Stlles and Clegg . (1972),~

. ‘v

18 that the numbers of colonles“réco&ered on selectxve

media may be greater when the’ 1nocula con515t of masses

.

of bacteria than when they are 51ngle cells, as is the

. case in dlluted materlal. Thls means that -it 15 .possible

v 4.

‘=ithat more pseudomonads, capable of growth on’ cetrlmlde,

N LSS -

‘were present in the samples than the nnmbers growzng on
.the cetrlmlde agar plates indlcated. Therefore, it was_
declded to 1solate and 1dent1fy probable pseudomonad ‘

e ‘colonies from the YBP-SWA plates as well as from the

1

cetrlmzde agar plates so that, for each sample,

'comparlson of the numbers of pseudomonads isolated on

both media could be made. . A L - o | "— ot

'Thgse.YBP-SWA plates~xitH:discrete:ahd'wellflsolateﬁ

L * . . . T . [
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, ", . coleonies wére replicated to cetrimide agar using -the - e

: A R
[ © . - Lederberg and Lederberg (1952) replica-plating'technique.n

) éﬁ o - Plates havingA"spreader“ colonies, molds, or colonies,

~:T%%"'t' oo crowded closely together on aR§/part of the plate were .
g ) . : not’ replicated. Instead, ten randomly—chosen suitable :

1 ﬁf ’ ’i' oolonies from each plate were transferred to tubes of "o ‘ .

i;QH“: YP—SWB, and, after 72-hr incubation, spotted on cetrimide . :

:f o agar with a 2-mm loop.x Both replicated and spotted plates

;é ' ;: - were incubated and examined at" one-week intervals. ‘When

?? BT _ growth occurred, the colonies were streaked out on’ 5. o fi

plates ‘of YBP SWA and the isolation procedure continued
:; . . Lo as described'above‘ If: no growth occurred after 3 weeks,

o 71. the plates were, discarded and no further tests were “done

. o ‘. " on the original colonies. All 1ncubation was at 2OC. l: Ai‘

- v . . G
‘ . 0 DRI . . 3 o . S
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3. Identification-of thevIsolates
- L e -

. P 13
' PR . *

Sufficient characterization of the isolates to identify

them as either pseudomonads or non-pseudomonads was v

level was pOSSlble.- The isolates were identified by’

' following the scheme shown in Figure 4, based on that given
by Scholes and Shawan (1964) and modified to conform to

o .“ - kthe revised taxonomy ‘of Gram-negative rods given in

i - ' Bergey s Manual of Determinative Bacteriology (1974)

e

The fluorescent antibody (FA) technique was-used.as an

l"'

. . st .
T .o . . ' ..
{ . . s _
'
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W ryge
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carried out, In most cases, identification to the generic~ . : ﬂi,
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. . Figure 4.

Scheme used for the identification of . .
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adj'_unct ‘tothe conventional identif ication methods.

3

.(a) ’ Biochemical .teste

' ~Formulae and methods of preparation for al’—\edia and
test reagents used - are giveh in the Formulary. The -
-incubation temperature for all the tesits was 20C, unlees

otherwise specified. .The followmg tests were performed.:'

© . (i) cram react:.on and morphology. '

. : C Smears of 18- 24 hr cultures in yp- SWB were made and

Gram—stained, then were examined for gram-reaction and
s s
cell morphology. _ Cell dimenSions based on measurement
8 +o ) - u. .
.of e-t-—-.‘:mt-—& cells per . culture were recorded. )

) (li) Oxidase teet-

A modification of . the m thod described by Steele
(1961‘) was u‘sed. A 7 day ‘cu ture on YBP EWA was tested by
' touching a capillary tube containing the oxidaée reagent

_to the centex of a colony and ’noting ‘the t:.me required for
the colony to turn ‘purple, At least five s:olon:.es were
tested pexr: plate, a frésh capillary tube being used for

. each colony. The’ average reaction time was calculated and"
the oxidase. reaction of the culture determined according
to the following ecale- AP o ':. s f " - :
Reaction in 0-10 sec; R Positive -
React:.on An’ lo 60 sec | I Delayed poaitiVe

- S No reaction in 60 sec. S e , .' Negative..h-,. h

PR R . . . N

A
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a 24=hr- culture in YP SWB . 'I‘he :.ncubation temperature was o

through ?P-SWB, e T ' T

- » . B
e I . K . . I . ot
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SN CLEON Mot:Ll:Lty

»

"This was determined by phase contrast examinatian of ~

) lowered to 15c for those cultures found to be non-motile

at 20C. Before an isolate was regarded as non-motile,

wet mounts were made -and '_exemined following’ each of four

successive transfers of the culture at 24-hr intervals

1

(:Lv) rFlagella., ) . - . o Q

o Eighteen to twentye-four-hr YBP- SWA slant cultures of

. those isolates found’ to be motile were stained (vith BBL-

Flagella Stain,‘ using the technique outlined by Leifson

(1951)

() Dissimilation of gl!.tcose

-
Ter

Bacto-MOF medium (Difco) was used with the technique

of Hugh and Leifson (1953)

(vi) Production of gas from glucose- I SR

o

Durham tuhes were used in tubes of basal medium, the .?.r- _

composition of which was based on that of Hugh and Leifson

_(1953)., Glucose to give a final concentration of 1% was o
. addea. . L, '. . n. - ) ’ ' e
(viii\ Sensitivity to antibiotice- - E e LT
, . The following antibiotics were. used- penicillin, ' , |
2. 5 *I U (Bacto-c.oncentration discs) 'and 10 I U (Bacto- N '
.":'_' o - ,;&-‘_
€ SEEERCED AL

) - - . L . - ‘
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A

- ‘ The method o‘f M¢ller (1955) utilizing arginine, ' -

i

. M ,._ 2ol : R - — - ;._,_ | f
) . - “ o ’ - ’ ’ ) .' ‘ ,
T sensit:.v:.ty discs) ;. no.\’roblomn,. 5 mcg (Bacto— . . -
N sensitJ.Vity d:.sc's), and 2 4'— diamrno - 6, 7 - diisopropyl -"
_-\‘:' . pterid.iné (0/129) prepared in: the labora”ﬁary.. + " - R
. . .. . o . o . e : " : ‘&
. . The surfaces of plates of, yeast-oeef—peptone— o B s ;'
. synthetlc seawater- agar (yap SYN-SWA} wekta swabbed with T
' 'turbid broths (3- 4 days growth) before the antibiotic A ) ,
.discs were pressed fJ.rmly onto the plates.' The_platep ’ |
' . Wwere read 'at 48—hr intervals., | ‘.
° - (viii) Arginine dihydrolase-- ' | ' X
. The method of Thornley (1960) was used. - ‘ '
AR " (ix) Decarboxylase tests:’ i ..

1ysine and orn.zthine was followed..l ‘Bacto—Decarboxylas’g_
c _Bae,e‘Moell.er. (D‘:.fco) was ‘,153‘1.- . ‘ﬁ I ,,f.
: '(:g). Production of fluorescein- . - :..~ - ‘ I(
. Bicto-Pseudomonae 'agar F was used., 'I‘he technique R ‘ "
- of King,*Ward, ‘and -Raney é1954) -was followed,. and the’ \ . o ‘; e
, :_.i~ platea were observed in -the dark under sliort-w;ve '3. a . | ,
. ultraviolet 1ight. ) - o ST e R g S
L '(xi) Production of pyocvanin~ g

b <=

B Bacto-Pseudomonas agar P was used. v el . . , _
. ST , e, v . . e )s'.-
. . : i : ) .‘ S e . i }i;
RS (xii) Growth on. ﬂ‘fesh water medium- SR e %
a- . L S : '.'r,’f
o Three-mm 1oopfuls of turbid (3 4 day) broth cu'l,tures AT %
' - . . . . ] ) i o ) . “‘;"’:
s ., s i.:,“

) : . \ ' - ;

S : L N L e
. ¢ 1. .:"ﬂ:l . "". ‘u : ] ;.

“'. r . * \ v M . _‘-:s_". I, :'i L i \ l \‘.,‘ 2 , N .:;.‘ :




or

.- .
R

: were inoculated onto slante of yeasthbeef—peptone—fresh water--

. { agar (YBP FWA) These qere incubated fOr periods'up to four

weeks and examined at intervals for growth.‘, v§-‘ ijAA-
X e

- N . R - e

. P - . .“ . .
.o - . 'l'._' "‘T..;

(b) »Fluorescent antibody technique

The tentative identifications arrived at by meane of
the biochemical tests were verified by the use of the
indirect fluof%scent antibody (%n) staining method. lgf.“

» 7 ',

S C Jo . o‘v'A I o

R

The procedure of Moakovits and §%elache (1970) Was used o

for ‘the production of antibody to Pseudomonas flubresoens

&;(ATCC 13525, neotype strain) The concentration of cells

fobtained for immunization was 4. 37 - 4 S/k 109 per ml by

-direct count. L .';: SRR “;ﬁ"{. . ‘{,_;~_J
o : ‘ ._--tmi,'a“:.xiag;x;

° N
L -.'- %

' Five NewAZealand White rabbits were immunized f
lsubcutaneously for the production“of immune serum, and two
were used to produce normal sera. The animals re eived K

injectiqns per week with‘a 2 day rest period between weeks.'

- e Yo o

' Phe dosages given were- ‘ 0 2 ml, 0. 4 mly 0. B~m1 L. 0 ml,

°

"1 0 ml, 1 5 ml' l 5 ml, 2 OIml' 2 0 ml,—-3 0 ml,‘3 0 ml 5-.0 ml

~
LR T

of antibodies to P"fluorescens a\Eigen. Using ths tube 1:

ey

:~agglntination method (Evans, l957),zero titers were obtained

in all cases.1;*‘ﬁf'¥19¥Z:?.iiﬁ‘f'}ﬂitlﬁ:ﬁ

Prior to immunization, each rabbit was tested.for the presence Q.;’

-\
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v‘dlluted and werevfrozen untll used '. . .

fland Bacto-FA mountlng fluld (both pH 7. 2) were used for

..
-]

‘. ‘. P
o - .t . .

‘
'
-
-
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A S T At
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N )

wére.madél Antlbody tlters of 1: 640 to 1:1280 were "found.

°
.

4]

.

Ear veln bleedlngs were made 2, 6, 9 and ll days»later,

S : v oo Lol
W1thout reductlon in t1€ér.- Sera from the four bleedlngs . .o Lt
: were pooled and fllter-sterlllzed B N - - ) h
. f . * . Y ) b
~ '/ .o v > N

~

The procedure of Cherry, Goldman Carskl, and Moody

(1960) was used for the fractronatlon of globullns from

4

N . Do £
r )

+

4

‘both. the 1mmune and the normal sera and for the. oA, _

performance of the 1nd1re t and control tests. The

proteln contents of the lmmune and normal sera,

determlned w;th a Bausch and Lomb serum proteln meter, R

I\ '.-‘ o . . ot

R were 3 B and 3.5%° respectlvely. -The globullns Were not'

L
>
=

._( §
'

Tia L. R .
.

Do) All stalnlng was done.ln m01st chambers at room - AN

v w I‘ " | {
temperature (20 25C) for 30 mlnutes.' Bacto—FA buffer‘“.' B ;
N T \ . . ,

(r1n51ng andvmountlng the slldes. The labelled globulin

used was'Bacto-FA rabblt globulln antlglobulln (goat) < T
. . , Lo ST . a . >

- o _. . . . . .
. < ' . .o ¥

From 48 hr slants of each isolate, flve Bmears-were ° L %

made, alr-drled and flxed in 95% ethanol qu gmears
.were stalned w1th both unlabelled immune globulin and
1abelled antiglobulin. Two were ﬁsed as controls, oneh
IW1th unlabelled normal globulin in plaCe of unlabelled :

1mmune gldbulin and the other without unldbelled ;mmune

‘;globulin, both follbwed by labelled antlgIbbulln.; The N
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Figure 5. Flow-diagram for fluorescent antibody staining.
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2‘ o .. . last smear, used to detect autofluorescencevnwas pro- - . ?E
i;’~ : '3 . cessed W1thout the use of globullnsu i flow dlagram' f | . %
N ) for the stalnlng Procedures is glven in Flgure 5 S ,.'?, ;;

. - "As soon as they wére‘prepared, the slides were

,examined with a binocular Zeiss Universal micrdscope . ' ¥

: .1 ) equ1pped w1th 12 5X w1de £1eld eyepleces and a lOOX 011 . .'u, S

C . immersion objective. A brlghtfleld condenser (N A. = S
= B , . ‘o

1.4) was used. The 1llum1nant was an Osram HBO~200W . ' ,

. ‘mefcury Gaﬁo: lamp.

A QG—l (3mm) exc1ter fllter, a- - . o o i

) i ‘BG~38 red;absorbihg.filter, and .a No. 4l barrier filter '

| _ 'vwere'used, S T :
T I Fluoreseence_ef the organisms was rated as follows:. -
AR . . o
- 4+ 7 Brillant yellow-green color, very sharp oL )
N . »
. ’.'; ~ 3+ Brlght Y3110W-green color, sharpnand clear -
- 24 Deﬁlplte fluoreeeence, eoldr defigitely“yelldw- _ ,
« o B 'green,,but of low ihteﬂeity : o . &5 ' m;).ﬂ . “ K
» ' '1+ Definite fluorescence, solor gon—desc;iét} hot ‘ R 'n: \f" ;
definite greenle IR ‘ ‘ B A '
) .; . + Borderllne reactlon betdeen l+ and 0 reactlon' '-\ - . ’ '
.+ 0 No fluorescence: | ::' . o E u-‘? o
’ . Thls scale was used by Mdskovits:and'Foeleche (1976);\i ';n ' k“a ;
| /
. ‘ R '. 3



VI Y - . - .
" ’ /

. v .
A ) JEERY 0 ~ I} '™
RIS (T DL SR RN S it A R Wl ek s o et MIY‘*?‘WL .h* ety #.

RESULTS '

TEMPERATURE =~ . .. o o T o F
. SE L g _ R

. . . L.
\ . o

“The water temperatureS'at the depths sampledron4. R ‘-'3 S
‘each trip’ are shown ln Table 1, Appendix I. Figures h _; . -
7 and 8 show the temperature changes whlch occurred .

for the surface, mlddepth and bottom, respectlvely - e . S

i,

Pl

From September 12 to January 25, the surface .

water temperature fell from 13 0C to ~1.0C. _The'

o Koy

,temperature remalned at -1 OC untll March 21, .rose to"
0.5C on ‘May 15 and May 29, and then, 1ncreased steadrly
‘to~l4 OC on August 10, The varlation from mxnlmum '

(-1. OC) to max1mum (14. OC) temperatures was=15 OC.~

These data show the ex1stence of an annual cycle of

"surface temperatures w1th maxima 1n 1ate summer (August —‘:'
September) and mlnima in uqhter (January - March). .‘ A’i' ﬂ'; '_'-f

N N - . ; . e

The middepth (thermocline) water température fell ‘ /‘--.' oo
,'contlnuously from a maximum of 11.8C on September 12 |
to -1. OC on January 2d where mt remained unt11 June 13‘
The temperature lncreased to 5, OC on July 10 fell to
2~8C ‘on July 24, and rose agaln to 5 5C on August 10

o

"The dlfferenoe between mlnimum (= l OC) and maxlmum (11 '8¢)

© -29%"
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temperatures was 12 BC ‘ The cyclic nature of the middepth i' . ‘f
.temperature regime 1s Stlll ev1dent but, due to the low
temperatures rECorded in the late 1973 trips, 1s not as' e

pronounced as that of the surface.“”_ V
From September 12 to October 24, the bottom water

'temperature decreased from l 7C to -0 6C, then, on ..

November 23, it rose to an anomalous 3. OC, the highest

AN

bottom water temperature recorded _On January 25 the
' temperature fell to’ -l OC, where 1t remalned until May ot

29 before dropping to the minimum of -2 DC ‘on June 27 ‘ | '1 zg
:The temperatnre rose to —l 2C on: July 10, decreased . | | ‘
—slightly to —1 3C on- July 24 and increased to‘- 8C on.
'August 10. The dlfference between mlnimum (- 2 OC) and j L .';'-};
maximum (3. OC) temperatures'was 5 0C ) There ‘was - llttle f-j"' RN

a P

‘ev1dence of seasonal variation in bottom water temperature.

Ddta in Table 1 alsq show that,. Wlth respect to
'temperature, the water column Was homogeneous frOm top to.
bottom from November 28 to March 21, and nearly homogeneous
on May 15 and May 29, (top,to.bqttom~temperatureid1fferences

were 1 SC) ' ' T '_ ' uf:ﬂ.'ul' L .‘1 _ : ‘ N

The trips made in. September, on October 24, and from f
,June to August show that thermal stratification existed. ‘
’ Data on the extent of this stratification is given dn

'Table 2. Appendix I. This began at depths below the f'fi
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surface ranglng from 5 to 22 m and showed thlcknesses of

5.to 15 m.. Stratlflcatlon was most pronounced on . ' - Ce 5

He" . - E‘:

' September 12., July 24 and August "10, which showed a r

temperature change of 0.8C-per meter of -thermocline - w - e

2 't‘iepth.. o e - o BT .

., . SALINITY '

W ' ' ’ X _ o

: Table 6, Append:l.x 1, shows the sallnlty changes wh:.ch ‘ f

: P occurred during the sampling period at each of the depths . A

sampled Sallnlty values ranget?. from a mlnlmum ‘of. 31.4 /oo '. ‘ ‘ .o
on August 10 to a maximum of 36 3 /oo on J‘une 27 for ’
E ,surface waters, from 3.14 /oo on August. 10 to 35, 7 /oo
< . on January 25 for middepth’ (th,ermoc;lne) waters:;; and

* from 34.5: /00- on August 10 to 38.5%/00 on June 13 for
. . . Te , o ., I’} : ) .
bottom waters. Generally,_' salinities -increased with’

-

o N Lo o
increasing depth.- The values obtalned are closely P ’ -

s . -related to open ocean salJ.nJ.tJ.es, which range from'

. \

33 0 /oo to 37.0 /oo (Fairbridge, 1966) ’ and reflect the

b -

absence of fresh water runcoff 1,nto the sampllng area. ~ B a

' TOTAL BACTERIA COUNTS @ ' o o Lo
' . R LT
‘Table 1, Appendjix II shows the numbers of bacterial °
' colonies groﬁing on. the YBP-SWA plateés- spread with

undiluted sea water. for each trip. Aall obun'ts_‘weref
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fplankton tow samples, after 3 weeks incubation.

. YBP—SWA follow1ng 1ncubation at 20C and 5C,'respect1vely.'

compare the counts per liter of plankton tow based on. Fo o .?
: A20C_incubation.WLth those based on 5C ‘incubation. for

,surface, middepth (thermociine),.and'bottom,'respectivelyl"

statistically uSinQ tbe'T'test'for paired observations. ‘
. Appendix II. The. null hypothe31s, that the two 1ncubation-(}.‘
'temperatures produced no difference in bacterial counts,

,:was accepted, even using a level of srgnificance (¢) ‘of

'0 10 This ‘means that the results provide no ev1dence

.of bacterial colonies.

surfaCe plankton tow samples and the surface water

-

-32- . ' .' ) . ' . : "‘.l

i

extrémely ldw and in 211 or 78%-of the 270 plates,.no
colonies were produced Because of 1s, all quantitative

[

bacterlal data were determinedxfrom the counts made-on the .

~Tables 3 and 4 Appendix II, give ‘the total numbers of
bacteria per 1iter of plankton tow based on growth on’
The calculations on which these numbers are based are .;'

prov1ded 1n Table 2, Appendix II. Figures 6, 7 and 8. - BT A

ﬂ

-

The 20C and 5C counts per liter were compared

N .
¥y ° D )

,

The. calculations 1nvolved are prov1ded in Table 5

-

that either incubation temperature ls more favourable- ..

15

than -the’ other 1n allowing the growth cf maximal numbers

ot - . 1

Figure 6 shows the numbers of bacteria per liter of

e . . . . v
. . « - .

-~
N
} |
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. ‘ ) o - .plankton.tow for the 4samp1i'ng period, . . .
September: 12, 1971 to August 10,1972,
4 Co on YBP-SWA' at 20C and 5C incubation.
i. e . . . L . . oo ' - - " ,
. Bottom: 'Surface water temperatures during the
‘; ' o ‘sampling period.
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: ; ‘plankton .tow for thé sampling period,. . ... -
oL -+ ' September 12, 1971 to August 10, 1972,
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temperatures recorded for each trJ.p. The ZOC counts
' ~L ' ranged from a ,hlgh of 1, 932 per 11ter on September 29( to"
‘ 'P A low of 16 per llter on May 15., The 5C counts ranged L S,
C from a max:.mum of -4, 329 per l:,ter on November 23 tora . ‘ .
o mxnlmum pf 23 per llter on May 15. : 'I‘he hlghest counts
‘.‘,- . at bdezh J.ncubatlon temperatures were found from September ) .
' . . to Nove'mbe.r when water temperatures were fall:mg (13 OC
S '\' to 3C) - Except for: the small 1ncrea,ses J.n bacter1a1 .
. f _ numbers on May 29 and Ju,,ne 27, counts at. both 1ncubatlon
)“ o R ; temp’eratures for the remainder of the sampling penod ) :
' SR were low, not only when th: wa.ter temperatures were r L a ."-
‘ lowest ( -1, OC to 0 SC) f;r:om Januar}} 25 to May 15 bt .
:'j_{ ‘ . also from July 10° to’ August 10 whe'n water temperatures '."
v ." were 1ncreaslng, to thé maxlmum (ll OC to 14 OC) -The N
:f_‘:' ] . May 29 anorease was assodz.ated wj:th a low water -
. \' temperature (0 SC) g while the .l\;ne 27 1ncrease=occurred
"' ' DU . .’ Numbers of bacter:.a per llter ‘of middepth “(£hermo=-,
*E :«‘."“_" S _’:"',; ellne) plankton and mu‘idepth (thermocl:.ne) water “ ‘ . )
fg . | temperatures are shown in Fxgure 7; At 20C 1ncubat10n,
% A :_. ‘ t;le oounts per llter ranged from a h:.gh of 2 573 'on June
) 13 to a lgw of 18 ‘on: May 15 At SC incubation, the counts - .
’ ranged fronx 3' 257 pgr liter On June 13 to 65 per liter on | é’

August 10., For both :mcubation temperatures, two max:.ma - ‘

e

) a larger one on June 13 and. a smaller .ofie on November 23 -
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: ' ' ~40- , . L
o B '“- "were recorded .T?e June 13 maxzmum occhrred at the lowesta .
water temperature (~ I. OC), the November 23 max imum occ%rred N

. . . B ,Rv..
© ) T when the water temperature was ‘3. oc. . -0 i

.
1

; Bacteria counts per 1iter of bottom plankton and .

