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ABSTRACT: Phage-host  cross-reaction tests were performed wi th  774 bacter ia l  strains and  298 
bacter iophages.  The bacter ia  (bacter iophages)  were isolated at different t imes from water  samples  
collected in the Atlantic Ocean  be t w een  the European  cont inenta l  shelf and  the Sargasso Sea: 733 
(258) strains; in the North Sea near  Helgoland:  31 (31) strains; and  in the  Bay of Biscay: 10 (9) 
strains. Of the Atlantic Ocean  bacter ia  326 were  found to be  suscept ible  to one or more Atlant ic  
Ocean bacteriophage(s) .  The bac te r iophage  sensit ivity pat terns  of these  bacter ia  vary considerably,  
placing 225 of them in two large clusters of bac te r iophage-hos t  systems. Tak ing  all into account, 
250 of the 326 Atlantic Ocean  bacter ia  are different from each  other. This h igh  degree  of var ia t ion 
among the bacter ia  dis t inguishes  microbial  populat ions der ived from widely separa ted  eas tern  and 
western regions of the Atlantic Ocean. It also sets apart  from each other  the populat ions der ived 
from samples collected at successive stat ions some 200 miles apart, a l though to a lesser degree. 
With bacterial  populat ions found from samples  collected on the  way back  and  forth b e t w e e n  Europe 
and the Sargasso Sea a gradual  change  was observed  from "wes te rn"  phage  sensi t ivi ty pa t te rns  to 
"eas tern"  ones. Sixty-nine Atlantic Ocean  bacter ia  are sensi t ive to bac te r iophages  isolated from the  
North Sea and  the Bay of Biscay; of these  only 26 strains are also suscept ible  to Atlant ic  Ocean  
phages.  The interpreta t ion of the results is based  on the hydrographica l  condit ions prevai l ing  in the 
nor thern Atlantic Ocean including the North Sea, and  on the assumpt ion that  the microbial  
populat ions invest igated have  undergone  genet ic  changes  whi le  be ing  t ranspor ted wi th in  water  
masses from west to east. 

I N T R O D U C T I O N  

P h a g e  t y p i n g  is a s e n s i t i v e  tool  for  e s t a b l i s h i n g  g e n e r i c  r e l a t i o n s h i p s  a m o n g  b a c -  

ter ia .  It is w i d e l y  u s e d  i n  c l i n i c a l  l a b o r a t o r i e s  to i d e n t i f y  n e w l y  i s o l a t e d  s t r a i n s  w i t h i n  

c e r t a i n  s p e c i e s  of p a t h o g e n i c  b a c t e r i a .  S p e n c e r  (1957) e m p l o y e d  t h i s  m e t h o d  w i t h  

l u m i n o u s  b a c t e r i a  d e r i v e d  f rom N o r t h  S e a  f i s h e s  (79 b a c t e r i a l  s t r a in s )  a n d  f r o m  " J a p a n -  

e s e  m a r i n e  s o u r c e s "  (7 s t r a ins ) .  H e  f o u n d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

b o t h  g r o u p s  of b a c t e r i a  w h i l e  a p p l y i n g  o n l y  o n e  b a c t e r i o p h a g e  i s o l a t e d  f r o m  N o r t h  S e a  

w a t e r  w i t h  o n e  of t h e  N o r t h  S e a  l u m i n o u s  b a c t e r i a .  

T h i s  p h a g e - h o s t  c r o s s - r e a c t i o n  t e s t  c a n  a l so  b e  s u c c e s s f u l l y  u s e d  w i t h  a n y  se t  of 

u n s p e c i f i e d  b a c t e r i a  for w h i c h  a s u f f i c i e n t l y  l a r g e  n u m b e r  of b a c t e r i o p h a g e s  h a s  b e e n  

i so l a t ed .  As  r e p o r t e d  i n  a p r e v i o u s  p a p e r  ( M o e b u s ,  1980), for  213 b a c t e r i a l  s t r a i n s  s o m e  

250 s t r a i n s  of b a c t e r i o p h a g e s  w e r e  i s o l a t e d  f r o m  