>

bottom water temperatures are shown in Flgure 8.-" The

20C counts ranged from a high of l 414 per llter on - |

’

September 12 to a 1ow of 41 per llter on May 15 ;and
di.' the 5C counts from 2 751 on November 23 to 140 on |
February 6 Peaks of approxlmately the same helght

for.the 20C countS‘occurred on September ;2<and 29 and on
. . LI Id M . . . . . . .|‘ :

June-é7-' For the 5C. counts, a 1arge peak oécurred on’

November 23 and a smaller peak on June 13. Although;

Y

tﬁ% September and November hlghs correspond to the i
) . " T LY

o " hlghest recorded bottom water temperatures (1 7C, 1.0c,
and 3 oc, respectlvely) the June peaks occurred when

. o " water temperatures were lowest -~ 1 5 and ~2 OC)

s f SR In examlnlng the bacterlal numbers obtalned at both

", . ii'* ﬂ-’ 20C and 5C and e water temperatures observed nO'clear

r T . ~ - L«nu QstmaAor.haqh,~,

b RS ' relatlonship can be- observed. Lewxbacterlal numbers were'

g T

A y (.

—_— found at the lowest watek temperatu;ea,.k‘!. '_f- S

o

",
2

tempeéaﬁﬁree; On the other hand in early September and~ C .

“from July: to August when surface water temperatures were v

highest, bacterlal numbers were low or very low. .

. '
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‘Temperature~-wise, in goingﬁfrom surface to.middepth

(the;mOCline) to”bottom'waters;'one.passes from'a'pro— o

nounced cyclic pattern, to a less pronounced cyclic .o

pattern to,a Situation, in the bottom waters, where

’ [

water tempeqptures tend to. be uniformly quite low:’

- .
S I v'v [

throughout the year. - c L r e T

Tﬁe'surfacé, middepth (thermocline) andLbottom Eounté

of total bacteria per liter ‘were compared statistically

uSing the;T test for paired observations. .The _' o

- calculations involved are given in Table 6 Appendix

.

II. The null hypotheSis that different sampling depths

‘"produced no difference in bacterial counts were accepted

-

. uSing a level of Significance GL) of ‘0.10. .

os
1

~ %
L]

IDENTIFICATION OF: ”ISOLATES

.'z . °

Ame

Tables l 6, Appendix III, ‘show the characteristics
fdetermined for those genera to which the isolates examined
were aSSigned.‘ Identification to the speCies level was

not attempted. More than one‘“type of each genus was

identified these' have been given the arbitrary ', l-.h%

deSignations of Types A, B and so on. Only 20 isolates
falling into two distinct groups, could not be identified

- to genus according to the scheme ‘used and S0 Were

deSignated Unknown A and B.,A

R RGTIR T TR~
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None of the J.solates stud:.ed were able to grow. well .on

5

1

S e
o e -

freshwater medlum.

4

. ‘The range of cell dixﬁénsions and morphology for',the

' ' © genera isolated are given in Table 7, Appendix III. -’

\
it . . ; - .
s . . .

L o T Table 8, Appendlx III g:.ves the results of the .

I '- S fluorescent ant:.body stalnmg. Those rsolates
1dent1fied as .pse_udomonads generally ga\'re brigh‘ter .

Ifluo'rescence' ‘than thOSe"‘reoardedas non-pseudomo'nn'adsv.'» .
Group Iv pseudomonads generally produced less 1ntense
fluorescence than did those of Groups I and II Three
of the seven isolates" de51gnated Unknown B showed a '
maxq.mum fluorescence .equivalent to that shown fby Group
IV 'p'seudon‘tonads. -Autofluorescerice. was not -observed with

.~any of the isglates.

.. Altogether ‘2580 cultures (1321 :Lsolated from samples

(3

‘onto cetrlmJ.de agar) were. 1dent1f1ed. Only 391 Jof.. these

- R . wEre non-pseudomonads.° Tables 9: and 10 Appendlx 11T,
g : -"glve the breakdown, by sample, of the dlstrlbutn.on of the
:s o pseudomonad and non—pseudomonad 1sol-ates, respectlvely._.

.- o \ It is poss:.ble to make compar:.sons between the numbers of ‘
:,\ . - Group ‘I and ‘II pseudomonads Lsolated on any trJ.p. However,_
iil; . v X simllar comparisons.lnvolvinq Group IV pseudomonads and o
}‘L ' ‘ ; . '»‘ non-pseuglomonads ‘should not be‘ nade as cetrimide, which is

. ‘ W)ﬂWf}WWewrmquwmﬂff )g_ilb “'1”!' *ﬁ:&" i ’*’

i - plated onto YBP-SWA and 1259 lsolated from, samples plated -

»

.
v
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known to lnhlblt the growth of these organisms, was used .
1.

in the isolation procedure and, therefore, isolates 1o} v i

PR PR TR

identifled_may be regarded,as-exceptions and not

i ©© - -, representative of all the Group IV pseudomonads and non-

pseudomonads present.- There are no data on the 1den£1ty
[ . .
of the organisms present in the samples which were N

N R e

uhable to grow on cetrlmide. o ' : ) .
. o [~ . .t

1,e oow
FeTma L

e BT
) 3

PSEUDOMONAD COUNTS,

b ' . l-_The.humbers ofipseudombnads per liter based On:

. ‘u ‘ o éounts'of poSsible'pseudomohads‘made7on YBP-éWA and

: .'i_ ke - cetrimide agar are: glven i Tables 2 and 3 respectively,

é, , ;A': . Appendrx v, The calculations lnvolved are given in-

v T Table 1, Appendix Iv. No values are glven for the trips

b «'."' . \: of July 24 and August 10. -After 1 to 2 weeks incubation, S

large numbers of molds appeared on the original plates

‘of "all samples taken on these trips S0 that, although E

\

total counts could be made on these plates, no igolates . S h;';

“* . could be taken from them. SR oLt o . ' .

N e . N

Usrng the T test for paired observations, counts -9
of pseudomonads per liter of planktqn derived from R

YBP SWA. and cetrimide agar plates were compared The . “ - *"

«
\

S calculations are presented in.Table 4, Appendix IV.

] "

Even with a level ‘of srgnificance (&) of 0. 10 the.

‘

. - wnull hypothesis, that.there were no.differenoes in the8§e' "El‘lﬁ
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two sets of counts, Was not rejected There 1s therefore,

' .no evidence that more pseudomonads can be recovered by

A}

'1solat10n onto-NBP-SWA_before ‘transfer to-cetrlmldelthan xl

‘.‘bx direct_isolatiOn onto cetrimide. '’

‘

Flgure 9- shows the numbers of pseudomonads per “liter

of surface plankton and the surface water temperature. '/)

A

'I On YBP- SWA, the counts per- liter ranged from a hlgh of"
'865 on September 29 to a 1ow of 1l on: May 15. The, '
7cetr1m1de counts went " from the- maxlmum of 650 per liter -

",f-n “on 0ctober 24’ to, the minlmum of l Der 11ter on May 15. .

nghest numbers on both medra occurred 1n the autumn
when water temperatures were falllng. A. small peak
Aoccurred on June 27, accordlng to the YBP SWA counts,:

- but the cetrlmlde oounts showed no 31gn of - a sprlng—'

summer maxlmum. For both medla, lowest numbers were

'

: recorded durlng the perlod of 1owest water temperatureg'

but the - low. counts for July 10 corresponded to a h1gh

“water temperature. ST e o
o e o
Lo

I Pseudomonads per liter of middepth plankton and
‘ mlddepth water temperature are shown in Figure 10. -The
uhlghest cohnts per llter,,l 013 ‘on YBP-SWA and 801 on

’cetrlmlde were recorded on November 23 'whlle the lowest

3

e countsg 9 on’ YBP SWA and - 7 -on. cetrimide occurred on May

R I

15. - For both'media, promlnent peaks occurred on November

23 and,smaller ones’ on.qune 13,' The YBP SWA counts shbwed
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:j;_ . oA a third i:eak,, just: slightly smallerx¥ than -that of June 13, .

on ]?"ebruary G The 1973 peaks occurred during :the period

) of, lowest water temperature but the November 23 peaks

o pccurred whe,n the wate.'r temperature was ne:l.ther highest

e

nor IOWest. ) - oL : ) >

. . . L A . - o - »
L - ’ .

b . o ' Lo . L. .
: LT F:.gure 11 shows the pseudomonads per liter of .

L ) . ,,-bottom plankton and the bottom water temperature. '.ll‘hle‘.: .
o .YBP-SWA counts ranged from a max:.mum of 553 per l:.ter on
.‘September 12 to a- m:l.nimum of . 6 per 11ter on May 15, and N
A _' . : - o petrimide cdunts from 686 ‘per liter on November 23 to :
- 21 per lJ.ter on both May 15 and July 10.- 'I'he YBP-SWA
cqunts peaked' in-September of 1972 and June ‘of 1973 '
.while the cetrim:l.de counts showed4 peaks -in. November and .
’ J'une.. For both med:.a, the September and Nox'rember max:Lma
occurred when water temperatures were highest and the

s LI .

June maxima when temperatures ‘were lowest. .

‘ . . 'I‘he numbers of pseudomonads per liter regardless' af

medium used, at any level do: not: appear related to

2

temperature, thro‘gg_hout the sampling perz_od.. '

L

" The sorfaoe', middepth (thermocline)  and bottom counts

of pseudomonads per liter were oompared statistically

L) TS

: using the g test. ‘Ther calculations are shoWn in Table
'.,-‘ _' o 6 Appendix IV. . The null hypothesis, that different

- .
o [}

R s "counts were not produced :Erom sa.mples from the d:l.fferent .
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: September 12‘
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'cetrimide . agar,, at.20C incub ation_.
Bottom: Bottom water temperatures during t~he
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depths was accepted ueing a ‘l-e‘ve].' fof*significanc‘:e '(at.) T T
L of 0 '10. . 'I‘hie indi.cated the ladk of any regular pattern - (
of vertical dietribution of pseudomona,ds. . " & )
Table 5, Appendix Iv compares the numbers of T - L
pseudomonads with total bgcteria per liter for each,,sample Lo p 4
B and gives the percentages of pseudomonads. rd This is~" . o . g
H ' *ﬁ" e . ' . ., . AN
- . . S .
shown graphically, in Figures 12 14‘ rfox aurface, e N
middepth and botJ;om, respectivel"y '~°. - ' “ o
e R - s - . S
The percentage&bacterla wh:l.ch wére pseuaomonads R .

:Ln ‘the surface eamples ranged frOm a’ minimum of 10% on

PR

May 15 to a maximum of 76% on March 21. ', Except f.or

14 . - »

the high .percentage in March, pseudomonads were ‘more o

domimant’ in the -samples from September to chember than o

in the January to July samples. ' = f'_ s TRt
h Do I
4 'I'he pe::'centagé7 of pseudomonads in the middepth R
& ST . oo
samples ranged from 11% on June 13 tc 57% on November CoTe
»” ‘ . © .-., ‘,....:’ .'
23. It varied from trig to trip and no trend can be T
- , L . A < e . . . ‘:I'_ F -
. seen.. S s ; oL S, L
Co . .. 6 o 2o R U VA .
R 0,'__ . (] . - . L. g .',";' '_ W '.n . .".-‘
* For the bottom eamples, pseudbmonads compr:.sed from P ‘
13% on February ‘6 to 46% cn Nqovember 23, of the total ' . "‘-'I‘_.",'. o
bacteria. - No seasonal trend~ is a,pparent, L < ,i '\
5 \ .. N . ‘. '» i ,' e . B . -, -‘_-. . ‘- 3 _' . l‘ '—‘» ., “f:" B

'L- ., . ".,:..‘\
1

"/*‘}-' Table 6, Appendix Iv, presents the results of '1' v 2

‘.l v v . L ce
‘.‘. I . :
A iy

-teats performed on_ thesé data and shown that the surface e e
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S ' percentages were siénificantlyubigher thanpthe bcttbm'
i ' - percentagesfwhen the level of significance (&J equals'
o '0.20. There is no ev1dence to show that 51gn1f1cant

"t dlfferences exlst between surface and mlddepth or between

-’-mlddepth and bdttom. ‘

PHYTOPLANKTON COUNTS

: Phytoplankton count data are presented in Table 1:‘
L S ‘ ;ﬂppendix v, and shown.éraphically in Figures 15 to 17,.

. for surﬁace: middepth,and-bottom; respectively.
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oy
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RN T . :-"‘ In the surface samples, numbers of dlatoms'
iu-i = . .. o increased slowly from l per liter on September 12 to
;f}_ - : - ) 203 per ‘liter on February 6, and then more qulckly to
o ‘ reach a peak of ‘23, 740 per llter on May 15 From May

15 to July 10, their numbers decreased and they’ were not -

found ln the remalﬁ&ng samples. Dlnoflagellate numbers

peaked at 168 per liter on September 12 decreased

- gradually to 11 cells per lrter on January 25, then
' increased gradually to 53 cells per 11ter ‘on June 27,
before reaching a maximum populatlon of 566 cells per llter

on July 24. Dinoflagellate numbers were lowest during the

wrnter months.. Sllrcoflagellates were present only from

November to May with a peak poPulatlon of 341 cells per

llter on. March 21. ng..”, o ',‘. R
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In the mrddepth samples, diatoms numbered only 1 per ;1

1\1.ter from Septsmher 29 to OCtbber 24 then 1ncreased
steadrly“to a hlgh of 129 870 per llter on May 15. After
dropping to ll 247 per llter on May 29, they reached a: "‘ij'
secondary peak of 51 llB'per llter on June 27, before ’:.
disappearing completely. Dlnoflagellates domlnated the
phytoplankton in, the samples taken from September to
November and from July to August._ Maxlmum counts of 164
1 and 241 cells per llter were obtalned on September 12 |
and June 27, respectively, although at the later date
the diatoms were the‘dominant forms.' Follow1ng a drop

to 8 cellsperlrter on July 10 there was an mcrease\to

74 oells per liter on August 10._ Sillcoflagellates were

~a

found in the samples of November—23 and March 21 only, .-."

and peaked at 260 cells per llteﬂ'on‘March 21.'?i_ S

- 10 and August 10. The greatest numbers;nere recorded from
March 21 to June 27 wrth peaks of 73 570 cells per 11ter '
and 46 002 cells per liter, respectively;; Dindflagellates
were present in all the samples, except those .of . May 15
. and June 27.: From September 12 to October 24, their ;1
numbers decreased from 37‘to 16 cells per liter, then the

numbers increasedlslightly to 51 on November 23 before 'J’~

“
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Lc‘bv’?{"t‘ f"r_s“-ﬁ“,si-"! r‘l\-v.-rk : .." ;:v.-:...:.,-.: i ,,.: hi‘nxuwﬁ*‘éwpd i ‘M@Ww%ﬁ@-ﬁf‘{&ﬂ_h;{}’“ﬁr sma&«r‘g .
. . N —v L B . - A P
; -, \..'u: . 1 L t.
v ; ; - _ ' '\: ; ‘
" ) : e PR _. P “:;_67,_- . i .. - N B »
. ‘l‘ _... = - . ; s v
“ decreasing further‘to 7 per-literfon Febrnary 6.. They rose k
& U to 51 cellslper 11ter on March 21, fell to 0 on’ May 15 and ) g
. ~ ‘ i .
. S o - =
- reached .their’ maximum of 84 per llter on May 29.’ After Y VAN
. falllng”toO cells perllter on June 27 dlnoflagellates ’ PR &
1ncreased slowly to 37 per llter .on August 10. Slllco- S
: [ - ' A o -
flagellateswenepresent-only in samples taken on Ootober - ;o
. Co R
R 24 November 23 February 6 and March 21, w1th a peak of j';- .
12l cells per’ llter on March 21. NP T‘“ T o i: ' .%
K oo ’ e e . : L - o
Samples from all three}depths show a. sxmllar overall L I
.2 . .
'picturet' Dlatoms were absent or present in. low numbers S 5
. only from September to October and-from July to Angust, ?
t -‘}_ .
) Do but i creased exp1051vely to form a "bloom" in March to ) ,
. T}~ Q,, May or une.A‘DLnoflagellates generally peaked 1n _f " . Wt
ﬁ . W, September and July or August when dlatoms were absent or '-q" .é
" 1] LY
“in- very low»numbers, and almost dlsappeared durinq the L T
o dlatom “blpoma.. Slllcoflagellates never domlnated the. :
‘“5 '7f‘aent1re populatlon &nd appeared only from November to March . N
LT T or May._ As thls sequence characterlzed all three depths, ' ' %
o " 1t rs not directly related to water temperature.: ?j g 'i .o ';g
p"’.""'.,:’ l\':‘: ; " ) u“ : |' T ’ " . d -'\ .a. . ‘ N " : ’h' 'n"' ! ‘. . '. ‘ A - .p"\?‘
o SR .fﬁ‘ The phytoplanktbn species comp091tlon f the plankton
A '°‘“Ez;; tow sgmples is’ g;ven in Table 2, Appendix 9 The dratom-, R "y
' blooms; atrall three sampllng depths, were domlnated by Z“J
A ;.: *~species of Chaetocerbs.“ Specles of Fragllarla also COn-’* . -
' £ o= '"‘.' o boa "' ANt g -.-\ ey - C e :.: EEEVEE _:
. strlbuted but to a lesser extent to the May 15 peaks, e
Ce A Y . .
- Z T wh:Lle Leptocylindrus danicus; v%s quantitatively important
X4 \;- . . \“‘ © R \ 3 ) ‘/.b . . )
s ‘\' v . . - N ) ¥ . . . . \.' y
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in the June 27 peaks wh1ch occurred gt the middepth.
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-

_ Lo (thermocl:.ne) and bottom. . " . o _' S

:.‘ ) - . . . o -

) ! Table 3, Appendlx V, compares total phytoplankton
o L, o ‘e .
;oL o wi‘th total ‘baCteria and total pseudomonads. : ThlB 1nfor—

matJ,on is presented graphleally in Flgures 18-20, for

-

‘:-\« r.-“"surface, mlddepth, and bottom, respectlvely .~ . ‘ N

' From Septemb’er 12 -to: October 24, the surface
. i"phytoplankton numbeérs decreased steadllyc, whs.le both | .

' total bacterla and pseudomonads :anreaSed then showed only .

o I. . n'g»,; sllght fluctua.t:.ons. The‘re wa's a sllght rlse ‘in® phyto,— '
: "plankton numbers J.n November but total bactelrxa and !

; pseudomonad numbers dropped sl:.ghtly On January 25,

o _-‘--.numbers of bacterla, pseudomonads, and phytoplankton

‘: ) w ' _~ s dropped The phytoplankton then .u;creaeed constant_ly to. .

" - ‘reach thelr maxlmum on May 15 Total bacteria and - L

f : ;‘ pseudoNs, on ‘the other hand, :mcreased sllghtly at B
2 Lo " ‘flrst but dropped to the1r min:.ma on May 15, . _From ‘May 15

el el to August ‘10, phytoplankton numbers dropped then showed )
small 1ncreases and decreases. Numbers of. baoteria and

- pseudomonads increased from May 15 to Q’une 27, and - then

\‘-. . . . ( i . o" _'P. ., . :
‘ ' fell _of.f.c L U '

\ N o [ X .
. Mlddepth (thennocllne) phytoplankton cou.nts fell from

¥ - Q«September 12 to October 11 increased untll November 23, ..

2

o -and.th_en ‘dropped on’ January'?? Number.s df total bacterla
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and pseudomona"ds refnained-at a nearly constant level from

.

o S’eptember 12 to October ll, 1ncreased‘ on Novenber 23, and'

then dropped on January 25.- Numbers of phytoplankton ’

.tot,al bacterla and pseudoxt(Onads increased on February 6,

.. .

'then phytoplankton numbers 1ncreased to-a max:.mum on May

1”5 wh:.le totai bacterla and pseudomonads decreased" to a

e

'mlrumum on the same date. Phytoplan’kton numbers dropped

T -on May 29, rose on June 27, fell. agaln on July 10, and

then rose to the end of the Samplmg period.* Total

bacterla and pseudomonads mcreased from May 15 to June

i3, and then decreased un-tll-July 10. Numbers of total

.'baoterla and pseudomonads rose and fell sllghtly on

v

July 24 and August 10, respect_lvely..

v

Bottom phytdplankton numbers decreased slowly from'.

: ,mmmmmgmwmﬂﬁ; Ag

September to October 24, then after some small fluctuatlons,

’
1ncreased unt:Ll May 15, when‘ the max:.mum was reached At
A |
the same time -bacter:.a and'.pseudomonad .numbers nappeare__d.

.. .

r. "l

to be decreas:Lng, although there was cons:.derable

fluctuatlon. Mlnlma of both total bacterla and phyto—

‘ ‘plankton occurred on May 15 Phytoplankton numbers dropped

‘ off to June 13., then rqse almost to. the May - 15 maxlmum on

R s

saﬂlplin’g period., Bacter:n.a and pseudomonads increased in

L A4

P

‘.l_ ~°June 27, before dropping off drastlcally at the end of the X

numbers from May 15 to June 27, then decreased and alncreased

i) . -
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' A Co the depths sampled is not completely clear, 1t is ev1dent ,4 .
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o May 15 is assoc:.ated w:.th the lowest numbers of both total toe
B . . 1
o bacterla and pseudomonads found during thé sampling per:.od
. [ " "
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CULTURE METHODS "

‘Throughouf this study, the culture plate. (spread

. : t
plate) method was used for quantitative bacterial

-

' The ch:.ef criticism of this. method is*

.

determinations .
that 1t resuits 1n an underestimatlon of the numbers of

bacter:La present. in the -samplés studled In spJ.te of

thJ.s, however, the culture plate method was chc}a;en as the ',

m03t approprlate enumeratlon techruque for the purposeés

of this study. .

., N .
A * . . . '
.

It had-originally been-planned-to compare numbers of

hacteria per uni.t volume of sea watei' with ‘those per unit

volume of plankton tow -and-it was decz.ded that both types

.of samples should he processed in the same way., The
membrane fllter technlque, whlch m;l.ght have provided
'-higher bacter:.al counts in the case of the sea water .

samples, hadtobe ‘rejected because of. the difficultles

involved in attempting to fz.lter “the plankton samPles.

. Fragments of plankton organ:.sms would occlude the ﬂi].ters. .

.2 .

Becaus': bacter:.a are thought to occur ‘attached to the

pla.nkton, “the result:.ng bacterial colon:.es would be K o

clhmped together on' or near the plankton' particles rather—

. v . ” T e . . . o
. . ) L. N : . ) oL
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'plate, colonles would’ have been ‘smaller and. closer "

‘difficult. oo e

' bacterla present in the sample are able to produce
colonies under the partlcular ‘cultural. condltlons used

" second, ‘not every' colony produced is the result of',the'

o +W:W§B%WW’”W" i r"%ﬁ%ﬁ’fﬁ}:f"w R

e .

than spread over the entire fil'ter sm}fa'ce. Rep].:.catlon'

)

onto cetrlmlde agar plates would havé- been more difflcult

.

from a filter than from a plate because colonles are veryr .

eaSJ.ly detached from the’ fllter surface. Also, -because

of the e}naller surfac—e akea of the 47-mm 'diamet'er- fiite'r‘ :

compared to that of a- standard lOO-mm dlameter: culture

together, maklng.both repllcatlon and 1solat1on more - .

.
~

. The results obtained in this study have been .

expressed in terms of bacteria or, pseudomonads per ln.ter,

but, of course, the plate count method. determ:.nes not . e

. » ‘

total numbers of organisms per unit volume, but numbers °
of colony-generating or colony-forming units. These, a
are referred to as C.G.U.'s or C.F.U.'s by Lewin (1974) ;

and Wiebe' and Hendricks (1974), respectively. The choice

: of'terminology reminds’ one of two t!iings. First, not all

f
[l . .

multiplication of just .one bacterial rc':'ell' : A C.G U or - o

v . A e

C.F. U. may, therefore, be either a s:.ng].e cell or an ‘ IR _{- '

.

agqregate of two to many cells.r One of the reasons for coe

“

grmdlng up the plankton 5amples was to .break up such

aggregates. ' Thus, Moskovits (1951) found in, ten out of ] ‘
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e | .. - '."eleven samples stud::ed, grlndlng J.ncreased by factors .of
. ;'-- 1. 3 to 13, 0 the numbers o,t' ‘bacterial colonles produced S
. . " from- plankton samples.. LT L Jg)
v '._. .‘- ‘ . . - . R "\ - ". ’ ',k' . . i ;
Lo The accuracy of v:.able bacterla or C.G. . ‘counts in o,
; - ) L o
the est:.matlon of actual bacterlal populations from wo T \ «
' B ‘aquatic environments J.s questionable. g Wood(‘»—(&953) .
. .. e suggested that the dlscrepancy between d:.rect mlcroscoplc' ‘

(total bacterla) ccunts ;and plate (C G. U ) counts is

- S 7.

f:- : .decreased as, the number of bacteria present in the SamPle .

i :’.‘J.s decreased . Thus, the dlfference .l.S llkely to be much ~ ‘-’
| 'less tn open’ ocean-type env:.ronments, where the numbers S -
. L of bacter:.a pe.r um.t volume aré low, than 1n esbuarme -'— ;
b, | ) ) ""or shallow coastal environments, . Where thel numbers are _, ) !
‘ .. - , N .h:.gher. In fact,‘Woc;d (1953) stated that 1n theq former ‘ ‘..‘“.zf. . .__i.
o _ s:.tuat:.on, plate counts mJ.ght be assumed to be of the\same o
'.order as tota}. bacterla.. “He was doubtful however, o .
“4(} ‘ . ) ..'whether this applled to samples from plankton' " Warms' 3 '.’ - . ’
; . ' ‘ be.cause the adsorptlon and subSequent Clumplng of s ;
:ﬁ — ) | bacter:.a on. “the plankton served o underestlmaté Slate e
L , ,

. counts. HoweVer, as the bacterJ.aI clumps are broken up
<Al L .- '. .. - IR

- by: grind:.ng,c G U counts of the plankton sa.mples should P . ,
‘.accord:n.ng to h:.s statemnts, prov:,de a rbugh estimate of ML -_.;'
k. o total bacte\ria counts in those s:.tuatvons where numbers . .
: . o ,
"#};{ I of bacter:l.a are. 10w. R Lo Cor e e ,‘,_ L .o
s ' A - - A e ’
“,’v_é.é """ ., . . .. ] . - . ' T '- .,.“ . l" . . ¢ g . ;'.- !
“Iﬁ"' ‘ * ] B w . ! . ' i
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other workers, such as

Kullman (1931), Bere (1933)

-

(19 52) ’ aCarluccn_ and Pramer

(1957) hnnasch (1958) and Sek:. (1971), have been nore'

Cholodny (19‘29) ' Wllson and
, ZOBell (1946)‘ Oppenhe:.mer .

(1957) ¥ Colllns ande Klpl;.ng

~cmlt1cal of the plate count method than WOOd (1953) even

when only relat:.v-ely small bacter:.al populatlons are

1nvo lved

L

‘ (1967) have 1nd1cated that,

)

Krlss, Mlshust:ma MJ.tskeVJ.ch, and Zemtsova

>

aside from the 11m1.tatxons

of thJ.s method already mentloned, plate counts ‘can be .

further g:eatly dlstorted, especlally on small areas of

solld med:.um, because of antagon:.sm..,

e

»

All these factors

4

...l 3 .

on the plates w1ll be lower than the number of babteria

1- -

present in the sampie.. ;Jannasch and anes (1959) stated

that as few as 1/3 to.. 1/10

seen by dlrect mcroscop1c~

plates and other estlmates

been as few ‘as” l/l 000 (Waksman,

'1/500 (Butkevitch 1938).

the cells recordea by dlrect count are dead', it 1.s apparent,

accordmgtn these est:.mates, that the number of colonies N

reCOveted may hear no relat1onsh1p to the number of livinga .

%'. Zteria :Ln the sample.

-' ‘. -" ..
:\~ pie T

A -’,u.x.. LT

/,.

000 of the cells present ,‘ as

count, slrow up on. the culture

.

Y3

e

ta,kenu together ensure that the number of colohles recovered

of the fractlon .appearing have o

/

934) ‘ d"from 1/200 to.

Despa.te the fact that some of

f
0
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Moskovits (1974) tested the abllity
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‘liminating nOn—pSeudomonads, and .found 0 03% cetrimlde

. o

. ko be the most effective. ' However, rt'Was also found that, !
K oW . in order to eliminate allﬁnon—pseudomonads those Group III ‘J

-

N oo and IV.pseudomonads tested were also completely 1nhib1ted

v Therefore, cetrimide was primarily a selective agentbfor

o’
1

;pseudqmonads of Group% I and II

Lot .
- . . LY ¢ . ~

The results of the present study'indicate that' there

Tare non-pseudomonads and pseudomonads of Group Iv which '-

. o “' are capable of growth on 0. 03% cetrimide. fThe differenge
. in ‘the results is probably;due to the fact "that, whereas_’-f,n
2580 iﬁpietee were' examined in the present'study,'a

“ ) .‘5,, - ‘considerebly smalierlnumber bf:cultures, Whichtdid nbt_ . a .
‘_include cetrimide-resistent forﬁs of ‘these orgenisms) ‘
Ai' ' waB. used:in'the.previous one.ii T S ,.j

Ao

. 7 . MOTIRITY | - ) Y SR
éﬁ Co . ':_ Forty-five perdent, or 1153 of‘the'2§90 isolates

studied were determined to be non—motile, Such a high

L 'proportion of non-motile organisms appears unusual, sdnce o _'.-"
- . i PR . \ RN .. . e ":E
S it is agreed that polar-flagellated rodl comprise the bulk '_ B

of the bacteria in sea water (Waksman, 1934; ZoBell 1946;
'Leifson, Coaenza, and Murchelano , 1964: Wood, 1967: " .. )

Jehnson, Sehwent and Press, 19687 Motile bacteria were "; :i"l

found ‘to comprise 75% and 79% of the tQtal bacteria in- .

A

.Narragansett Bay, Rhode Island and in the nearhy Atlantic
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Ocean’ respeFtEVely. Ih Noank'Harbour, Rhode Island, where

- ' N - N 1] ) (] ' i . : *. : .
there was more terrigenous ‘contamination, on 39% of the

'bacteria were motile‘CLeifeon" et\ala, 1964) ' Pfister

and Burkﬁolder (1965) studylng 114 Aftarctic and 37 -

Puento Rlcan lsolates, found that 66,2% wexe gram-negatlve,
mptile bacterla with a sxngle flagellum. Krlss et aI ‘
(1967) reported that the bulk of the”thousands of micro—l
organrsma thex obtained from various geographlcal zones
of the Atlantrc, Indlan, and Pacifrc Oceans, over a 7-

year perlod, conslsted of non—sporinq, gram—negatlve,

’ -~
N

motile rods. v"'r . R I \

-

.5“ '..\/ . R . . u{
Unlees the hlgh proportlon of non-motlle organlsms _
among the current isolated 15 to be regarded as unique,‘
w i

there are two possible explanations for the situation, -

Firs§ itJnaybe that many of these isolates were mot;le 'in

the natural environment but, becauee of the nature of the

L

testlng procedure, appeared non-motile.n Second, it may

be possible that a hlgh percentage of non-motlle organisms.

ie not as rare as the Eirst brref look at the literature
makes.lt appear. L A

. . N ‘ -
° . N, .

o The high proportion of‘non-motlle 1solates, coupled%-‘

with the faét that most of them were, according ‘to, their fff'

biochemical oharabteristlcs, members of the “motile" ”}g"

generaq Pseudomonas, Vibrio, and Aeromonas, leads one ‘to.

.
) . w
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o e - question the reliability;of the motility testing procedure. .
('. A L
" . . %he me thod- and mediumn used were standard .ones which w1th Y ’
.‘ b} N .
_ EA : over one—haif the’ 1solates, gave reliable results in that
£t - . il
i . ‘e the cultures determined to be- motile showed flagella upon : i
A . . ‘o . .- d
; lr‘( A ' \ ‘ R
F subsequent staining However, the cultures~had not'been .

tested for motility immediately after 1solation»but C , , ?

Lo .
N .
SETRERTE A
.
a
i
-

-
o

1nstead, had first béen stored for periods up to one year = - -

4

R wath ‘one sub-culture after six months. It is possible N o

i = ' that the flagella of originally motile bacteria were lost
i ‘ oz became. non—functional during the long storage period
. The llterature of the motility test givés no indication of . : ."‘
v hdw soon ‘after 1nitia1 1solation a culture should be tested -
ﬁ e R for mOtlllty, and those studies which found that motile . .
%f \} | re bacteria were the dominant forms (Leifson, et al., 1964 | i :} .
% ;%;‘ : o Pfister'and Burkholder, 1965" Kriss, et al., 1967) failed U
j -h‘ | ' to state the time 1nterval which had elasped between o ,fﬁfu '
ﬂ' o «h‘ -isolation and motility testing. 2." IR ‘t. ' "' _"‘V.;
i . R e ) . . ‘ PN . . ,
;g‘ ‘ 1 o o Cultures*motile in the marine’ environment _may have' " . ' :
.f% ’:,. _" « become non~motiI; bv spontaneous genetic mutation, but aside
£ ‘ ' from this;.loss of - flagella can-also arise in a purely 2
o t'f o phenotypic manner (Rhodea, 1965) Studies on the genetics a ¥ 2.:
fﬁ; f_;?:;:;:gf.. of flagellation have not been carried out onlthe bacterlal ",
i%@ R groups concerned but have been performed ‘on other genera; : _’”.
'%% - - e 50 that 1t is probable that the same~genera1 rules apply.z. ) .
%g | ) ' ,. Quadling and StockeQ((l962) working with Salmonella, found ; ibﬁ
ég . ‘ :; . : ‘. . T . ;7 . ..i;.« v -,T ?'. o ’:;&': %:.
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o : that under conditions which prevented the synthes;s of . 2

e . . K

new flagella, the flagella on a diViding cell were. shared : PR

-, R ‘ :
'.:. . e j B : . wq . ‘ ) A \“‘ ..." -'.'
YR S oo equally during ceIl lelSlOn so that, with each - new T 4

S generation, the number of. flagella per: cell decreased - \";x T

while the proportioﬂ’of non-flagellated cells increased,.

.i - . ”;f g untiloeventually the entlre culture became non-motile.‘b, ‘ “_t )

F "_'-'_.'; Their work)also suggested that each active normal flagellum - ’

o ': was associated with a "motility conferring particle" which | ':v"',

T ;7%';' ' -, .was not repvicated but, instead retained by onre of the E " ;, ;:{

'cf : ,." ~ N daughter c lls andapassed down from generation to - -;‘ '-

ﬂ%: ) h.:, ]ﬁld generatiqn,in a unilinear manner (Quadling, 1958) . Thus;};:w-.' .'T:
f}} St '15': if growth conditions precluded the synth091sloﬁ thesei , . ;.‘ d \

iiﬁ :»,J-rjq', “»barticles, non-motile cultures would result,’regardless . -f, :' T

. . .f'. Df whether or n6t flagella production were possible. ' "'{. R

. ) .- . : . RN -'~ R : -'ﬁ ~ . e,

g Flagella can be lost under a variety of cultural con—

- 4 ' g
T 4::}ons.' Too aCid or. too alkaline media ¢an cause .- R

St flagellin diSintegration (Rhodes, 1965) . Trace amounts; Lo :: R
o f'_‘ of 1ron and aluminum can supress flagellation in Bacillus a
g‘Af S and Proteus (Weinberg and Brooks 1963 thdes, 1965), and
o .::_ ’ p0551b1y in other genera.as well.~ Accord}ng to Lacey (1961),,
o7 ) v iations 1n euch factors as temperature, light, pH, ' v :
. . i v K L3 i | ) ..' ,
Lo vt salt balance, degree of aerat:l.on and surface-act:Lve<S R
n;c“ - M . "-‘v - . R ) ’
L4 , A pel L “ vt
ﬁ%« . - Y{ ‘ -.componnds can capserloss of flagellation in' a number of e,
}}l'. . . ., .' -~ N ’ '\..-‘{-' * R
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¥ ‘micro—organisms W ._ . . < n _"..») L. - ‘ R .\: AL CF
(;:3{ [ : ) A4 v ‘ e ‘ © ’ * ' -.,‘ - . R ' T ‘ o ! et " A ’ *
kA -~ . . L% - \ T e . t . J
" A N . ‘. ‘ Y r .
“} ‘ e . . 3 . ..' . ] . N . {“ L ' ;' » :‘.
’ .., L - l: - . hd . ,,“‘ tG i » ' - _\w; ' ’.“, ' \ v




Y

7

. Lo . . . . .
. . . o - ey - ., % T .
. . 1- LN E : - o

- . " - . B . RN 5
| v » L N . B R ' N
.- . ‘o . e

. N a"“,‘.
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4 -
necessarlly mean the absence: of flagella./ LElfSOH (1960)

stated that flagellated cells may be non— etlle lf changes o
in the medlum (e.g. 1ow pH) damage the flagella,'lf the T

flagella are 1n a "paralyzed state", or 1f the flagella o

are rendered nonﬂfunctlonal “frdm varlous ﬁauses" He‘

L

dld not say what these causes ‘were, nor dld he

a
8w

dlfferentlate betWeen non functlonal and paralyzed = %.'ﬂf

Y

flagella. Nevertheless, 1t appears that non-motlle

flagellated cells, whatever the reason for thlS state,:~

w s . e

- are not unusual L S RSP

e It 1s often 1mpossible to determlne either the number g

,study because of ,the. manner 1n whlch the data are’ pre-’

‘f on that 6f Shewan, Hobhg, and Hodgkiss (1960) he determlned

|'. ‘ ] e S PEEE
.‘_ . Y2 . ‘

/ . ) . . f [
. ..
F ~.,

s [
LI}

or percentage of motlle cultures 1solated 1n a partlcular

- v, - - A}

sented When 1soiatlon and &haracterlzatlon of bacterra
from marlne sources are carrled out the results are ~“L..
’.".~>~.' - A C

usually presented 1n terms of numbers of organzsms-

-

" £L )

gh ass1gned to genera and although the partlcular determlnatlve

1 Y aet

scheme used to characterlze the 1solates 1s prcylded there

«" “ o

15 no- ;ndlcatlon of any varlation w1th regard to motlllty

(or Eor that matter, to any other characteristlc)

N P o ,.' B "‘

g L
e

'l_-'

Sleburth (1967), for example,,lsolated a total of

-

119 cultures from a serles of seml-mcnthlyfsamples from

Narragansett Bay durlng 1962 1963.‘ Using a scheme&based

.
.
~.\x

-0, -“z‘»

Rl ".'U

4,
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i, Co TR that the dpminant taxonomlc groups were. . flacvobacter:,a- = e

SR [ cytophagas, pseudomonads ) v:.Brlos, achromobacters, and TN

LR R arthrobacters. ) For each sample, he determlned what . h o

; ‘ - . percentage Qf the total 1solates was 'a551gned to each of P

these groups, but he provgded in his data no further RN : ‘
(} . .kf :;: - .‘_. characterlzatlon, se that the perc;entages of mot:.le - :
o : ) bacterla present in the samples were un.known. - Accordlng :;.' ) ) "
) e . - ko the scheme used pseudomonads and v:.brlos are- motlle..' | L
g ‘v?. o " con51der1.nga the large numbers of’ a.solates J.nvolveld‘, :.t i ".', \ p

.

T P does‘not’ appear unreasonable 'tp assume ‘that’ some ‘non- ool

A motlle pseudomonads and vibrlos were’ encountered., How- oo e
: ) ] PRI \ . .a‘;, . o, PRI

D ‘- ever, there is no mentlon of thlsa, nor ‘was' there any L

" AR ", prowsmn :m the 1dent3.f:.cation scheme forathls contlngency. )
{ ‘ ;“. ' . '" When one consa.ders that relat1Ve1y fevlv qualltatlve ” | :
/ e ’ studles of mar:.ne bacterra have been hmade, and that the A S
i‘r vy : presentatmn o'f Sleburth's results lS typlcal of that . «"' . .
,Z _r | ‘used in most other stud:.es of th:.s type (Anderson, 1962'\,,‘;.‘-',l'f".‘.".:‘ ‘ ..f’::
o '.3 Simidu and A:Lso, 1962 Altschuler and Rlley, 1967, . i A 1&
’1 2 Johrlson, Kata,rskJ., and Welsrock, 1968‘ Johnson-, Schwent, o
L : ; and Press, 1968 Sieburth .1971 Simidu AShino, and . ; ‘- |
’ Kameko, 1971 Ezura, Daz.ku, '1‘:i.jarmeL Kimura,“and Saka:., .":1':."','
’. SR 19’74) , 1t 1s easy to un\i'ers't_/and why more data on ,the kmds - "'.
: | J‘ of mar:me bacterla from different marine env:.ronments .a,',".‘_j;;;-jj ?
P '.i K ,:4 cannot be given.r. Therefore, it J.s possible that n°n-motj_1e ' :,:. ’:. f
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Forty-three- percent

\

or 941 of the 2189 isolates-

A

aSSigned to the genus Pseudomonas were non-motile, as

a a

were 2% .or 15 of the 47 Vibr‘io isolates,' 38%: or 14 of
———q——l—‘.-—

u
¢ :

fthe 37 Aeromonas isoiates, 43% or 75 of Jthe. 174 ' i

‘l

e Alcaligenes isolates and 100% of the 113 Acmetobacter

DAY

-
Of these genera, only ACinetob.acter is, b'y'!

R '

isolates .

definition, strictly non-motile, while members of
-'4»‘- A ) T ,

-0 “ e} s

Alcaligenes are: either motile or non—motile This mea*ns

.

'
3

that thé vast majority (81% or 934) of the 1153 non- _

motile iso‘fates studied here were aSSigned to the

motile“ qenera Pseudomonas, Vibrio and Aeromonas. | .

f ¢, i

o, . . B

Determinative schemes, .such as those given by Scholes

{.,‘ »

Al

and Shewan (1964) v Bain and Shewan (1968) , - and Hendrie

T e

and Shewan (1966) . which are used to identifyfmarine .

¥ . ’

bacteria make no‘)prov'iSion for non-motile forms of these :

and type of flagellat 'on'are g-iven prime importance in the

4 i

identification schemes deSigned for marine bacteria. It

. . ’

would be wise to question whether flagellati,pn ise,,as Ay
1 ." . : ) R
S

fundamental a characteristic im bacteria as in the

v-', .

genera. : It is An this respect that the main difference ."’
between the scheme used’ in this study (Figure‘ 4) and A
those used by other workers in this field lies. . T
. - .
T e R R D
Despite the ease with which it can be lost, motility
< ~ * y )“'—\ o B

. "heretofor‘e suspected. . . ¢ ' IR L.

v

>

e

0
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. a highly var:.able characterlstlc -in ta:gonomy has been

: pomtlon {Colwell -and Mandel, 1964 Colwell citarella,

‘, pseudomonads of Groups I “and II the organlsms for whlch,
cetrlnude was £ und to be selectlve (Noseworthy .and”

L Moskov:.ts, ]{’:M

-II-KJ.ng 8 Medium B (Kinq, et al. al.,

W1 ogradsk&, and others (Rhodes, 1965) . . The value of’ such .
© » r . .

questlonéd by a number of workers, such’ as Bartholomew SR

- f } . .
(1949) ' Gaby and Free (1953), Sneath (1956) e Rhodes . . oo
1t would be’ w13er' .

(1959), and Lysenko (1961.) ’Surely,

'to deflne the taxonomlc groups concerned on the basis of
1

more '*stable and fundamental traJ.tS’ such as DNA base com- e

and .

RJman, 1965; Ley; 1968, 1969, Baumann, et al, al., 1972) RS B

. .
. L e s ) . : X .
‘e Yo - . N VoL . . B v

FLUORESCEIN. PRCDUCTION ‘

'
hd .

I-}.ccordlng to . the scheme used in this study, 2165 or

84% of the 2580 lsolates examl.n/H were ldentifn.ed as ‘

[} K

s Shewan Hobbs and Hodgk:.ss (1960) who .
L A
Qdevised the: group:.ngs, stated that these pseudomonads -"_ S e

were charactenzed by the production of fluoreﬁcein, a o A

yeflow-green dlffusn.ble, fluorescent p;gment.' Although T

1954) was. used Anthe, U

o"‘

present study, none of the 1solates exam:.ned prod;lced

. R '. [N
L ' c R

this pxgment- G e e T

g ] P G r °

Ty cvn"’:!“a‘,af’ﬂt'ir’*”’mqmwwﬂmm :

Do

oo
.r "
.

. . X ik . =yt [ - s B - .
U VLT o P : e T et Ty T R - X
_The-ab:.llty to:produce fluorescein. is‘variable .and - - R 5
1 M LR 2] . . " [ - . - - s oo - -
. 6 o , D o Lt i,
- o - TR .o . . ’
. R W A T R N ) ‘ ’
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e T o . related to the compos:.tion of the medium (Rhode\s, 1959) o i

* ! ° J . i — .. ‘ . | N
LIt has been "found that Mg ’ so4-2 ~and Pof are -, . o,

oo -'hecessary fo:[}fluorescein production 1n Pseudomonas .
S

s . l

BN . fluoreScens,xand that ' the type and cpncentration of T T

~peptcme us‘\d'lis also of great importance (Georgia and et v

PRSP
LY

t ! . ' . ‘e 1
. S, ' Poe, 1931, 1932) . Td‘tter ‘and Moseley (1953) studied .
. ' :_‘ N . :'/
- . 'fluor.escein production by Pseudomonas aeruginosa and
¥ ' o : found that -the amount of fluorescein proauced Varied :
. . : - !

. e 1nversely W1th the ooncentratiorl of iron in\the medium, e o ‘
. ' | P A‘v_‘,A

v " put . they d:n.d npt dstermine the concehtration necessary to ' S 58

..completely inh‘:.bit fluorest:ein production. Th‘eir ‘ " N — P RN
: observations were extended also to P fluorescens "which C S '
L . '\q ot

d.o T 'beha.ved in, L manner very similar to P. aeruginosa" o o
LA "}g—*tt')/Gfrabaldi (1967), a 1ow concentratwn of ’ ‘ :

= ‘1ron is generally regarded as the most :meortant 'cultural

P . . .
3 ’ at
. . [l

requirement for the production of this pigment. In the

-present st_udy, K:.ng s. Medium B, which is recommended
\s' P o larg'eljr because of its very low iron#concentration was L R "'.;"_

:u'se'd; Ahut: it was prepared w:.th synthetic seawater L T

g I " instead of - dist:.lled water. It is poss:LbIe that the o

‘trace. amounts of iron _in the seawater constituents R

ot . R

-»may have exceeded the limit permitting fluorescenca.r-

ver R
. K] . . .
- . . N

’:_ : However, pseudomonads of Groups I (NCMB:L 4Q4, IN FL) and;' L

,
v

e

e

S "I (NCMB 104 and 403) ’ when grown on Klng s Medium B e,
) I—"_"— - I! , 1 ° « -l . :‘,o S:;,."
- NCMB"=" Naj ional. Co‘llection of Marine Bacteria Torrey R i
RIS ‘I‘earc'h Station, Aherdeen, Scotland. I oL . r.3
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' S pigment because of age and co{nt.inued ‘sub-= culture (ZOBell,

I S Des’plte «1ts var:.abillty, fluoresce:.n production has EE

- o !'a

ll. |, .. :".. ' -'$ !
. | N * .

pe— w:.th .synthetic seawater in a prév:.ous study (Noseworthy L

.and’ Moskovn;s, 1974) did produce fluorescem, .although

o N

when used m th:.s study as controls they- dld not. -

LU T .
. ; <
P 4 < 1

" e .
e " / S l'.'- ‘o

-

. . o . .
fluoresceln productlon is nd constant (Rhodes, 1959), I

. * i )

. s as ,non—plgmented strams have 'been shown to 'arise o B

A

F v

' L e Even when cultural condztlons are standardlzed, ,

spontaneously .frcsm'p:.gyaen’ted cultures (Seleen and Stark

. 1943) Many pseudomonads lose the property of forming o "':1" .‘ R

° 4 P MR .

19467 Shewan, Hodgki’ss and Llston 1954 Lysenko, 1961)

4)' . ]

.'..,-. ;I,t has also been shown that lyophllizatlon caused 20% to B

22% of Pseudomonas cultures tested by Lysenko (1961) to
Joe -
lose the ablln.ty to’ produce fluoresceln. IR N

K o’ . N A
. ‘. . . .. . , NS . + .
-‘, . © . t

- '.1

long been used as an :|.mportant taxonom:.c characterlstlc.. O

{
. !' Turfitt (1936) conclhuded that pigment productzon oon an ' L L .

L ” "t '"approprlate" medlum was constant and recommended that ; ok
| chromogen:.c fuﬁction l;e used as a basis for the d1v1sloxf o

of the genus Pseudo;n'onas into two sﬁecxes - one of whn.ch
-‘.“ eproduced onlY fluoresce:.n (P. fluorescens) and the other o ;

| ' of whioh ,produced both fluoreécein and pyOcyanm (P /‘J". ’ '. . f
:' Py aeruginosa)! In sp:Lte of later WOrkr.Wthh showsd ttiat " ,";:‘ L léf«
. éigment product:,.on was far from constant fluorescein and %
‘k," ' ’4 pyocyanin production have continued to be i/mn'ortant _ ,9';
._“"\;‘;. ; 1 : K 'cr:.teria in the identlficatlon of' Pﬁseudomonas specles. i ;
\ N . D LT )
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o and We:.srock 1968) Although the product:x.on of

: ol ‘ifr LTy v :
The reliance .on plgmentatlon in taxonbmy ha~s been questioned

car,

by a' number of wOrkers (Tobie, 1938- Haynes 1951, .Rhod-es, 7"_‘»_‘ '

1959, Buhlman Vlscher and Bruh:.n,.‘1961 Lysenko 1961,., ; "'.

)

. -
I3 - ’

is a’ useful lndicator of a pseudomonad, p:n.gment pro-

ductxon should not be relied upon for the identlfication
. . 2"

:—""'_‘- of a'll pseu&omonads (Sherris, et al. . 1959 Park, 1962)

. .
“, . -

Indeed Stan::.er,. et al. - (1966) even questioned the 1 Wl

-,“ recognitlon or the . fluorescent ,pseudomonads as a’ spec::.al
subgroup of the genus, untll their anaiyses had "..‘..' L
o .~O "o \ 5- v . \:F LR

i'ndicated that these organisms ahared add:.tiona,l prof:erties

BT which permxtted their 1dent:.fication even'iwhen no pigment

S O.f. this. genus..ap "
R T .

. -. - shewan, HotLgkiss and lf.i:ston (1954) tested the effect ,of

g this componqnd against a,numbe‘r of cultures’ ‘isoIatedafrom" '.
both terrestrial and’ marine sourcee. They found that it‘ ;_:_‘ )

-
-

~' was p;roduced Because of

-r"

_n aLn the taxonomy

ESBSERIVINY mpL0/229° 10 e T T

' e ,’.- T . . . o ' . .
' - Lt . . . i "«- .. N R ' . PR

I ‘e . - - .

Colller, Campbell and Fltzgeraild (1950) found that

the growth of Vibr:.o cholerae was :Lnlnbited by 0/129. f, s :

'Stanier Palleronl and Douderoffl 1966 Johnson, Katarskl, ,

fluorescem by a gram-neg'ative polar-ﬁlagellated rod- '5; ‘,




« - i - ::' '-1 ‘ . . * F . -
. d \. . ;l “ . . - P : " N ‘\ . ‘ y
i ‘y ’ . ,‘.'.- v .4'," ','."‘- -92_ L . ‘ .-’ ‘- .:.:
' ’ ! ) : ' . ) . > t : )
th' . » . N A ( e }.‘ N PR
. . P . <o . . o o . g Q - v, e CO
., - -
. : inhibited the growth of Vibriés but not, that of other
; L 2 bacteria,nand recommended that this test be used .," ,
crat e - : - : '~_ . . “ .k ~ .’ kN

[ o routinely as an aiduto 'the identif‘.l.cation of Vibrio

L o :Lsolates..' As a result, ' the :Ldentification schemes of

,,. Bergey S Manual of Determinative Ba,cteriology (1974) . '

: .Shewan (1963) , Scholes and Shewan (1964) ’ and Bgin"a‘nd

'.-‘ :' - -Shewan (19.5‘8) ueed the vibriostatic agent 0/129 in the
. ' ' ifferentiation of the generg Vibrio and Aeromonae. o '

e wére sensitive to this agent.,, Apparently, vibrios

: reeietant to, 0/129 have been encountered before, since

- [P -
T

oty Bain and Shewan7'(1968) stated that "several workere haVe

" ° claimed that the-_uge of the vibriostatic agent is of -;"j_
Lt H S e
. R : doubtful value", but unfortunately,’ they did not offer
' .: ,any suggestions as to why 0/129 should be effective in f';;f

R the handa' of some workers but not othere..r Merkel (1972)

. PR —~may have provided a- possible explanation on finding that

\

‘I":‘ L conta.ining concentrations of NaCl or Mg(‘.‘12 equivalen

.The inhibii;ion is .~apparent1y

.

- o 'thOSe found in eeawater.
X -"';-"'due to an io?xic effect, r\ather than to the presence of any

e '“'.' “(specific metal ions..‘.-

"_;,(_e__t__al._z_ (1954) wae not.spec fied "that

- ‘;_-_“_f None of the isolates exam:.ned in the preaent etudy »‘.\";

malen .

f‘,-\ the vibriostatic activity of 0/129 was inhibited when used

- (fg,v’ _on ~media prepared with synthetic or natural seewater ' or«-, L

o B
o

TG b,

Py 3
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s~

i
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e




S blooa -agax.', es‘sent‘iai‘ly a:* freshwa.ter med.ium :l:t is : . g "~--', Ty - \

PR

.
‘ N -“‘ EN "D J-‘

: e,
v : possi‘ble that "thosle worke:cs".re,ferred to by Bafn gnd i )
' R Shewan. (1965) as having had difficulty wi‘th 0/129 cmay i ) s
t _ : hav.e used m.edianwith h;Lgher tconcentrations oiE NaCl; ' g '_1 :
. A ' . MgC12, or both.‘ SYnthetic sea m;‘:ater was uéaé to pr'epa.,re '. e \
L the sen.sitivityb teat medium _emp].oyed in the presexit f"""' __‘»;'-’ LR g

r1e

poyas

-~

EEON R T

R ]

-Leifaon med}um- indicated tha(: they

belo?ged 'to ‘the E‘amily ibr.‘:l.onaceae- (Be;:"{:;“f 4 ERECNS
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.§§-~“““'“ ;d ability-to luminesce andgby the production of gas from

glucose. Unknown A showed no. indication of luminescence, e

5 ) E L but because of the tranSLtory nature of thlS property and
;; . the ldng 1nterval between isolation and testinq, speciel

: media de91gned to-enhance this abmlity were hot’ used

. N

. ,nl- ﬁ'. Similarly, there was no evidence of gae production by

S - any Sf the isolates.c o ;-‘a , . :
oY ' . Q ’ v" ! < - v v "r‘ e T -:"; i ”‘n‘ “.: . 5L .. [ L,

Seven of the 1solates conformed o none of the genera

G Y

b f'“-‘ in the identification scheme and were called UnknOWn B.

K

They appeared to be more closer relaged to the

peeudomonade than were any/of the other non~pseudomonads K

.

-f'f.ﬁp K ‘studied. Except for their reaction to terramycin, they

. . . S ""\ Y.‘\
;531- S had the same biochemical end morphological characteristics

A ": as. ithe Group IV pseudomoneds and gave a flucreecent anti-~v

a4

:g} oo A .';‘ body reaction almost as"intense as that. group. These ,: ;%‘ N
g'i~,ﬁ;‘ju#-- : organiems might have been considered as Group III e L

at e

%fj g o i L pseudomonads (none of which were recovered in this study).

E

. L but‘they .‘gaVe no raecti.on in\}.\gh Leifson medium, whereas y

b Group IfI pseudomonads giveoan alkaline reaction.-,-';

-

S ﬁ,'in;,';i In the determination of the“identity of the isolatee‘.w"j""“'

) .~f ' examined in thie etudy. good agreement waa obtained between
e the reeults oﬁ the etandard identification'procedures and
. ‘q S nhe eE o N N -’,
i L - - - LI .;-I'“‘/. .-‘. ' ) / )
\ ‘ ' . . : e

.t



e M e Wt gy o [ I . -7 v N B ’ - R RIEN Do g o, v
AN AAt i e 7L T e s e a S e bt v et el Yl ol
H ., . . \ & d AR S Al B s, PR e owt e T,

) . . A.. . L - ) T - . oot . . C : . ’ .'-"-
T el Dl sese o S
. T R A L T

thoee ef the fluorescent antlbody technlque.; All the T : S

,1solates ldentifled as pseudomonads produced a deflnlte

, to bright (l+ to 3+) fluorescence. -Peeudomonads of CT A
.-.uut_ Groups I and II whlch are more closely related topP. -

‘jfluorescens, generally gave brlghter and more 1ntense

KN

reactlons (2+ to. 3+) than those of Group IV (14 to 2+), ' 'f )

5a1though there was some OVerlap. However,_w1th the -
‘1-exception of those isolates de51gnated Unknown B, the non- -

pseudomonads gave fluorescent reactlons ranging from none -

to non-dé&crlpt (0. to l+) Moskovits -and Foelsche

Rk %

jﬁj "”(1970) suggested that the fluorescent antlbody technlque . -

3 '1__..‘ ‘j :: .’ ) . . . . )
"A-ldentlficatlon procadures ln the dlfferentiatlon of marlne

A, —-..‘

~m1ght be’ an effectlve alternative to laborlous L e

’

.

vy f'.‘ . 5'pseudomonads £i on-pseudomonads., The resultS'j«

e

;,“Vﬁii“f ﬂ“'ffobtained ln the present study appear o Support this_’;
f"yl, e ~'-" R PR T

T .. . . . e . . et S . oy

SN S "NUMERJ:CM} _?TA:'cono'Mi} ,-’; SRR

—-

Few studies have been performed on the groups of marine

l.c' K » o ' u

Vin":ﬁﬁ bacterla, so that the taxonomy of these micro-organlems ‘is DAY

Y _'Stlll in a state of°confusion._ One of the difflculties - e

'1s that bacterial taxonomiets apparently have not decmded ’ n‘”{ .
'";.;':" ._‘whether morphologlcal biochemical or phyeiologloal ‘ '

' characters should ‘be of prime importance, so that the 4‘ “}~}

;critéria for identifioation are unclear (Wood 19674 N
L ' B
il . - ) >
' “ b
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'%T SRR : According to ingram'ana Shewaﬁ (1960), OVershadowing this-

7 L ‘are the "dlfficulties of defining even genera‘ whicp

spring from misg1v1ngs about the validity of characters - o
. Lo .0

)

like flagellation and pigmentatlon,.long thought to be -

! L stable and fundamental" : They suggested thac, 1n rﬁgards

; ! o [‘ "to Pseudomonas?and other marine genera, "it may be . e ' L
P necessary to rellnquish ‘the old " conception of the genus A
; . » . as- a distinct’ systematic unit characterized by basic =
{', . .. 2. ~ Qbmogeneity,invmorphdlogy'and‘metaboyﬁsmﬁ,~and‘opt.;. \.
'; L '>’ e Linstead'forlthe Vagnostic application'of the:Adansonian‘ \ '
: : techniquesh bf;Sneath‘s (1957} numericai}taxonomy.

o : . s A ' R ‘
?i ";. L o a Sneath and Sokal‘(1973) defined numerrcal'taxonomy .
1 ' *. . 1"as "the grouping by numerical methods, of taxonomic units"
{ R . into. taxa on the basis of their character st%fes"' : "t e
% - Numerical taxonomy differs from traditional taxonomy ' T -
" - R .1 malnly on the ba51s of the‘fact ‘that no’ character is :' o
g L ,; "non-matable" (ColWell 1964) Therefore no 51ngie -
n; . | '*_' character 15 indispensable 1h defining a taxonomic unit, Y .5:
éé = _-;,- "_' nor is 1t a sufficient 51ngle crlterlon. What 1s B R
E -' ':- .baimportant then, in dbfining any taxon 1s-ﬁot the ) : ]
Ezi ;i; f.;? possession of certain "key" haracters by all its‘members,ﬁ
i : but the overall similarity of the characters “the members
! SRR ~-posse95' Obvxously, it lelows that the greater the
—_— content oflinformation in the taxa of “any" class ificia tion S
| ~5. and the more characters on which it is based ‘the. better “:,1
e ‘ - <o N .i%% e .
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K e that classlflcatlon w1ll be (Colwell .1964; Sneath and =, ‘ o
. . N L . -, . o . ot . ; .. ’ .. ;)
e . . . . ] ¢
L Sokal 1973) . SN S o s
Y , . . ¢ ‘, ’ ' i LT ‘. R S . Tl b
o . . . e . S . C '
‘ Several studles 1nvolv1ng numer1ca1 taxonomy have ' ‘. . oy
. ) D - .. .. . R o -
b o ‘jbeen performed on marlne bacterla or on stralns .of those _" - i
t ' . . - ;
; . genera to whlch the 1solates examlned 1n the present study T
j\ * ° ‘ .. N ! .
£ have been assigned: Llston (1960), 1n a- study of

.
-

Pseudomonas and related genera, found that w1th1n the

.pseudomonads, there_was a large . group (related to P f ‘.

. '
RS . R »

R L Eglnosa) whlch produced a green fluorescent plgment e,

* were - biochemlcally active and had no reQulrement for

' 1sea water. Hls results ‘also 1nd1cated the posszble

~ - . oL T )4

.,.exzstence:mftwo other groups of’ pseudomonads, one of o -

whlch was unplgmented blochemically 1nact1ve and able to L - v
: ,grow withdut sea water whlle the’ other was psych:cophil:.c:,‘j

D4 l
Voo . ¢ 4 -
. . . &

o _biochemlcally 1nact1ve'and unable to grow w1thout sea

¢

o m“Water. Hesqggﬂﬂtﬁﬂa possrble relatlonshlp between hls
groups and those of Shewan, Hobbs and Hodgklss (1960) but,. i."’ -i:;

falthough a later study (Colwell and Llston, 1961) showed ‘, oL

RIS ' ey
o ST 4 dlstinct clusters wrthin the genus, these clusters, ' ‘?,|‘ .

'accord1ng1n biochemrcal oharacterlzatlon, dld not

i e . \ - T a
, N : R T o

'correspond «with Shewan 8 grouplngs. Unfortunately, : "f

further investlgat1ons aﬂbng these ‘lines haye not been
L - _pursued LlSth 5. (1960) results, along with those of

' Goodfellow (1967) who found that,pseudomonads Were a' j j.:'j- o

Qistlnct group with hlgh phenotypic similarity, Qupported
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‘51m11ar1t1es ex1sted among the stralns of Pseudomonas
; he studled felt that Rhodes deflnltlon of genUS was w;

_too narrow and that her deflnltlon ‘of spe01es was too

11 dlfferent 3pec1es.

'1ndlcated that the genus Aeromonas was closely related

. .
] - . o R r

“-
¢ s

the suggestlon of Rhodes (1959, L961) that the genus P

.'Pseudomonas be reduced to 3 closely related specles.

However, ysenko (1961), whlle agreelng that many ﬂ., i,

3

v

-

'broad;;n_scope. He found\two dLstrnqt groups‘-'one conr -

.. . . "‘ ‘ . .
taining both P.aeruginosa and -P. fluoreséens along:With

»

7

’ some.closely felated specles, and the Other gontalnlng

I .
. 3

P . . '
4 ’ . ot

The results of Liston (1960)'and>Goodfellow (1967)

-

m

' to the Enterobacterlaceae. They may haVe been partlally

'respon51b1e for. the movement of thlS genus fr0m the
Famlly Pseudomonadaceae (Bergey s Manua; of

’ /.
(Bergey s Manual Determinative Bacterlology‘ 1974)

.

. Simllarly,Baumann, Douderoff and Stanler (1968), t, lhf

. PR

”Thdrnley (1967} 1968) ‘and- Plnter and Bende (1967) may have

been responSLble for the abolltlon of the genus Achromo—

bacter and the clariflcation and redeflnltlon of the

genera Aclnetobacter and Alcallgenes. .f. '.Aﬂa;'f' SR

o

Numericaltaxonomy studles have 1nd1cated that Vlbflo

1'. appears to ‘be, the major dlfficulty 1n the classifioatlon

. [N ',1
oy .

3Determinat1ve Bacteriology, 1957) to the Famlly Vlbrlonaceae..

.

.‘a
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k o - . ,‘_'-.'of qram—negastlve marlneA rods ,- as strains a551qned to- thJ.s . a
. q_-_ 'genus -have been found wh:.oh are closely related to 'a.a_most ’ ‘
LA all the other mar;hne genera-q“ Pseudomonas, Splrlllum: ' ) )
, | . ’ - - Photobacterlum, Flavobacterx.um, Alcallgenes ,M&eromonaSX “
| | ‘ (Hughc‘and 'Leifson 1953 Llston, ‘19607 Colwell and _LJ.ston‘,." ‘
. SR 1961-- Colwell and Mandel 1964 Johnson ,‘ Kataf’skl and. . - R 3
! S 'Welsrock, .1968) -This’ is not at . all surprlslng singe: t.h:l,s . '
genus- has traditlonally been def:.ned on -the bas:.s of cell |
q ,"v' 'morphology and flagellat:.on, both of. whlch are very ' ]
- N mutable characteristlcs. ‘f; L R o _
'I‘he results ofastudy of 200 marine stra:ms by ,.
. :,.-..«IJohnsonh, Katarsk:., and Welsrock (1968) L using numerioal _— ’ o
- : _taxonomy,suggested that a cont:.nuum of: %narlne bacter:.a ' E ‘ ”
o . o 'w:Lth.all possmble lnter—generlc strains e‘xmted 'I‘h:Ls L .
. S Q ; "was attrlbuted not only to the fact that the organlsms o 4, ' .
ﬁ ) - tested Were members of the largest group of bacterla : . .
" i (gram—negat:.Ve rods) 1ndigenous to pthe acknowledged site P
’ o o of orlgin of all 11fe {the seas) . but also to the fact 0
5 o | that the genern.c crlterla used were des:x.gned to :Ldentlfy L '
o Y S evolved ami establlehed 1and and pathogen:.c organ:.sn}s. >
¢ S .' The unsu:.tab;l.l:.ty of the tests used to J.denti'fyﬂmarlne" N
Ay isolates had prev:.ously been mentloned by Llston (l96o) , "T - o ;
;%5 . 'who pointed out. the amblguqus position of those marlne AR v
:}E o . ‘-' o stra:l.ns (such as Acinetobaoter) notable for the:.r lack of |
\E{’ o ‘@ reactn.vity in the usnal ‘b“:l.oche’m:.cal and physiological tests.
b re : ./ " " . . . ' . AN - . ‘~ R
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_ These failed to cluster with any other groups in his ' ST

analyses and those of other workers (Beers, Elsher,-" i o .j;. i

;'develOPed., DNA- base analy91s miglhit be of conSLderable ’3E;

Zlmportance here,°for hlgh degrees o; 31m11ar1ty between

“have beenfbund (Colwell and Mandel, 1964,,Colwell et,al_," o ‘j‘l‘

4,329 (0.01 to. 4. .33 per ml). P L

"numbers of . free bacterla found 1n the ‘sea water 1n whlch 13“3-19-;:'
'the tow was made. Waksman, Reuszer, Carey, Hotchkiss,. -

’:.and Renn (1933) found that from 500 to 2 270 times more ’3 R SRR

EEES N . .. - ‘.
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Megraw and Lockhart 1962' Focht and Lockhart, 1965, S a . : %
“Plnter and.Bende, 1967) Llston (1960) recOmmended that, - ii
1n order to create an orderly system of classaflcatlon, * “'a\ﬂ].“"-%g
- new tests to whrch marlne genera could give positivef o FA Zg
_results probably based on nutnltlh\'vf}:"‘requrrements, be ' ) '5"'

S

oy L o o oy

P
Aty

thlS characteristic and the results of numerlcal analy519

L965;,Ley, 1968, 1969;ﬂBaumann, et al., 1972) 2‘ . '
E - . - . . . ;o . i i
. : . . . o L o . C . | L
BACTERIAL NUMBERS ~ . . : .. A A
i " :. o . " N N . - . . A s
1a.' The quantltatlve bacterlal data‘obtained in this

8

:'study from plankton tow samples show that, over. the one- - f'fg«' ,°'+

..t .

“year perlod studled and for all depths sampled the number . ‘-uﬁfu

of bacterla per 11ter of plankton tow ranged from.lO to,- . ’, Q .
/Q N .‘ . M :) "'.'. . :.\ .

' « ")- . . "\ . ' LT S . T

A number of workers haVe attempted to relate the R N ij

numbers of bacteria present ln a. plankton tow to therﬂ.. T S

v .
.0 % B ‘

e
.
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*. Velankar (1950 1955) reported that the ratios of free

,bacterla in sea water to bacterla attached to phyto—

1955) mlght have been due ‘to’ the fact that he used a

-other workers dld not o “2"

I’

ffj counts were 10°

T
- ' A

“

¢ et L g J NWWWWWWMWW l! 175 ik 1.;-‘-*.
L

bacterla were assoc1ated Wlth phytoplankton than were

found free in the ‘sea water of the Gulf of Malne.

Ay

' plankton ranged from 1:5 to 1: l 900 for the Bay of Bengal,

from 1: 70 to l 14300 for the Gulf ‘of- Mannar, and from

‘n-l 30 to 1: 2 400 for Palk Bay, between Indla and Ceylnn.

However Moskov1ts (195l), working in V1nyard Sound

Massachusetts, found that there were only 0. 001 to 0. 09

1t1mes as many: bacterla assoclated wrth the plankton as

-,lwere free 1n the sea water. Even when the plankton were

i o .

'ground up to disperse the bacter1a1 clumps, there were
. 3

’Stlll only 0. 008 to 0. 2 trmes as many badterla 1n the I

plankton as there were in the sea wate 'a He: suggested

(Moskovrts, 1961) that the dlfference between hrs results :

and those of Waksman et. a1 (1933) and Velankar (1950,

'3uquant1tat1ve plankton sampling procedure, whereas the

PR

.
oy

The relataonshlp found between free and attached

a

bacterla 1s further compllcated by the method used to ,:-.
.ﬂenumerateihe bacterla.. Taga and Matsuda (1974) found -

"that when . the plate count method was used the average

.5

liter from North and Equatorlal Paclfic Ocean water.‘.~'

attached, and 103 free, bacteria perA{ R

A e ot
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_'these studles, no further guantltatlve work was done

. . ..
[ . e L. v
. T, St .
B .

“r L

3

HOWever, when ‘the numbersuwere determlned by the dlrect o

« "

mlcroscoplc method ' the free bacterlal populatlon was

‘ found to be larger than the populatlon of . attached

bacteria by a factor of 6.5. ¢

W s v ’

- .o - « -
. r._ R
. \

It 1s, therefore, lmp0351ble to accurately determlne

the bacterlal populatlon of sea water from plate counts

of plapkton tow materlal However,‘regardless ‘of the:

“ 4

exact relatlonshlp 1nvolved in the present study,.the
plate counts of both plankton tzgspaterial and seawater

lndlcate that the bacterlal populations of the sampllng

-

- ‘area were very low. K

Few quantltatlve bacterlologlcal studies of the

»

North Atlantlc 0cean ‘have been made. Flscher (1894L

’

sampled from southern Greenland to the Carribean Sea -
and, u31ng the plate count method, found that the highest

count lO 000 COlODleS per ml, occurred just south of the

"

Grand Banks. Minerv1n1 (1900) sampled the North Atlantlo

~

approXmmately mid-way ‘between Europe and North Amerlca o

‘and found that his, plate counts ‘tanged from so to 108"

/colonles per ml. Beoause of the nature of thelr samplxng

*

and cuIturlng technlques, the results of both of these o)

' ;workers are questagnable. For almost 60 years after

'on cold water env;ronments of the North Atlantlc Ocean.

’ L - . g
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-nmmbrane-flltered

usampling“from the.Panama Canal to: Rhode Island dld

R '-103-"~.. s .

Krlss and his colleagues 1n 1959 sampled 1n a

" transect’ aloﬂg 30°W from the Arct1Cuto the Troplc of -

.Capricorn, and found that 90% of the samples taken

4

Abetween 40°N and 48°N had from 0 to. 9" colqples per ml,

whlle the remalnlng 1&% has from 10 to 99 colonles per

ml’ (KrlSS, 1963) Samples in whlch only 51ngle

>

'__heterotrophlc\orgﬁnlsms or none at all were found

} . -
made up 99% oﬁ all the samples taken from the North

Atlantlc (KrlSF, et al., l9d}) Sampllng was repeated

’from the ‘Arctic to the Antarctlc 1n 1969- and. the = = *

e |
results were simxlar} for in approxlmately the same

x

area, 94:6% of the samples had from 0 to 9 colonles
and 5.4% had fﬂom lO to 99 (Krlss, 1970) In- both

cases, the flgufes were based on the number of coloniés

produced after. 40 to 50 ml of - se, water had‘been

n

’

]
- | K]

N
I 4 -

Krlss'_exten51ve sampllng in the world oceans

‘1have led h1m to suggest (Krlss, 1963) that the number

:of bacterla per un1t volume of sea water decreases w1th

Tt e

lncrea51ng dlstance from the Equator to the Poles.i'lf

'T'thls be the case, bacterlal populatrons in. Newfoundland

waters should be very small because of‘the 1sland'

,a

eographlcal posrtlon. H0wever, Sleburth (1971),

_nqt find a regular decrease 1n bacterial concentratxons
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E w1th 1ncrea51ng latltude.. The majority .of his samples: _3-- :
;': e T 'all had]ess than 5 colonles per ml, although there were -, “,;
ﬁ ’ sporadic hlgh counts." ThlS 51tuat10n was, attrlbuted to : . “uli R
4 / e \ . b3
4 ““spotty“ productlvrwy rather than to- geography. "It is A Ty
5 - B "i)
N » ‘unfortunate that the sampllng was not cont}nued farther .
[ AL . A
X northward ‘as ‘even "low" counts of 5 colonles per ml are=' I g
;"wﬂw : hlgher than the counts btalned in the present study. . "3j" a
The results of Wlebe and Hendrlcks (1974), who sampled A :
. along a transect ln the Antarctlc Ocean; are also at '5_; coe
/ '.._‘4\\ ' varlance thh the global geographlcal pattern of : T o o
. bacterial numbers suggested b”’KrlSS, for they found ' .
' that C.F.U.'s per. ml ranged from less than l to a few '
100, which are much hlgher than both the values obtalned. ] o
. by ‘Kriss (1963 1970)‘and~those obtained,in the present Te
o o ' . Regardless of Whether or not they are part of an", ". ' ) 5*gﬂ
overall geographic pattern very low bacterial populations, _'u'" ' f
: . . . such as those encountered 1n the samples of the present;; i_ e ’1j
4 s study may be caused by a number of factors (Renn, 1937-."‘ o )
Y ) L o - h
« ' - Waksman and Hotchklss, 1937) ' Chief among these are: .~ . . :
ﬁ . | ] T low concentrations ‘of suitable nutrlent materlal, near—'.-c Jja
& T freezing temperatures, and unfavourable reIataonsths
'ﬁ ' w1th other organlsms., e L '.f - s E
5 . i Ce o : ‘
5 ) s >
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o . ) ST . C
: ‘ o . o -los- N : ,
- s pRGAN'I_c MATTER .. 5~."; [
4ooe . . - ¢ . - T
: . . " The vast majorlty of bacte’ria 'J"ln 'the sea, 'lncluding B .
o .{ji;all those 1nvolved in -the present study,'are heterotrophlc "kfl o
"t g .',“Liﬁand thereforeg reqdlre, for thelr growth ‘and metabdllsm, :_‘D.Eff -
. pre—formed organlc materlal, of whlch two typ;s, dlSSOlVed
-*. e and partlculate, are present in the marlne environment.. T e e
s ‘" 0 Although some of the dissqlved organlc portLon enters - “ﬁ-:.i‘ 2
: - the sea. as land run—off, most 1s autochthonous ) :“ C- . %
?*'. o .. (Provasoll, 1963), and con315ts of the decay products of : ’
, dead organisms, the extracellular substances produced by' :
P ,‘algae, and the excretion of marine anlmals (Rlldy and ’
.o .i Chester, 1971) Particulate organic matter is of, three ; v .
y v‘ﬁ types-- 11v1ng phytoplankton detritus, and organlc ‘ ‘I g
; . v aggregates.’ Parsons (1963) estimated that llving phyto— J
f - fl .: ﬁf ,plankton comprlsed only 20% of the total particulate C
%’ . ) organic matter whlch in turn, is exceeded by the i
ﬁg ) dlssolved fractlon by a. factor of at least 10 to 20, |
g% iTheqconcentration of>tota1 organic hatter ih~the-seajf :flzf'f §
i% : Ny has been estimated to be 4 5 mg per 1 by Krogh (1931), |
mé? 2 mg per 1 by Skoplntsev P 9 and 0., 2e2 .7 mg per L Q_ : ;:%fff ‘
[ - by Prova5011 (1963) - Rlley and Chester (1974) stated ' 'if‘ i'f{;.“
); i-L‘ R that the portlon of dlSBOlVEd organlc materlal in the f' R
'_ ' oceans ranged from 0 3 to 3 mg per 'L, but added that in
.75' :I j~coasta1 areas, the concentration could.be as high as 20 "f ‘
| mg per l because of increased pollutlon oF" higher phyto-h‘ - “
T . . c
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plenktoﬂ populations. Skopintsev (1959) determined that .'_t;f"' .

: the concentratnon of dissolved organlcs in the North v’ oo

Atlantic Ocean ranged from l 04 mq oer l to 1. 94" mg per l, :;"i" $
and. referred to othér Ru551an workers who found values ‘of. R 1~f3 ) o
2 40 - to 2.48 mg per l for the same area.. Duursma (1961)
also investlgated‘dlssolved organic matter in the North ;;.--' ;,;“;
Atlantic, but obtalned much lowen values, l e., 0 2\1 3 ?g:f.}ﬁ_ttf .
mg per l.;, Lo - '=:_ e u,'“-:):.'." ‘»“'; fu=,f:ugﬂ -
. Y .‘ R ) . . ,;.‘, . ...:.:-‘ ".‘_‘-‘.' --'- -.‘,, _‘ ': ]
Not all of t, organlc materlal present in sea water 'f{i : é
can be utilized by bac eriag as most of the diFSOIVed 1 %
i+ 3

portion and a conslderable part of the detritus 1s ‘quT;:s“g':.=%“=ﬂ
: re51stant to bacterial decay (Krogh 1934v Menzel and ;":‘i;ign;..
Goering, 1966, Riley and Chester, 1971) Acgordlng to '

ZOBell (1546), the»concentration of organic nutrients f{:k ;;;~3ii§%

anailable to bacteria in-the marine environmentréa at#" in.,. SR
t 23 below the mi“imum required. by many hacteria)and .:t;¥.1;é¢f;fﬁn,

considerably 1ess than th;t whlch is.olalmed to be L

e‘;'»_ -

essential for heterotroph multiplication,'i e., 10—100 ‘fffc_gig-} .

mg per l.“ Therefore, organic carbon has been regarded ﬁim”:&t~”::2°” .

D

as the principal factor limiting bacterial populations ;}fg.nﬁﬂ

in the seas (Waksman and carey, 1935 Waksman and Renn,-i?ic_-'ff— :

1936 zoBuJ., 1946 Krisa, 1963) -" f
Because the Vast majority of bacteria living in the _.1ﬂ¥?f-;w

t sea name been found attached to particulate matter Buch Jg.;;;i;iﬁt g

!”n as'. detritus or 1iving plankton (Lloyd; 1937; Prescptt “ f;ﬁ{?;gfi‘ ?

DR ',75 ﬁﬁ N :’f:i?klzi'w“’ TR -‘ii‘-fb' nﬁ.ﬁ-g
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T pacteria are able to utillze the dllute nutrient material Co

e the sokid—liquid int rfaces, cause a change'&h the pro—‘;“ -~

. ”:' and Winslow, 19313 Waksman et a1, r933_ StarkL'Stadler, S
7.+ sand McCoy, 1938,_zoae11 1934), 1946, Bader ~Hoody andi’ 7 o R

13._,\ Smith,~1960 Sekl, 1971), At has been sudgested thatn":;,ﬁgf;"._{q. ;

. v e

s L

L :-.x in the sea, Only lf it be accumulated or concentrated ST ,Tf
, onto solid aurfaces. rAécording to‘Kriss (1963) }solid ) \j';{ﬁii_'“@y

- surfaces not«only adsorb orgapic materiai but also, at L e

| o 2: . pertles of some.types of organic mattet so that a stable ’nit- L ;
- 1}; jf‘@: " form becomes'more susceptﬂble to bacteridloenzymeﬂaction.f:ﬁﬁf’;{:_1~
N 'f i ~In addition, solid surfaces rbtard‘the diffusion ofs v i-'%i":'lﬁé;
: ,{_; { u“exoenzyﬁ;e andupartially digested food away ﬁrom the ;Lu:,;‘;f;jf:ﬁ,x

L :.1;7: bacteria (ZOBeli l945)p southat decomposition processes; “ e ST

:“;"' r'-3 Bader et al @1960) notedf:hat 1n6rganic—particles 1n ft.;;‘L'f;‘ }E
- ' the sea water are’ also of“importance in concentrating 2?15_{,5'
. nutrient material and,,thus,,affect the number of bacteria- 95'
i . present.‘ B ]_ ‘%"_ -;' ' :
T B R Tl ..
R The amount of organic materiel oreeent i
- K 'uj,_variqs horizontally (geographically), vertically, and_ 53_:1,ﬁ5;;;;~‘
R .situation ggplained ;he_f
e LA . 4'. \) - !
,. ) L . ":Q, -.‘. . !‘ '., v ‘
W N [_Hj . S s




L3
e

A A T . s

v f B st ~':~TW'*7**‘:’~“"-‘*H :"‘-‘{’A rgw _ o -f;":';w *'sf“" Wﬁ“‘""« SR R “"""“:% S ‘ .‘
N e e L L AN R
.i . 'ﬁ-gf corresponding decrease in bacterial numbers which they
. e found ’Tropical seas,. which_were rich in microbral .

A —clife,‘received considerable enrichments from terrestrial
o ) ' sources,fas many 1arge rivers, draining through areas of
€ _-IICh plant and animal 1ife, eﬁpty into them. Such .'i‘
E materiaI‘Was little modified,'"unhumidified";and of ;
) allochthonous origin (Kriss,‘1963), and therefore,éil
: A.; readily available to bacteria., However, in: higher_}
f 1atitudes, despite the rich productivity of plankton,f_ } ;
‘ R less organic material was available to bacteria because .
;. this material was nminly autochthonous in origin and ;L
: g was, therefore, more resisthnt to bacterial atﬁack * ?’
';1 (Ktiss, 1963) : Duursma (1961) found wide horizontal ,;
: variations in th‘e concentratlon of organic matter in , E
o the North Atlantic, but he»did not report any relatdpnship .
a _ to latitude.n?f'i-?fjgfp,'r'“ jﬂ el ' L -
' . No_infcrmation is availabje on the&concentrations of .
:: h crganic material in the water at’the sampling site of the. o
%1¢'.1allochthonous. But is is‘ﬁossiblefthat the concentrations ‘ |,"V
N R T

e

-

"
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. '_may:eﬁplainfthe low:bacterial:numbers_encountered{':p C T ‘“.;ﬁ
The concentrations of oroanlc matter in the seas ;1J o . -A;.jé
varies w1th depth.(Duursma, 1961 1965 Parsons and "'f -;. o
| Strickland, 1952- Horne, 1969), .and these variations-:; X | ‘ ‘;‘ 2
. are reflected in the differences in bacterial numbers"'u". - b;. ?
,; w1th depth T ui_;}: ERC o | %. ‘
. According to. ZOBell (1946), there is generally a. ;f‘x:’-,"Q.; ;
. regular increase in the number of colonies from unit . ". ;"%‘ln
~ volumes of sea water downwards to depths of 40 to 50 n1' h% .; \,\
and then a decrease until the SEa bottom is reached.. ; : I;:
This stathment was based both -on, his results and on’ . LELF"ﬁr?~f .{ ;3
. - those presented in earlier studies (Schmidt --Nielsen,—- ifz j ; -Jii%
1901[ Otto and Neumann, l904,vBerte1, 1912 foyn ‘and - "{'T‘:':' i
: ’l‘ Gran, l928) However, the results of some other workers 5-{‘ N
. were~not consistent uith ZoBell's (1946) statement. ;-I? ‘ Q'K;-‘D
Drew (1912) found a repular decrease in bacteriallnumbers SR .
' ., .with 1ncreasing depth 1n the West Indies, and LloydU' ‘ 1‘?
' (1930) found similar results in-the North Sea._ Jannasch“ : :3 Jt??fﬁi
" e and Jones (1959) noted a situation apparently opposite ~.ﬂ‘~fl‘i:‘ |
to that described by “ﬂoBell (1946), in that théy found : .
-u that counts off the Califbrnia coast were: highest at N ;;f:jz;,':h'lp
¥ .?E the surface, decreased steadily to a depth of about 75 wf:_v.:.i v
f\? 7'32 m'nand then increased .-Kriss (1963) foundrdifferencesain flif;fiif-ﬁ
'f l:§ counts from samples taken at~different depths of the same }1{*?#?
:* station, from samples taken at.the same aepth of different - o
‘; TfT‘TI | '@' | ; PR Sootha VLD e | @f
. g e
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\stations, and even from multiple samples taken at the same
depth of the same station.‘
differences to variations in the concentrations of organic

material present

2

[
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Kriss (1963) attributed these

. Other examples of apparently random

' and’ irregular vertical distribution were reported by -

' Brisbu=and Rautlin de la~ Roy (1955), Castellv1 (1967),

art
‘a
2EA

na CViid’(1967)
>

Ezura et ala

(1974) found no

'SLgnificant differences between samples taken from

'.Akkeshi Bay, Japan at different depths, for most of" the

year.

'between

_depth. |

1t

' ZPZoBe11,
ﬁ-numbers

-

'i;:'presence of a. thermocline.

@

L4

1946) that regular differences in bacterial."'

. The rapid density change at ;

the s;ze of bacterial populations and sampling

-

“In the present studg, no. relationship was observed*

-

e

: :- .‘_" :‘ - \ . N . e
has been suggestedfdschmidt - Nielsen, 1901;

with depth occur, not. 1n well-mixed but in.

- stratified waters, such as those associated with the -

-:;the thermocline should be expected to slow down the

i?:tsinking of the particles to which the bacteria are
P Q‘

'd‘attached, 1eading to - their accumulation at that level

' Q(Harder,

g-fparticulate matter as nutrients and multiply, an increase

1968; Tanaka, Nakanishi, and Kadota, 1974)

5‘As9uming that the bacteria -are able to utilize the

vin’ bacterial numbers at the thermocline should be expected.-

.‘However several workers (Kriss andﬂ?ukina, 19523 Jannasch

]

0 weanre
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:'seasonally. Populations of 1iving phytoplankton undergo‘

--depending oh latitude) and rru.nima and, becauSe almost all,'_-

f ‘.the organic material 1n the sea 19 ultimately derived

'.<summer, a. 1itt1e later than the planktOn bloom, with a’

lowest hacteria'l counts at thé-thermocline-. In rth'e B

.. present"st'udy, the exlstenC:e of & thermocline had no

' ,from the photosynthetlc actlvity of phytoplankton, the :'_ ";

t

-

and Jones, 1959; Erura,'et al., 1974) have uoht'ained' the
. P A . — e—— K “‘s . I

o

apparent effect on bacterial numbers. e ‘b ;A' ‘ o
' ‘. . ',. .,- ) ) o ;( . . *,
In- £he surface waters (upper 100 m) af the oceans, Sty e
. the concell\trations of all, types of organic matter vary - IR

a yearly cycle of maxlma (spring and autumn blooms,‘ o , I !

amounts of such organics also have a seasonal variation.

S

‘ .Duursma t1961) found’ that- the hi.ghest concentrations of

dissolved organic material occurred in spring and early '

minor maximum fo’llow:.ng the autumn blooxn.k 'I.‘hJ..S was s -, " " L

s

- attributed to the release of large amounts of or‘ganlc S -

o matter J.nto the oceans due to the breakdown of the phyto-— " : T RN

plankton cells. 'I.'he same cycle was found to be

[

) characteristic of both coastal and open—seas environments, C
.although the seaSOnal changeé were less pronounced J.n the :
latte::r (Duursma, 1960) [ Because they ‘are. formed f,rom ;' :

dissolved organic material (Riley, 1963 Riley, Wangersky, .: y

B and Van Hemert, 1964- She"ldom Evelyn, and Parsons, 1967) 5 .

the number of\ organic aggregates present in the oceans S

Yemma . . T
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ol ;as‘the phytoplankton populat:.onsnrose and fell.. It was .- ﬂ e T

°
-

'-number of- dead OL' dylng cells was greatest

material 1n the waters supplied hy the dead and dying

‘“plankton organisms (Waksman et al. ,, 1933,' Moskovits, '-"

.
A
[

S . =l12-

: 15 dlso dependent upon phytoplankton populat:.ons.- The -
-amount of detr:.tus 'ty also dlrectly related ‘to. phyto*—-’ C

' plankton and was found to be hJ.ghest shm:‘tly after the

bloom (Horne, 1969 Menzel and Ryther, 1970) when the

|
o

- . . . .

. Phytoplankton are the pr:Lme source of nutrlents for

.bacterla -and they also prov:.de SOlld surfaces ‘for 5

. -
kN

bacter:.al attachment and the concentration of dn.ssolved

.~nutr1ents, SO lt is not surprls:mg that “numbers -of

bacterla are closely related to numbers of phytoplanktom

(ZoBell 1946) A number of workers (Gran, 1933; .o
‘Waksman et al., 1933-‘ Von Brand, akestraw,.and Renn,_ ‘
‘1937, Vorosch:.lova and Dlanova, 1937:; ZoBell 1946,

o Moskov:.ts, 1951 WJ.llJ.ams 1951 Deveze, 1955, Seki,

‘ ‘:< 1971) have | 1nvestlgated t}nis relat:.onshlp and all have

4"found sim:.lar results. ' They found that, espeelally

during the bloom, ) bacter:.al populatlons rose and decllned

<|"

'alao demqnstrated that as planKton numbers Were declining

. at the end of the bloom, bacterial populatlons .rose,_ T

often reech:.ng h:.gher numbers -than when the numbers of

‘phyt_oplankton were greatest, This was attributed to the

',utilization of the increased a.mounte of labile organic

R A




B

.
LA N

st

o

oo

v KT

A At
©

Cos

1

except for the bloom perlod.

TEMPERATURE

-
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- 1951; Williams,

1951): .

a

In the’ present study, the - relatlonshlp~between the

=21

bacterlal and phytoplankton populatlons is not clear,.

Durlng that tlme, at- each

depth sampled mlnlmum numbers of. bacterla océurred when

.

phytoplankton p0pulat10ﬂs were hlghest. Tth mlght be

due to the- secretlon of large amounts:of antibacterlal

substances by the plankton (Sekl, 1971).: Numbers of .

bacterla started: to 1ncrease once plankton numbers had

reached the1r peak and started to decllne. Thls is’ 1n

4-.- o>

" accordance w1th the results of studles already mentioned

-~ and was probably due to the utlllzatlon of the organlc

@

¥, -:-:%‘3",“_ 3 r*f%i _k!'L E“i“!! R

materlal.%%berated from the decaying phytoplankton cells.

L. - . . e o A

. . . . .. . o S e . . .
-b . L . . . - . L. A,
. ... . s

« "y

1‘L2' Temperature profoundly affects the growth and

metabollsm, cell e;ze and morphology, cell yield,_.’x

nutrltlonal reque:ements, enzyme conptltution, and

chemlcal compoemtion of mlcro-organlsms (Ingraham, 1962'.'

1 . . “ . .

Farrell and Rose, 1967), yet the effects of low tempera-_'?

R ) (-
tures (SC or below), oharacterlstlc of 95% of the ocean,

"t
»

Ju on marlne bacterla are not well understood (Morlta,,,

.‘. [

1975).' However, 1t is doubtful that temperature has much

+
- -A\
)

effect on the numbers of baetetla found in the seas,. f..

P "

B "o

because whlle low temperaturee slow down the rates of

\ T,
o

~u‘>.

,K

T

[RITN
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s | ' metabollsm and %rowth,, they also increase generat1on time - -

o " and decrease the death rate (ZoBell l946, Ingraham, ‘1962) .. _'

N o o . - R '. . .
S . .- E . . L
N . - . -

In the present study, bacterJ.al numbers and water

t’ N ’
Lo f temperatures were apparently unrelated.~ Several other .
o stud:Les conducted over per:.ods of months or years v

‘ e

L 3 (Moskov:.ts,,lQSl Velankar 1955 SEkJ-, 1966 ; Castellv:.

1967) J.ndlcated that only vague relatlonshlps or none

° . ! P I

W ' o . at all ex1sted between the 51zes of bacterlal populatlons
S . and water temperatures. Wood (1953) reported that .~ "
LT W S

e P 'bacterlal numbers off the coast of Austral:.a were

-
. .’

e . greatest when the water té?ﬁp‘é‘&ature was hJ.ghest, wh:.le
. ': T ZOBell and Feltham (1934) found that h:.ghest bacter:.al
O numbers were. obta:.ned when the water was coldest off

'
2 .

. La, Jolla ° Cal::.fornla. . However'; -'J.n both these stud:.es, .

gt

. . a relat:.onsh:.p between b cterial pOpulatJ.ons and water

i |

temperatures was‘n‘ot apparent over, the entlre perJ.od

P L T

PR

-studled.l R

1

ut M

- CT Altschuler-,and 'Riley' (1967)- and Sleburth (1967)
.. Lo studied the bacter:.al populat:.ons -of Long Island Soundf

and Narragansett Bay, respect:.vely, over extended periods

‘

. ) ) of tlmé.‘ At regular 1ntervals, :they colleoted samples "

from the sea water and i.solated bacteria from them, ‘ _\_' ’

. ! :
. , .. [

, using a number of d:.fferent incubation temperatures. It

4 . ‘

was found that, :m both studles, the largest numbers of

"H‘u K S
.

::;‘:, " ~': bacteria grew on- those plates ‘incubated at the temperatures

clvmamm—

o

~
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' two :anubatl.on temperatures, 20C and 5C, were used but

E

found, despite the fact that the water temperature was

' SC or lower throughout the ent;.re year at the bottom.

differences between the 20C counts and the 5C coUnts were

I ’ . "‘_ . "--n

=115 -

wh:Lch were closest to- the water temperatures from whlch

the part:.cular samples wes(e taken. In the, present study,‘

. the s:Ltuation as descrlbed by Altschuler and R:Lley (1967)

" <

and s:.eburth (1967) was not encountered. No 51gn1f1ca’nt

I

POrre Y

sample level and over a large port:.on of the year at the’

o . . . ’

'“surface and m:l.ddepth (thermocline) o IR D T

Both Altschuler .and Rlley (1967) and Sieburth (1967)” .

jlndlqated that, although water temperature selected

."therrnal types"” (bacterla best adapted to the part:.cular

',genern.c compos:l.tlon (based on the J.dentlfn,cat:n.on scheme

. _of Shewan et al., 1960) 'of the bacterlal populatlon. _

'present study was not determined, the numbers of pseudomonads I

.and their percentages of the total bacter:.al populat:n.ons

"water temperatures prevaillng) r it dld not determ:.ne the

% o

' _‘Although generJ.c composition of the samples taken J.n the

.

.

.

.were.' Except for the surface 3amples, where they appeared

fto be more prevalent in the autumn than :.n the w:..nter to e

)

summer per:.od, pseudomonads did not appear to undergo a,
seasonal selection. Accordlng to Altschuler and Riley

(1967) . Pseudomonas, along with SEJ.rill and Vlbr:.o, f“‘_','.

"contributed elgnificantly“ ' to the summer samples btrt

oK% a0 .
’.‘.‘frgz'":" Tl . ,
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o Co were of 11ttle lmportance at any other time of the year in ,
‘ . ': I '_._'.Long Island Sound Sleburth (196 7) found that .. L
r o _ ANarragansett Bay, the quantltative lmportance of Pseudomonas
' L ) ,.-varled randpmly th“r(oughout the. year. , o ‘. e
‘hi % .. S ' - ‘The term "'p‘sychrophile" ;- o:.ned by Schmldt - N:Lelsenﬁ
3 ! . ‘ (1902) , is used to descrlbe those bacterla able to grow
‘ -.and multlply at- low temperatures. Cons:Lglerable confus;on
‘ : o " .. . "exlsts aboht the maxlmal m1n1ma1 - ahd. optirua.fil,jtelrl‘p;'eraturesx
.; T : for the growth of psychrophlles, s:mce‘”' theiterm has been & . .
' , deflned in a varlety, of ways (Mor:Lta, 1966) However, a
E ' " the- most recent and probably the most, useful def,mltlon
e 'states that paychrophlles are those organlsms "hav1ng an
i.‘; L ‘ g optlmal temperature for growth at about lSC or lower, a | ¢
f T max:.mal temperature for grdwth at " about 200 and a mlnlma'l ’
o "_:‘ S ’tet_npeg_:_'ature for growt_h at oc .or bel‘ow"l (Morita,'; 1-975? S P
‘I S '." ' e Because of the 1ow temperatures characterist:.c of . .
“:‘3 o ' ,. smost of the marlne environment, rt 1s generally agreed’ . '
# (Ingraham, 1962 Morrta, 1966, 1975, Farrell and Rose,. -
i;" 1967) that the large major:.ty of marlne bacterla, o °
E espec:.ally members of the genus Pseudomonas, are a
L psychrogh:.les. The results of the present study, how-' -
i _ ) 'ever do not ind;cate how many psychrophiles, J.f any, . | -
T :l i ’were present, because both temperatures used (20C and .
) sl ' - "50) lie w:l.thin the temperature range of psychrophrllc, . ‘
g } , SR B
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- Bacter_:i.al- populations ,in. the oceans are affected .-

by the acti}iitie.s of a’ variety of mi'clro-_-oi'g:ahisms,

- including phytoplankton, bacteriophaé_je 'and other bacteria. ' 4,

ERae *

Phytoplankton and thelr actlvitles closely a‘ffect‘
the bacterlal populatlons of the seas.' As has already
been d:l.-scussed phytoplankton prov1de neariy all the‘ Yo
, .' Lo nutrlents needed by the bacteria and also supply solJ.d‘ |

surfaces for attachment .

. N - M . N »
. L . . ',

-

Sek1 0971y found that although many bacter:.aa A : °_“ B
‘ attdched themselves to phytoplankton following the bloom,' |
s .A Q. few, J.f any, attached before -ox” dur:.ng the bloom period:
o | and- were found, 1nstead, on detrltus. Moskovits (1951) " ' “
noted that wh:.le the munber ‘of bacterla attached to . | |
' phytoplan‘kton was greaterrthan ‘the number free J.n the ‘
RIS water when the’ bloom was decllm.ng, it was less ‘than R . \W
the number of free bactena before and durlng the bloom
PO ~Plankton cells are alive and healthy before and durmg .. S

R the bloom, but are dead and decaymg after this period

‘ has ended. A number of workers (Steeman - Nielsen, 1955, .

: T Oppenhelmer and Vance 1960 Moskov1ts 1961 Droop a.nd ]
, | ElSOn, 1966) have found that bacteria read:.ly attach R

themselves to dead phytoplankton but are rarely, J.f ever, . R
5 . . o ? . . o L L o ‘ R « X :

o v oot . ’ . attaChed tO llving ones .. . -“ ”'.‘ - ~ ) . ; ‘ .'

“‘ ' i . N N v . * . N

. sooete e e T
- e - o L ar?
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'Droop and Elson '(1966) concluded, that healty diatoms

>,

o -118- .

o e ey e

-

N

.

“have some "defense mechanlsm"'whlch prevents bacter:.al

‘attachment and wh:Lch is lost when the dJ.atoms dle. SekJ. !

0

- '-(1971) suggested that the mechamsm involved is ‘the

productlon of some antlbacterlal agent released J.nto

P . the env1ronment, similar’in effect to- acryllc ‘acid-

o wh:Lch was found to produce bacterlal :mhle.tJ.on in certaln '

plankton bloom areas of the Antarctz.c (S:Leburth, 1959, T
5 :, -1960, 1961). A w:.de var:.ety~of phytoplankton organlsms
| ’manufactu,'ce and secrete antlbacterlalr agents (Stéeman - ‘
Nlelson, 1955- SJ.eburth 1964 1968) . However, Sleburth e .,“

- (1964) stated that. the pr uctJ.on of algal antlblotlcs in

detectable amoum./s apgeared to pcour - only dunng perlods .

)

' .of act:Lve growth,-. .Such products 1f produced, would,

therefore, tehd to accumulate in arge quantltles dur:n.ng

) P . o

phytop lankton blooms .

R

- In 'the 'prese‘n_t. study’, ‘lowe_st numk;e_rs ‘of ba'cteria,'we're

>
[ ,

ttle :Ls known of elther the occurrence or act:Lv:Lty
of marr e bacteriophage.. Although some phages active ‘

agamst ar:.ne bacteria have been xsolated from the sea

¢ a

S (ZoBell 1946, Spencer, 1955 1960 Wlebe and Lieton,;

1968) so far none have been found in the open North ' R \

o

L S Atlantlc Ocean or from the Atlantic coast of. North Amer:.oa.. -

RN .
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Both ZoBell (1946) and Spencer. (1955) were able' to 1solate

phages only after many unsuccessful attempts and,, so,_

. o concluded that they occurred only sparsely and

~sporad1cally rn. sea water far from land. ' ".

2 .

o Accordlng to‘ ZoBell (‘1946) ’ "bact'eriophage is
generally found associated Wlth 1arge numbers - of’ rap;dly
.mul~t1p1y1ng bacter:.a-, so it 1s doubtful if the sparse

bacterial populatlons .characteristlc of open ‘ocean -

s

o env:.ronments .axe conducive to the development or act1v:.ty o

° of phage ". He added that there were, "no experlmental

data or theoret:.cal consideratlons to suggest that
bacteriophage are factors wh:.ch limit the bactenal
populatlons of the open ocean"’ ‘I'he area sampled in: the
present study :|.s ‘a coastal one, but it has spars]e a

D
bacterial populatlons character:.stlc of ocean:.c

' env:.ronments, and, therefore, J.t‘ is doubtful that ’\ )

. bacteriophage actlvn.ty is 1mportant here. Unfortunate].y, .

)

nOu da‘ta on the presence of phage 1n thé sampl:.ng area is .

v
- -

- avallable. a : ' R K . ?.-»

A, . j'.: . -
g . o Some types of bacterla are able to adversely affect
\ I

i

envirbnments.. Such an effect .:Ls accomplished either by

d:.rect action on the part of the bacter:.a (as in the case

Lo . '.;-

- {

of predatory bacter:.a) or by the release of c:ertain
I

™

1nh1bitory substam:es into the en‘v1ronment. :

the actlva.t*les and numbers of other bacteria in marine-‘ .
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The predatory bacter:.um, “Bdellov:.br:.o, preys on N RIS

D other bacterla present in many natural environments, S
R mcluqu the sea (ShJ.lo, 1966) Unfortunately, most of BT
the mar;me work done w1th members of th:.s genus has) TR gt

L

mvolved predat:.on on col:.forms (MJ.tchell, Yankofsky, e b Tos :

and Jannasch, 1967) J-.n coastal waters, rather that . N :‘,:_‘ L Ce

’ 2 : preda-tion on,; bacterla indlgenous to the mar:.ne env:Lron-ﬁ‘(- 3 ;
.°ment Becauae of thls lx.ttle J.S knoWn of elthe’r the e . -
L érstrlbutlon or the ecologlcall J.mportance of '. ‘ . -7f ‘ .. .
- Bdello\‘rlbrlo :Ln the sea. j_ ke B o SR o T

- v N ety ‘. . . Lo
- e

Some mar:.ne be\cterla .are able to inhib:.t the growth T
'of other ha‘ctez::.al types by the product:.on of" inh:.bltory o
. substances. 1 Lew:Ls (1929) found that, in nutrient medium, . .

D

ca culture of P. fluorescens he had isolated from the aea ':

. éxcreted a. toxJ.n th.ch inhlblted the growth oi; both ;.:" ; )
N bacterla ﬁand fungx, and Burkholder et a1.. (1966) ” »
' J.solated a: pseudomonad which was ‘acti\ze against a S ’
varlety of other gram—negative bacterla‘. Bacterigl \ . .
R \\ antagonlsm is, accordlng to Kriss, et al. (1967), fl;'_f". .\;{' :
R partially responsible for the underestlmation of bacterJ.aI | o
o numbers by the cuiture plate method. :”Waksman and Carey .. .,-:. .
”‘935) Stat"d that the: antagonlétic effects of micrcs— e
B B 'organisms, ‘including Nba’cteria, mlght, help to explaz.n the ‘\ '-..'--‘: f
1ow numbers of baote,;ria usually' found J.n sea wete,&,, -
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": ' . While the preSent study ha.s been on]‘._y & brief first .j“
, \ L look at the bactern.olog? of . t-he ”coastal waters of the '{:Xﬁ
' 8 - : o .. Avalon Peninsula,- 1t h%s. alregdy indicated thef , \

‘ ’ '4 ‘ .'" complexities of the relationship between"' the’bacteria . . 9'
: ; - and*their environment. However, any attemp&'s to clarify ST
B the problem must \;.nvolvehlaborétory studies, where _ -
) R - \'_some of the many variables present .:.n the n‘atural - ’ g o :
. L _' q ' snOironment can be controlled. .. e &" A )
LN ‘: LA study of the growth rates of -selected baqteria, | -
- isolated from the sampling site, by the‘ continuous IR O ;
; . . cuiture method (Herbert glsworth, and Telﬁng, 1956,_ ?n*
~J“_ 3‘ - Jannasch 1969) in sea water ‘col. ected from the same area ' . ;-
oL . at és.fferent times of the year .eould possibly explain _ :‘ i
the low le:rels of bacteria eneountered. _'Eow growth rates | o
) | . might indi’cate a shortage bf r:ntrients,xa lack of surfaces L ’:’
' S a for a.tt‘acnment., 'or bqth. These possibilities might then ‘ :'
. ’1 SRR ‘ be further invest:.gated‘. by the‘ addition .te the cul‘ture S ST
N ::1‘1.:" - ,.;;j‘ set-up of metabolizable';orga?ic‘:lucompouﬂd;;':inert solld o /r a
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'h . Sa i . I :E
S . °'SUMMARY OF RESULTS s
S P Seventy-eight percent of the plate counts of sea - %
' Ve N water samples produced no colonies. A ) ‘ ’ f
. oo t T ' o : o i’
tz;{ B The plate counts of the plankton tow material . S SN
; T - indicated that bacterial numbers were .yery low (10, T e g
S 1' L ';f“ to 4 329 per liter) throughout the year for all three -s
: ~..sampling depths. o = ,' ‘ R :j“' s s
£l ' o LT e ‘ (
i ’ 3. No regular vertical pattern of bacterial distrib-‘ L.
o et 7 !
R - o 'utrbn-was~found. ‘The presence ‘of a thermocline .
) f'ﬁ j‘. _Js"'; apparently had no"effect~on'the vertical distribution.
- L . . . N ¢ o T ) L ) Ce! . : ?
e pfltﬁe bagteria. -7 - . UL . e
,.a ) . o . ’ - . " . E ' ' . . . \ ’ - ’ ‘ '.lvo. - ’ o ' 4" ‘ . -
p . T4y Bacterial populations did not appear to be related ;
I . 'j~to water temperatures -or’ saliniéies.. 4 ;
o Ty e e . A ‘ T e ; < . , ¥
B No significant diffefénces between the ZOC plate P
" - e . 9 i
: ) counte and the 5C plate COunts were found. ‘ e Co T
Toel o The number of pseudomonads per liter of planktpn .‘fétg;.'if»-7f
e o tow varied from ‘season’ to season.. Pseudomonads ,_L:'aj-:f- _ )
: ' J(anominated/the autumn surface :rfgles, but no trend - }:.'wﬂi
s e ’.bould be detected for theo\;.,h r depths. - e
) - e . e . L .‘ ‘. . e N :". B ‘. .-' e - ‘,‘., ‘::"‘- ‘-':' ’ R <o “. ﬁ-‘. X L) .
. . N g . . N . e, . . N . ‘ _.' Lee . , M A . . ; K
, ‘ 'I . l 1 ! : \ ) ' _‘Jl4 . \ s ’,v "‘ ‘ \ . . . .
. : e " : v o L EEERRYS :
’ F ‘L 120 ' ) no v .'«6.. ‘.“ , ..




L S ' - - S : :. Lo e -
B s e ‘ U ”-. e
A W’% R 'ﬂwtm’ww A mw'v“ 5“ CR
sg, ' . I‘ . .
o . .
.} - . , " ) , e . - < 1 11
i - ) . W - . I
! _ : =124~ S ¥
- - - ' ) . : )
i ; K N i
; o ) L
7. - The percentages of pseudomonads in the total , 'ﬁ
. ' - v
- bacterlal populatlons were higheriJvthe surface‘ . ™ iy
' ‘ samples than in the bottom ones. ; S - S
& . SN - L LS e o L iy
P - < S : . ‘ . - - SN %
" ’ 8. Cetrimide, .(0.03%) médium was not as effective a , = 7 =~ &
oo » ) s . - . , . X . . ‘:
g - . s 7. . selective agent .for pseudomonads as had been ' .
i : . ) . . _.. . . - , . :':
" ' _ Jpreviously determined. No 31gn1f1cant dlfferences T S %
PR T could be detected between- numbers of pseudomonads ] "

i 1 , ) whlch developed on cetrlmlde after dlrect 1solation S Lo

N .

. e onto this medlum and numbers whlch developed after {
I . : ) !
EZ .o repllcation from YBP SWA.' T "y

z

{, N '9.w, The use of-motillty and pigmentatlon in the

L e ' tlldentlflcation of pseudomonads 15 of" doubtful value.'i;-f :
;. . | An identlflcat;on scheme stre551ng the - 1mportance of ‘ '
%._.._i - ;_; - ﬂcharacterlet;q§~qtheﬁ thannmotll;tx ?ndrPlgmentat;on?i . :
-%f I | _.wae_deyleed; i‘ - ’ ' ‘ . L oy ,

.ZA 0 10. The fluorescent antlbody technaque was-found to be :; Sy

- . Ny . Iy

~ R of value 1n the dlfferentatlon of pseudomonads frqm ”-‘ﬂT . g
. = ) - “, : . iR 1 . : - - e SR .
i S other organisms.' L oo -':;;_- N T
. ’ L “ “ . ' - ‘..«' N . . '- . . R A " '.:‘ " . . ;. ‘.1]
] ' "y

e :" 'lly i- For all three sampling depths, dlatoms bloomed f?tJ?53¥’ ¥

S (caused malnly by Chaetoceros speciea) from March, to Vf;.,% L

’ : May or. June, but were' quantltatlvely unimportant “f§, S
, A nE, ,'p’ throughout the rest of the year.- Dinoflagellates;g'f S
i peaked when diatoms‘were absent, and almogt dis—' .“ r‘;iﬁ{j;iﬁ
o appeared durlng the diatom bloom., Silidoflaqellates:\hf,'ﬁ"f
f e . - ; -, :. . . ) S v i ‘ ’ ., ] s s ’ ' 3 i‘-‘ - '.,.. e
IR Yl e A € - o ‘)\7 Sy sl ;
RS " . T L v s
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FORMULARY. . . U

‘., \

" Cetrimide Agar (Nos‘eworthy‘-arid Moskovits,. 1974)" - a . ,H i

2% solution of cetrimide (hexadecyltrimethylamnonium
bromide) in distilled water.

Add membrane—filtered cetrimlde solution to cooled (45C)

‘Bacto-Pseudomonas agar F (prepared'with synthetic sea Water) T
to give a final concentration of 0.03%. : Pour plates L ) R
immediately._ S L - ‘ _ S "

: Decarboxjilase-l\iedia ‘ ‘ C T ‘

. Make up  Bacto-Decar oxylase Base" Moeller (leCO) in
. "‘Synthetic sea water/ . Check pH (reads approximately 5. 95)
= .+ Divide the medium-dnto 4 equal amounts and’ add L—amino acid
hydrochlorides as. llows. - o

Coe N l% arginine SR (pH ’approkimately 6.00)
o e 2. l% lysine-. . o "(pH approximately 6.00) )

3. ‘1% ornithine ' . - (pH’ approximately 5 95) -

4. 0. amino acid , "~ (Control) .

®y
: Dispense 3-ml amounts of these portlons in 13 x 100~mm
- . . tubes. .and plug with foam—-plastic .stoppers. Autoclavé at’
- ~ 15 1lb,for 15 min. When cool enough\:co handle, layer w;.th
: sterile mineral oil )

. ﬁluoreseeiﬁ 'Medium'. oL K o 4
! - Make up Bacto—Pseudomonas agar F (Difco) as directed in S '
" gyhthetic sea water. +Check pH (runs 6. 85-6 ,90) Autoclave coe
. at 15 1b for 15 min. .o . . e

" N . B » - . f

Gas Production Medium (modified from Hugh and Leifson, 1953) : SRR

Peptone . 2-'0 'g_
Nacl 4, ".. ° - ' o . ..-* n.'.' ,'_’. : : - :, . - 5-0‘g .
K2HP04 S R PSP | P -
Synthetic sea water I e T "1000.-09' ol -
J ! i, - k . e
) LA V') PRI SIS Ll |
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v S R T A : o
o ' . Dlssolve all components. Adjust pH to 7. 1. Dlspense "Semil
portions in 13 x 100-mm foam-plastic ‘plugged tubes. Add an

e DT inverted Durham tube to each. Autoclave at 15 1b for 20. T
oo "+ '. min. . Cool.and hold at-50C in water bath. To each tube of . ‘ '
. T med.u;m, gdd, aseptically, 0. 5-ml. sterile. (membrane—filtered) -
S0 . 9lucgse solution (10%). MJ.x thoroughly. ‘
o . .GramSta:Ln S '," S o R
A Ammonium Oxalate Crystal V:Lolet Co o .‘ . .
PN : ) o Solution Ay . r
R o S o . Crystal v1olet (90% dye content) +2.09° )
Ethyl alcohol (95%) . 20.0m>l
: Solution B: . o s N
. .~ Ammonium oxalate o o . 0:84d .
C ). ’Distilled water .7 ' 80.0ml .
o M:Lx solutlons A -and B. Lo '
o "2;.' Iod:l.ne Solution .
R : ‘Todine T e 1.09 - )
PR © ORI ST e e 2009 B
NaHC03-. - R .. L.0g
Dlstllled water A 300.0 ml:” .
3. Safranin C’ountersta:n.n ' : EEE (
‘ - Safranin 0 (2.5% in 95% ethanol) .. 10.0ml’
“Distilled water . R . . 100.0 ml ‘
' 'Staining Schedule' T o R
Stain 1 min with ammonium oxalate crystal V1olet. Pour
off’ excess stain.
g ' Immerse 1 min in Iodine solution. Rlnse in tap water \
: ‘and, shake off- excess. ;
: N . Decolorize 10 sec in- 95% ethanol. Rmae.- ‘Shake: off
S - . excess water.’ . i - -
o S : ! Counterstain tor 30 sec with safranin. Wash. " Blot dry.
, :'.Flagella StaJ.n , . _ . - e l ] o
e 'Make up: BBL-Flagella stain as dlrected. l’our 'ih'_t;'.o' :aerk‘ . L ‘ !
e ' -glass bottle and keep tightly stoppered _Discard stain .. .
D  more than 1 week, old k R TS, ‘
' ‘\B . ]
. I'.' , ‘ \
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' MOF Medium (D.‘LfCO)

. . - o .. . . - ! ) . —144- ) ‘
Medium for Antlgen Produot:.on (Moskovits and Foelsche, 1970)

NH, c1 ~'j R T 2 I
KH2PO4 ' M M “ ‘." . " ) ‘ loog . \
K HPQ, o : N .. .2.09, A
MgSO4 TH,0 C . Lo s o ..0';5' g

‘Nacl o ’ ‘ B ‘3.0 g .
D-galactose- . o T ..6.0'9g v
Distilled water. S " .7 100000 ml -

Adjust pH ,,to 7. 8. Autoclave at '7 lb for 15 min.’ .'Cool‘" in

“ice bath rlmmediately afterward
. . \

Mineral 0il Overlay . -

Dispense 2-ml portion of NU.jOl mineral oil in small vials
(approximately 13 x 45\um) .- _ACap. .each- vial with double-’

. thickness alum:.num fo:.l.: pt—air sterilize .for 2 h at

170~ 1aoc....«_._ S T T T e

Maice up as directed. Steam.to melt agar. D:Ls;;ense in"100-~
ml amounts. Autoclave at- 15 1b for 15 mih. +.Cool and hold
cat’ SOC in water bath. To each 100-ml .medium, add, ‘

’ paseptica,lly, 10-ml sterile- (membrane-f£iltered) glucose AR

-solution (10%) .  Mix thoroughly.’ DisPense, aseptically, _
3-ml. portions in. 13 x lOO—mm sterile, foam-plastic plugged -
tubes."-‘».,, X : - P

cLo f B
N . l ; . . e
. /

4129 Sensitiv:Lty Discs(l/".-,, n e T T
Prepare 0 1% solution of 129 (2, 4-d:|.amino-6 7—d1:Lsopropy1
pteridiue) in acetone. Soak Bacto-—Concentration Disecs - . .
(3terile blanks, 1/4") in 0/129 solut:.on,\ for- 24 h. - Drain

-~ and place in sterile glass PetrJ. dish. Dry overnight at

3sc,. | ‘ T

Oxidase Reagent" Tt e L o DR

Prepare 18 solution of N N N' ,N' —tetramethyl-p-phenylene_‘ T

i

diamine—dihydrochloride in diatilled watar. - Use immediately'. L
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oo Pﬂ)éyanin Medium * -
AN : Make ‘up Bacto—Pseudoxgonas agar P (Difcé) -as d1rected in:
“ob - synthetic sea water. Check pH (runs 6.65-6. 80) Autoclave
NS I . at 15 lb,‘fo‘r 15° min. : )
} L . N Synthetle Sea .Water (Lyman and Flemlng, 1940 modlfled by\ - -
i ) ‘ .Moskovits and Flanagan, 1967) L L ‘
‘Nac1l B S Ty 23.476 g
) . MgCl,.6H,0 Co L e e 104629 g
v v . ‘,&azso (anhydrous) R v L 3.917 g
A .., iCaCl,.2H,0 .. S e Tl 1,459 g
”'!.. . ‘_ Kcl - " “ "- . :“ N -y, ‘_., , . ’ B . . ' 0.664 g: %’
.. - 'NaHCO, U o o ...t 0.192 g 4
" . . "KBrh ‘ e e 0.096.9 ;
T Glass-d:.stilled water o '. oo 1000 000 ml -

si T Add the salts directly to . the d:x.st:.lled water._ Dissolve each’
e CoLer o 'reagent completely before adding the next R

e daodae
AR

_‘ ' ' o Thornley s Argln:me Medlum ('I‘hornley, 1960) . X

: D Peptone e G e : B +1.00
Vo PR KHPO e " ' o oo . 0.30
N T L—arginine monohydrochlor:.de ’ e : .10.00
B - , Pheriol red . _ S SR ¢ I+ & A
- ‘0x0id agar No. 3 P L. T 0 - 12.00
P . Synthetlc séa’ water ' N - .1000.00. -

J5aua QW
L .

S et T

e . Dissolve all components. Aéjust PH to 7.2. Add agar and = -

"% ' steam to-melt. - Dispense 3-ml portions in 13 x 100—mm tubes
' and’ plug with foam-plastlc stoppers. Autoclave at 15 1b .
for. 10 min. = - . , T PR oL L

sty 7
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: - . Yeast—Beef-—Peptone Sea Water Agar (YBP\-SWA) o i ,' Lo .
'_ |' - o, ‘ - . T . ‘ C . . A
Lo Beef extract SR v i _‘ 1.5 g
' ‘ © .. Yeast extract - - . L o0 0 T 0 o0 T e 3007 g ' .
: Peptone ‘ LT e 6.0 g .
. . .. Oxodid agar No. -3 . - oo e SN . .12.0 g -
- Na'l;ural sea. water e R 1’0q0‘.0 ml
. [ E 1 S ’
, ] . ' _- : o - ~ v
," El . \ . t. ] ) .“; N 4)4 ‘ “
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-Dlssolve all componehts.
steam: to melt.

Adjust pPH to.7. 8
Filter hot through double-layer-of cheese—

cloth and Pyrex_ glass_ wool.

Autoclave .at 15 1b_'i‘:'or 20 m’in.

,Yeast-BeefhPeptone Fresh Water A@r (YBP FWA)

v

i

14

Add agar and

Make up as .directed for Yeast-—beef-—peptone sea water agar,.
'but substltute dlstilled water for sea water. @

Yeast*-Beef—Peptone Synthetlc Sea Water Agar (YBP SWN SWA)

-

,Make up as- directed. for Yeast-beef—peptone sea -water agar,

4

f

"Yeast—peptone Sea. Water Broth (YP swn)

f . -

but omit -the beef extract and agar.
Filter cold through double thickness Whatman
© No. 5 fllter paper. : -

: adjust, .PH.

’bu‘t substitute synthetic sea water for natural sea water.

.Make up as dlrected for’ yeast-beef-peptone sea water' agar, 4
Check; ‘but do.nodt ,

»
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v
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. .Overcast ‘sky
Qvercast sky '

‘Overcast sky-
, Qain .o

- Overcast’ sky . -
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~Fair

’

Overcast sky

-Drizzle, Fog

) Blue sky ‘
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Oceanographlc Data on Cafﬁ% (1960)

Weather'

Malnly cloudy

“'Broken clouds

wind

Blue sky', Jj-;cleaf of.hazy'aﬁmosphéfe
Fair' o - few clouds; scattered sky .

1/2 sky overcasf
3/4 sky. overcast_

Overcast sky whole sky overcast

Force: Lo .
‘ o L . Knots.- °~ approx.
c calm ' =~ : 0-1 - 0.00-

"IA ° light air . ° . :1-3 . '0.52-

. LB iight-bxeeze

GB :f'qenile'bxeezé o 7-10 . 3,61~

. MB . moderate breeze - 11-16 5.67-

- FB .-~ fresh breeze o }5-21f

" sB strong. breeze - - 22-27

'“é: -.“°§er5te gdle, . +28-33

-
- -w ' -
' .
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v <
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. ° .
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a<6 - . 2.06=

m/séc
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1.55°
3.09
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11.33513,91
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P e R ." .'- R . . o :

e

Sea Swell . °  -f
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. Oct.:

- Nov.

- Jan,

';Marf
‘lmay.
‘May -
" June
5upéi
’.Jﬁlyf
&ﬁly:‘

 Aug.

. Sept. 12

29

24

- 23

';;:”1973 :

23

21

11

6 -

115

29
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,s;ighﬁ

. Moderate ' -

éalm -.iippléd ,

.Smoofh wavelet

' Smooth wavelet, .

. Smooth- wavelet -3:~‘
-slight °°

Siight-/f

.Médgréte ‘f'_:~‘ s
.Smooth wavelet

~.;Slight -.mode;atef

Smooth wavelet

Smooth ‘wavelet

. Moderate
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’

. Slight |

W

" Moderate
‘Moderate
Modexate

:Mo&erate

-Moaerate. h“i L .
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' Taﬁlélﬁ. Salinit@es'&uring the 'sampling éeriod.

’ - . L.
. : N . -

Q'.?-“,‘ Salinities (°/oo) .t-.., A : i

Date ‘?1 - Surface | Middepth ; f&BOétéﬁ

| 1972 - e ’
. sept. 12 . . 3308, -a3.s. . .as.a ]
' sept. 29 . 32.5. . 340 ., 34.5 |
- oct. 11 31,4 ) 32,7 '*i34 6' S

“oct. 24 --:32n9 T a2l B 34.2- ‘ |
Nov;} 23 328 33z5:'.j . 33.5 e B

1973

i}:aan.-fzs_ B TS - 1% 2 - R
 Féb. 6 . 33.3 33,3 C 32,0 B
' Mar. 21 - 34,00 .. 34.0 . . 34,0 L

May 15 - 31.2 < 338 ?5-4;~i '
Maye 29 ., T 315 .U 341 - 36,7,

‘June 13 o B 34:6' Lo «.34.6‘.;' . ;153;5' . :

gune 27 . - 363 U asec . ta3ne - .

‘July --10 - --»'35.i.f o 38 L E I R ’i' 3

Julyy 24, . 332 . o osas 35,g‘ AP '

'Auéi' 10 - 3 "-"“51;1 L 3ns ‘
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Table 1.°

Date -

Numbers of bacter1a1 colonies produced from

e

SRR Sl PR

P

~157-

at 20C ‘and SC*.”

'Sample*flf

Q

Incubation Temperature

20
2

'3

" Replicate
1.

(°c)

P

S ‘séj‘"ﬁ"‘@ﬂ?ﬁ"‘"" !’%‘ Lol "1

*,

|

.
''Replicate
' .3

2

0 1 ml undiluted sea water after 1ncubat10n
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RN . . T Incubation Temperature_*
. . : S (°c) .. CC
Co e 20 - 5
C ‘ .+ 7 7 +Replicate  Replicate .’
Date ., . .- Sample - 1.2'3 . . 1%2 3 -

J\lelO 'v.=«._-'

WHun FHO0 BE0  wan wAB

Aug. (lQ'”"

L

" Mar. 21 - s .00 0 .0 0
' ' M 0 0 0 3 0
B 0 0.0 0.0
May ' 15 s 10,0 © D
S M 140 0 0
B, ° 0.0 -0
May 29 's . 3 17 '3 .
o ' S e 0.0-0 '
\ B 1.0 .0 0.
June 13 ‘4 3 0 0 . .3
LT , 1.0 0 0
- . 27 0.0 2.
June - 27 . 1.1 0 L 0
o o 0 o 1
: "0 0 o0 1
0 0 "0
-0 0 1
0 o .1
273 89 1
1 o 1.
0:0 0 'O
0 0 0
2. 20 1
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‘:'*ff.*Because of the low numbers involved, these counts were

not éonverted to bacteria per unit volume for each
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A T T .Therm0cline
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'Tablepz; ‘Caloulation'of total numbers of bacter;aﬂpér..

i

~ : ' . R ) ]

4

‘liter of plankton tow based on total éolony-_

counts on ¥YBP~ SWA after lncubatlon at ZOC

.and 5C.

K] - N

Procedure for convertlng number of colon1e§ per plate

‘to number.of bacterfa per 11ter of plankton tow- T

. ~
-

'l.-: Determlne average number of colonles per plate for

the repllcate plates of that dilutlon producxng 30~ 300

.colonles. o S , Y

v
‘ v

2. ' Multlply average number per plate by the apnroprlate

‘~dilut10n factor to get number of bacterla per ml of v

sample. . o S

' . R o ) N a : . ° .D-

E'S

":3; Multlply the numben per ml of sample by the volume

of the sample (expressed in ml) to get total bacteria in’

-sample. .-f_,’ B : ' R S

- of . the total volume of water filtered through the plankton.’

¢ ’

l4._“ Divide bacterla in sample (which is a concentratlon

-y »

,'net) by total volume of water filtered (expresSed dn’

:Zhlitere) to get number of hacteria per llter of plankton. L
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‘Date
and
Sample*

) Total .
Bacteria
. per ml-:

-160-

20C Counts o S o - ;

~Volume

of

‘"Sample

(mlb ‘

- . Volume .
" Total “of -
. Bacteria Water -
per Filtered
.Sample (Liters)

‘Total ' ©od
- Bacteria - - o
L. pexr 7 : ‘

“1972

sept., 12

S

' Nov. .23

6,000
2,140.
12,000

19,333,

3,233
21,333

11,533 .
4,300 -

. 3,800

16,767

8,167 .
15,467

16,677 -

15,333
7,900

56@5.
~ 605
© 590

‘570
570 -
520

510
" 410
550

520
.. '490
560

540
570
550

570

570

o520 o

590
520

580

© 3,000,000 9,268 . - 324 - .
1,294,704 3096 - 315 - :
£ 7,079,832 51256 . 1,37 - . B

11,019,810 - 6,364  1,732° . -
1,842,810 - 6,092 . - - 302 . ... . |
11,093,160 8,260 1,343 -

5,881,830 6,268 - 938 . .
1,763,000 5,456 - .323° oo
2,090,000 6,580 . -318 . .
87,718,840 7,400 - . 1,172 f
4,001,832 | 3,960 1,011 - -
8,661,520 . 8,044 - 1,077 - °
. ' ) N . . - - .. A.'
9,000,180 ...9,064 - 993
8,739'8 0 . T 4,928 ’ ’ 1’774’ . o - K
4,345,000 - 5,864 - o 741 . - e
L " ." 'a R . » '.| Y3 , "
1,425,000 9,364 . 182 . . °

2,451,000 - - 7,888 - . 311

1,542,840 6,564 . 235 . . N
1,040,1720 5,124 .. 203 .
1,837,160  .3,356 ' .- . 547 -
831,140 s,;qd" 1134 10

. x4 l' ! a -'
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Table 2 Cpptinueé', .

Y

- Date
. _ and
. ... sample

' Total
" Bacteria
per ml.

Volume

. of .
© Sample

(ml)

fotal .,
,Bacteria

-‘Volume
of
‘Water’
Filtered
(Liters) -

. Total.
. Bacteria -

- per .
"Liter’

. Mar.\
8
M

"B

May

13

24

21 . -
© 1,193 .
303

. 3,800

9,300

10
1,017

-

170 .

© 110,
440

7,267
4,500
9,933

. 1,087 .

76,200
7,167

[y

f5;167:
787.

673
2,900,

* 600.

5'33=3 L

3,500

ht |

- —
Ve

[ 175.

©400"

. 610 .
610
..580"

¢ v

550 -

590
600

165
280 ;
*. 450 ' |
©.-420
.. 400

420,

360 .
1420

380,
590

‘-

3

b .
340 .

390 -

© 520"

:rsgggl;lp

. 127,730

184,830

'2,204,000

93,500
64,900

L 264,000
S A

1,199,055
' 787,500 .
2,781;240, - .

" 489,150

2,604,000

Y

2,170,140 .
. 318,800 -
3,348,000 -

427,140

"1,711,000

204, 000
2,079,870

1,820,000

B— -

10,340 .
. 3,612

6,312 .

9,084 ¢

- 3,600

%400 L

8,000
4,000
6,000

<e320, o

,012

33'712 ..

60176 [" ’
. 10,416 '

. 10,
51 LS
349

T
3
- 41 .

o150
197
» ‘464‘..

1137 .
772

-7 R 2;: N

4,980 /-

337
175

T

.
e

“400° .. . 1ig,800 - 7,740%. . . 15
350 . 491,050 - . *11,264. sa
400 - 3,440,000 . .7,208" 477

207
1'403,'_ '.'
8,600.
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‘Table 2 Continued:.

' Date Total
-and Bacterla

'-fSample - .per ml

“;.f;lsz; ::f:

" 5C Counts -.

' 7

- Volume

~. of
Sample‘}
(ml)

Total

Bacterla'
‘per. . -
_ Sampile

" Filtered |
(Liters) .. .

. Total .,
Bacteria
,per -,
Liter.

i v .

B f}1233?9-

s . 12,002 }
.o 2,672
B 713,295

Coct. 2417 a
s 19,226 -

.S
B

s, 12,663
'M" ;16,332 -
B .

s _ii,azS::‘

11,003 -~

294331 ..

[
N

500”

seo*ﬂ

570
. 570
| 520.

j520i:
. 490
-‘56Q.. .

- '540.7 "
570
. 550 |

570
570" -
. 520 .-

S s200
10,580

.V_._ .

‘

' 5,662,748,
1;190,808 . . .3
. 712741304f.

6,841,300 . -
1;523,000-
© 6,913,620

:9l9§7;4dbf'f
2,680,920
: ~5,;51,7og§

39 238 056

9, 308 992

16, 131_854

et

,*41 086,224
-..2,374,288
1,142,136 .

e f345}46hf;n"',
"42,761,988 .
© . 868,000,

- <|
Al
'
.
]
. Y3
A' ‘ v
: ] -
ot o0 .
' : .
v L .
. -
t 4 7
N 7
. 5 1y
L N .

611 .

<298

a: 1,384

1}q75
. 250.

837

" 1,351 -

. 677
766

' “;.4;329:';
17889
2,751 -,

116 -

s 301
o0 174

' 165
‘823

T;'140.'
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' pate .
and
Sample

" Total ’

Bacteria"

.per-ml -

~Volune.*
of

-Sample

(ml)

Total
Bacterla‘
per

L

"Volurme. - °
of .

- Water .

:»Filtered
_(thers)

.

per-

o thg;

Total o
Bacterla“ v

: Marh,j21‘

;S
.M
‘B

L]

May . 15

. s -
M
.B~

' May .. 29

R

.. June .13 ~ﬁ-.‘ o
R ‘848 -
17 /716,

..} .-3[9

- June: 27, ..
. Y 3,652
.. 699

076,803,

S wAan

L Tuly 100
' -+ Ll,728

wan

: -;Jﬁly Y U
' '. - l='291 . '~ N
S. 2,930

BT

‘ Kugy 10,

1,720
1,599 .

ﬂ3{513:_ a

439

"2, 304‘-7

13 236'
5,371 .

© . 9,943

r_,

4,327

12,092 -

e -,

-ﬂ~¢380 B

© 400 ..

‘1,606
Y 974" i

elo
580

- 5503,1
+ 5905

600

450,

420

420 f
400,

1360 ..
~590 .

h:jgo,

e P ;_65 o ,
S175 o
©v. 280 ¢

728 - 4200
©6,075.% -

-, .
o Lo
v

390

S 52007

:IOOEBJL
, 350.3'
.- - .

fSample"

1,054,680
.. '975,240°,
2 09517584 :

'i*208,932 .
- 7'259,200.-- . .
'ﬂj'1,382;400,

2,184, - 600 -
. " "940,000 -
" 2,784,000

. 3,296;084.
7’086’20‘8.: -

1,533,840 .
279,720
. 2,448,912
.725,835,7.
<. '531,944 °

\-3' ‘584\’.1.60

!I.
ey

732,160 -

?f,3,589 584

438,984
©15142,560
,2;2491856.'g

642 420

10, 340
'36 312

‘4,000

e O

s ees’

Yo 21,286
l ;6"]:7"6- V- 3 ;
ilqtﬁ}ﬁ"'

Ty 740
ll 264"

'* ] 7{209 : ‘

fkf*“*"

-3,612

8,000

4,320 -
T 1'012 .‘_'- .
3,712 .

e 980’

T 1l02)

6,000 .

S
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2 504;5 \

7,116
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L2160 00T
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Table 3

‘ Date‘

\ Dot

c e

»
LR

Total bacterla per llter of planktpn-tow .

based on “20C.

" “surface’

—165-

Cw

YBP-SWA counts.

.y ,‘

L

’

| Miadeptn .

. “'Bottom. . v . %

g ~sepi; .

‘Sept.,

e Oct.
oct...

.- N_OV. -

. 1973

Jan{

.F‘ebn'.-.

Pl
Mar.

L. Mﬁy B

"'ii9iif.'\:
| 12
29
24"
.?3.h

S ee3

203

© 70 .

T 1

. 150°
wr 113
436

1,732
e
' Qti,xfi“‘

152

3i5f"
B 302*.. .

323
-1;01;*"q'

1,774

(3117

. ‘5\547
51
SRR 1Y

359*%

57

a4
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e N o e
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(3374

137
1,343 0
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C e ST | B C
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Sept, 39 .t 1,075. ° . -. 350% 837
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"' Jany 25 - - o116 " 301 174 .
e Feb 6 . 1gs - 823 1‘4'0
"~ Mar. '23.'_ . -102 . | .2'-_70 . ._.-'332
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5 v . '. Table 5. Comparlson Of numbers of total bacterla per ‘ N .

) - i y liter of plankton tow based on 5¢C counts ‘and

Lo S . - 20C counts u51nq the T test, for paired . = . R
E ) obserVations. - : R jk T
L . . : C Co .9

e T . . : e . I C o .

- ' 5C . 20C Différence - C gt .

ﬁ . Counts Counts . 'di R ' di . - ‘
'« ' > - . , . ; . - . AR

. ‘ ‘-“' ﬂ' } ‘ R Surface Samples » g . "_. . o
S+ & S '?V 324 '; - ;'; 257 IR ‘:' 82,369 -
v 11,075 oo, 732 ﬂ‘:- | 657.-f- - ‘4311549 .
N ;i- 1,351 " .- .1,;72 o f;_ “;79_}':' 32 041 )
G e Tdgas o esat L 3,33 11 123 856
j%» S R TON I L IUR o3 - " Croaest
L 165 . 208 o 38 L ?"3i,4é4 o
. '.:_ .7 102 ”,.'79.:. S 32 “,'y"f ,024
" ' 23", ; . 10 S 13 v 159 _g;»
‘ o 273 . - 150 ;u' L .izaff- ;".‘_%M 15,129" :
CL e "93}f T %ia"' L 20,'017‘.; s :'.409: '
o S 308 Ll 435:‘¥ .,F--1_ 128~ | B  16}3$3 '
Che 10; B ‘4éf ._‘mt..g:'fl-ﬁédﬂ Lt"
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5' . - . o ) ~ . . ‘l | -
£ ' _ . 5C - 20¢ _ Difference . 5 ‘
i .. . - Counts . Coun-‘t's S di S fii .
A L ‘ - e
Z; _ L. 1,889 1,794 T T e asa . N 013,525-;
‘%{ LD s R 10 100
:j | R 832 ' 547 L 285 . 81,225
sl e 510 7319 47,961
AEURTEIR 72 1. L . 2,916 .
SRR e 197, . 38 RS WYY SRR
o © 3,257 2,813 . . 84 .. . 467,856
T 315? o T AR ¥ 936"
o0t e . 57 N R U a2
R : -}65 o 151 : ;;23,1qq~'
o " 65. 4 Lo ol g
: : ‘ T . . 'Bottom Samplés | o
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Table 5 Continued.- '

- 5C. - 20C leference ‘9

- Counts Counts di ”di*‘

‘ - . . . . ': . . . \ . . . N
.978 « 1,337 = 359 | 128,881
393 188 . 205 42,025
216 .. 175 | 41 ' 1,681
,498 477 ’ 2. . 441

. Surface.

LY

' Sample

£a, - £a,?

-X

* RN

?Miadepthv

. Bottom,

ANE =

A1l ?

.

3,222 11,717,630

869 .- 758,478

3,378 . 9,323,854

7,469 21,799,962

+

N

P —5— : —~ Jf
n €y %)= €dy )

mody
”‘Sa/fﬁ‘

n (n=1).

230,14
" 62.07
241,39

-91é.87> 0.94

232.80 1.00

1809.03 - 1.12
724162 1.59
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Tablg 6. Comparlson of numbers.of total bacterla per v
f‘. llter of plankton tow from dlfferent depths
. based on 20C and 5C cqunts.' '
A. surface and Middépth (20C). , .
Surface Middepth 'Difference . "2 .
Counts Counts 4y o q;°
324, 315 9 T
L7327 302 1¢4§6*.~: 2,044,900
\ 93g - .- : 323 ‘615 i"- . 375,22;r -
1,172 . 1,011 - 161 257921f .
993 S 1;3741 - 781 €09, 961
152 BT - 160 2?*606“\\0
203" sa1 . - JYR 118,336
»o 70 . T sl | ,15; SRR TT R
1. 1 R I 2 ‘{
" 150 AR L - '4i ir 2, 209
. ;115‘. f:;_ " 2,573 -;;Zeb 5 A 6,051, 600 ..
436 ' ; i 359_. 2 77 {? - I
60T 087 : 3 . RO I ”
CH TR Co3s ol 101,761
‘ i5 : o " '44' 'é ' 29'i£ ."" e P4i‘ o
, S . ‘ IR s
B Middepth and Bottom (200)5, Ty ‘ S
M.'Dddepth’ . Bottom o Difﬁerence N ::"‘ : "_12;'
Counts AT l(;quntg ~; ‘ di‘ TR ..
v s i 1,37 415032 e
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Table 6 Gntinued. o

- - . . a

-«
.
g

<
.
e
ot

5 K, .
A

AL
-
.
.

Middepth. - - ' Bottom - Difference .« . wy i
o .. - . Counts - " Counts ' ' a, - TR C
wt . . -1 1 o N
ud ' . . . . : . ' '
; : — = = — .. o
o ., 308 - 1,343 - ¢ -1,041 - " 1,083,681 ?

S I T U T R :

1 ‘3‘.,5.
1
L4
-
A

Tles TR

! . : : " N . ’ : . toe T \
ER a0 L 1,077 - 86T LN . 4,356, E
A O L T coo7al 77 01,083 - 1,067,089

« . . ] i . £
C e e e e
0. . saT . 134 ~ . - 413 - - 170,569 . - .
I ' ' 298 . 88,804 N

*51 ' . . 349°

. . .coa1 . - 23 . ... 529
R [ 2 464 .0 - 267 . 71,289
. 2,573 772 S 1Leor 3,243,601

[ [l el ’ - c 0
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N Qe L1cm0phora sp. 0 -1 o0 ¢
‘Nitzschia'sp.' .’ 0;, -0 , 2‘/{ .
. Dinoflagellates: . - ' ° . il o b
Cerafium_longipes' S g' 78 ° 19 . 14 C
’ C. - fusus. . " .. ' A 1 .0 . :
., Ceratium sp.. - - - , e 0 0. 2
~* - Peridinium depressum. v 3 1 13
' P. pellucidum R T PE R ,
.~. e d}: e I f;'j I,' ' - .
‘Oc'tln.‘ '1]- ,"' . ) :; ..'.‘ . l' " "‘.. N ” R ",‘,. A ' ' . ‘ ]
Diatoms: * . R I S ;'.:~ 3'b'5f'.'*‘ > |
- Lipﬁqpﬁbia‘gp.-_ ) vﬁ.?” fﬂ““9§?i ‘$&;2‘13iﬁ‘?'. 0
Y ':": . : ..A‘ ‘ ‘ - ‘u ‘ -,
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Middepth -

. . n Aird
Gk \ ’.ﬁw&% nimgé’ &mﬁ-\. aAaT e'« 0w

0

i
¥

NltZSChla sp._
Rhizosolenia
"styliformis

" 'Thalassonema

"nhitzschioides

’Dinoflagéllates:

: Ceratium. arctlcum oo

C. fusus.: |
cC. longlpes.j
Ceratium sp.

'..Peridinium'coniCum

‘P. depressum
Peridinium Sp.

‘Oct. -24
‘Diatbms: o o u:

Llcmophora sp.

Rhlzosolenla hebetata

,Dinoflagellates:n

Ceratium arcticum "‘.

C. fusus. :
C. longipes,.f -

,:Ceratlum sp. i
~ Peridinium. depressum
. P. pellucidum . /
" Peridinium sp. -
-gPhalacroma

rotundatum .

: Sllicoflagellates.

Distephanus speculum
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LFo .
K3
! .
' . 0
,- r
' .
o
) N
S T
g : ot .
. +
A 3
=, ' 'A‘I t
' 7 ¢ [
) Viw T
s t

.) 4
' o
' 04
0
-2
21
. 0
. 0
I} .:0.
I

OHOMNW

i
'
o
4
i :
.
, L

Bottom ?
S
- ‘.1‘ '
0
~
1 ' .
15 :
. 0 ¥
’ -0 &
1z . -
1 : ;
1 . :
B I
o .7c N
0
« 1 ‘
- 0 \
Al
h ‘
“ 0 A )
1
3 i



o

hi)

_Table'z Continued.

2

Date - ‘
“"and.’

: _ Type of Phytoplankton Surface
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Middépth . Bottem ° : \

‘Chaetoceros brevis

. C. debilis"

‘ Llcmophora sP.
.Rhizosolenia sp.

" Thalassonema -

‘Ceratium arctlcum

»”Ceratium-sp. . :
Peridinium deprgssum

Diatoms

. Nov. 23

Diatoms:.

C. convolutum

-

C. decipiens .
Chaetocerus sp.
Grammatophora ‘sp.’ .
Leptocylindrus danicus’

. ' - Y )

Nitzschia serlata
Pleurosigma sp -
Rhizosolenia s:yllformis

Synedra sp.-
Thalassxothrix
frauenfeldii

nitzschioides -.
Unknown peniates -

Ibinoflagellaées;'

C.. fusus ; o \
C. longipes . -

.- AR )
oo NFW

P. pellucidum
Perldinium sp.

~‘\Sillcoflagellates-

L Dlstephanus speculum : ‘. -'2

. o~ : :
-Jan. 25 o

'!

v

.. Chaetoceros qqnvolutum R ¥

' 00 O OONOOMOOOOOOD
corHOoocOoOooUMNO OO

| -
. 0 i
L0 :
12"
-.8 t .
1-
- 39 .
1
1
0
1
)
MO i~
NG iy
oo {
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; [ Table 2 Continued. _ ,
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Al ‘ e ) . bate ’ ) , N . ) , .. '« . N \ ’
' - and . : - ce C ; St
Txpe of Phytoplankton _ .Surface Middepth . Bottom '
- C. debllls . , a 6 3% .6
A c. decmpiens - S 4 0. 0 .. .
oo . Chaetogeros sp. - - . . .2 1l q
Coscinodiscus T o
N céntralis 1 - 1l ) L2 N
© . ' Coscinodiscus sp.. 1 2. 2. P
e -+ 'Licmophora $p. . .0 1. , 0 o "
‘ !~ . .. Nitzschia sp. . . 0 L0 4 3
N Rhizosolenia - R S Coe T . ‘o
- ..~ styliformis 0 0 17 =
N : . _Thalassonema o .- iy
Yo s ~'nitzschioides.’ B * .0 .0. >
- ‘Unknown pennates 0 0 S R -
K "Dinofi’a{gell’atés: . ‘ . | 5t
, . . Ceratium arcticum . ' .5 0- 0 ‘ L
oo . C. longipes, 3 3 .27 &~
- o Ceratium.sp. 1 0 3. B
; _ . Peridinium conicum -1 1 2 ‘ nh
| ‘P. dépressum . : 1 0 '3 o :
i - o P..pellucidum . oL 0 - 0 1 B
ol . Peridinium sp.. .. - A 0 1 0 “
%_' o Slllcoflagellates:--_5",_‘ e SRR L
B SRR L . o . v .. - .
4 . ’ .. . Digtephanus spaCulum - ‘. 1 - -] . K 2t 0 . v , 0 ! -. o " : :;. )

Diatoms. '“‘.' . \ o R

e T, .

Voo :- Chaetoceros atlantlcus RPN

ST o I
R FaweRO

w S “C.-con o utum . . . f ‘9 ; ;
ot . C. debills. , -~ ST es | ;
I _ Ci'decipiéns TP | |

N , Chaetoceros sp, oL 28
= o . Cocconeis disculus =~ R A
: Coscinodiscus: ° : L L
. centralis” S

v OnOOoON,

Cosc1nodiscus sp. ) o2 : ‘
N \ - ( o . '
‘!: | | | : " (' J | ‘ y ' ‘\ )

. t A Y v
. r C
2 - [y
. ' B - .
¢ K s N L
o v b e . i o
4 b
& . N ¥
T .V ! ) Aa' . .
' ) . ' rl . 4
0 ! - o
. M - v, . '
- 4 v . ’ s an o .
¢ ! v !
' : . ¢ ., )
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N * ! "y I

.Sﬁrface:‘_ Middepth -~ Bottom

Fragilaria sp.

Leptocylindrus 1"" .

danicus .
Licmophora sp.
Navicula sp.
Nltzschla long1s51ma
N. seriata - .

"Nitzschia sp.

Rhizosdlenia hebetata
R. styliformis-

. Skeletonema costatum -

Stauroneis sp.
Thalassiothrix
‘delicatula R

_Thalassonema

- nitzschioides ,

~Dinof1agéllateé:

Ceratium arctlcum
Ceratium sp. .
Peridinium conlcum
P. depressum

P. pellucidum.
Peridinium sp.

.pis;ephahuS«spEculumn‘

°

Mar. 21

'Diatomsi

;Blddulphia sp.~ e
. .Chaétoceros- aff;nls
_ C. atlanticus

Cc.. compressus

..C. convolutum
C. deblllg .

-

v
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-
‘S oMo oOoOUvo

o H o HONmERoniT
o

-2 2
5 12
5 0
0 5
1 . 2 S
.0 « ‘2
. ...0’ . ./; :2 ;
12.°° 0 '
. . A‘}I' .
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O O pH COOWOORNO O.
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"Table 2 Continued.

I N N . Date s
» L’ . and '~ . -
) Type ‘of Phytoplankton‘L . -Surface

© Middepth

- Bottom

C. decipiens 'i - . 276
e 0
. Chaetoceros sp. ... - 568

o . Coscinodiscus sp. | 16 -

_Fragilaria sp. , . 519 .

S Licmophora sp. A ., .0
- . . 'Navicula sp. - 16
’ - Rhizosolenia hebetata ~ . ‘195

'R, styliformis o - 81,

- Skeletonema costatum . . 406

* Thalagsiosira o co
aesgtivalis .. . . 811

T.-gravida- - ST 243
T. nordenskioldii - : . 16

a T, rotula: - ) 97

. Thalassiosira sp. ) 1,509 .

. Thalassonema o :
nitzschioides S - .130

Dinoflagellates~

' Ceratlum sp 3 . R
Peridinium conlcum A £
P. depressum. ‘ : 0.

.fPeridlnxum sps - 0

' Sllicoflagellates" T

..‘- Lt
- .

-

a

o e ,Diatomsn

Bacteriosira fragllis' N

Dlstephanus speculum ‘, 341

. Chaetoceros. affinis AN ) I

.C. convolutdn =~ . - 148:
I . C. debilis. . . 5&7_,.'369 '
- . . - C.-deciplens. .- -

oL 74
,'Chaetoceros sp. L 19 124

_— Eucampia zodiacusl T Q¢,

[

., .

oy

70
2,925
.0

130,
33 ..

0.

423
..0

293

195

520 .

195
1,885
-3,900

0.

. 260

519

39"

‘ ‘:'.'.‘ 0

130,ﬂ

90 299:

389

.o 0 b,

242

604

1,468

157
0

© 314

o0 236
EEESATIERNY | N
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. .. ... - Dpate .. 0o I o

oo aE T and” e o Lo R P ,
‘ ‘ Type of Phytoplankton .Surface . Middepth . Bottom ¢
4 B Fragllaria sp. - L 2,031 ° .29,840 < -"6,995 . _;

% - . ..' °°  Navicula sp. .. e o 3700t 0 L 393 S )
$ " v‘ﬁ /Nitzschia sp. .. .- ST | B | B £} cL .
- ' Pleurosigma sp. - S A A .
. -Bhizosolenia hebetata e 148" N 130 Y &
S ‘Thalassiosira - -, : e R .
IR - aestiyalis. © " .. 1 145 . 4 411 ‘ N T .

~o 7, T. gravida coL T Tlasge o lTg R
- . ot nordenskloldil __-».f 369 3,114 . . 2,515 " .. I
' Tha1a551osira .SP-. W 0. S 6490 o 943 S i
R Dinoflagellates-' l'ga'5. J :g.‘.z"i ifj;f . w“:: ot v
. Perldinlum depressdm ,*.:}3? ;} ‘.;..0'..'”f‘ Q”o.'f'n ‘:a;;f
n{' - f“_ “_Sllicoflagellates+:-j< '“fi; ',}-J.f N :;w:fmu L '

fDisﬁéphanﬁS{gpécglgmi“”7‘-”7 nsicf'if . ;d j: I .0

At p'; May 29 L T R é

o Bacteriosira fragilis - O 30. - . 0 0. o

L Chaetoceros affinis .. - 0 -7 113 S 2B et
- L atlanticus A ¢ PR 0+ .56 . Lo

: C..compressus S T ¢ - 1,258 . 112 o T

T '1--_ C.Wconvolutum Do ,.”f.,lg’ I S0 84 T L

. T “débilis - . ¢ 7 : BD . .88 R

. BRI chaetocercs Sp. . - ’ 10 299 .. - 8,227 - 018,391 % . .., ¥

- ‘Eucampia: zodiacus f‘,,*“\j 0., T - L T

. . Fragilaria- ep._ ‘ {,;~‘*, 349 . 1 359,» .. 1,565 S

. "\. Nav;cula =) « JEE T 0,,-,1.,3, ). - f,=“d;168‘"'1§'5'- o

ﬁ “Nitzschia seriata R {1 rfux,bf N

" Nitzschia 8P, ;.- poso w200 L 1180 e84 T T -

" Rhizosolenia* hebetata Co B0 L 0 T s T BB T T T

Coe npizosolenia 8Py T L, 0. A3 ! 0', >
A fi '; Thalassiosira'“‘ e e T Ao
N aestivalis s RO £-1: SO et
I ;'T.‘nqrdenakioldii SIS B N S e
- wkn;lVThalassiosira Bé. “,i AT N
“ ““:jThalassonema e HV=“~'T ) ENTIE :
nitzeohioides :



.Y

S,

S X 1 L DI T S
Table 2' Continueds Lo ) e .
Date - e . UL T -

») [ and . . -4 . N ) . . . L 'v . ‘ . ' ' ‘;:;
Type of Phytoplankton N Surfacg Mlda‘Pth Bottom . . R

"

Ceratium.- sp. ”if‘~~.', R

0 .
Mlnlscula bi o -"5'.'.Q.5

0

0

D1nof1agellates.uj"t L SR

Peridlnlum 4. ptessum oy

Perldlnlum sp - -..{~? S .é:‘
' Jhne 13 s "
Diatoms : v  , R

~

Chae%oceros ;affinis’ ... .. .
C. compressus° 'L -8l L
C. convolutum .- S
debillsu R

G declplens S
‘Chaetoceros 8p. . . ": . . 8
tocconeis sp. - E PR
Eucampia- zodiacus i?“ R
Edcampia sp. ' . Tl
Fragilaria oceanlca oLt
Fragilaria sp. - R
Leptocylindrus T
‘danicus’- ' _f U §
Navicula. sp. L TR el
_‘Nitzschid sp. L
"Rhizosolenia hebetata oo 250
‘RHizdsolenia sp.. RN R 1
Stauroneis: sp. ’_:"_({%’4,f1n*02
" Thalassiosira Bp. L LT 0n
mhalassonema T T e
nitzschioides g RSN

3

SaEN Oo00ococWdoooo!

.

to
O

Unknown pennates T Lf_;fo“'
Dinoflagellates“‘f‘ el .

Ceratium sp.. fﬂ. “-'gj .
Peridinium: ovatum RN
‘Pe- pellucidum k”' o
Pérldinium sp., :n‘r“
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N O . Tybe of - Phytoplankton Surface . Middepth Bottam = -

Q E

June 27 . e

) Diatoms:: .- . ° . ' L . o L Sy
Chaetoceros afflnls

0 562% - . 402, - - .

v C, compressus 0 21,587 .8 637 ° . . s

.. C. debiX¥is. - O S ¢ .. 0 Y,272 - o

" C.'decipiens ;' " .- .0 7 00 ' 0 .- .268
Chaetoceros sp. - , ' . w0 21 025 .- 30 265"
Edcampia zodiacus ) - 0 80 402, ..

" Fragilaria-sp. - o 0 .0 il 206

v R Leptocyllndrus N C .
: ; ‘danicus. : LT .. T 182« ‘71,544 0 ¢ 2 143 .
Nitzschia Sp. L B i SR S '536j-
‘Rhizosclenia’ hébetata . 20 0 . - 134
. R: styllformls : ~j . -0 T 241 134
K ‘Thalassiosira gravxda 0 N 603-.
2 Thala851051ra sp.._ o .8 O . 80 - .. 0
: B - - e X

'oDinoflagellates

. iCeratiumnmacrocerus, 2 (1

. Ceratium'sp.” ~ .. . - 15 0 R -
4 ~ Dinophysis sp. . oo 3 0

i Perldinaum/depressum o <13 . 80.-. . ., :

Perxdxnlum sp.. ... 20 . 161

oL . July 10 & S

-

Dlatoms.

Chaetoceros sp.:. T fig 0 "” . . 6. -
. _ ‘.Cosenodis "wcentralis. oo 00 0 oo 2

I .. . ‘'Thalasso ma .. — o S

e nitzschloides» o . L9 T 0 e e T

Dinoflagellates.u5nv .,.‘:51' .f e T a-f':ﬂ;f e

Ceratium macnoceras - o

; . 0 T . .
¢ T .. Cua 1ong1pes o DY 0 S0 .
' v Ceratlum sp. o 28 0 AN
\ " ¥ . . M D \ . . \ T‘ R
Bl N -’
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Table 2 Continued. ‘ . LR
) Date .° -° v i .n .7-.
. ‘and . Co e T o - g
- : Type of Phytoplankton , ! .Surface . Middepth Bottom y
v . L - . [ M,
' fo o ) ¢ ~ N ) :
Dinophysis .sp. S0 4 "0 e
Peridinium depresdum . PR A ., 0 . 6 KR
P.. ovatum ) . 0. 0. : 2 3 .
- Peridinium sp.. -+ - = - 0 . -4 0 ' X
‘ Pyrocystis sp. ' 0 - 0. 2 .
- SR o ) . ‘ , "
Dinof%late's: : | o O
. Ceratium arcticum R o 15 . 1tk , A .
'C. ‘longipes’ o .. 60 . N> . )
-C. macrocerns -~ : ‘ 75 L. o .- ’
Ceratium sp. T 416 - - 14 .
.Per:.d.m:.um depressufn ‘ o - .3 R
' . —.. ‘ o \ B \.' . ! .. . : '
Augus{: 10 - D @ . S
' .Diatoms:i . . .. N L . e,
' . ' Coscenodiscus 'cen.ti'alié s ' ~_ o . T LI 2.
Dinoflagellates: ' ST SRR R )
. Ceratium, arcticum ; R 16 -7, g
C. longipes . ' I Y S 0
, Ceratium sp. . " 85 - ... 46 IR .
© Peridinium depressum o o~ . --"8: : -49
Perldinlum sp. o : . 0’ LI N
. , ' . o ) . ] . l.:
2 . - . W . ,": y o g 5:::
o ¥ Thermocllne samples o AR - N : T
** No qual‘.’r.tat:l.wfe dat,a available for t.his sample‘ L i
: S i S -t .7' “ "
' ' o < . ) . K B . g : '
< - R . ‘. ° ; "“F» .‘. ’&v'. ) i
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Sl T ‘Table:3. Numbers of phytoplankton cells, tot'al bacterla, and "
- . -.tbtal pseudornonads per liter based on’ counté made on
S o e YBP—SWA after 20C rncubat:.on. - S - - .
. LT e T "Tgﬁté.l o 'i’qta'l; I To.tal:.
A - . .. Phytoplankton ‘Bacteria - Pseudomonads
Lo . - -.Date -Sample* . ' .Cells.per Liter ‘T‘pe'r Liter .per Liter
S -'-‘Z_ = ' o ’ —— ‘\. - . v' . — v = — - - - -
SRR " Sept. 12 s L 169 . -328 . 133
R TR Th 164 R * - '179
e _ B - 38 1,3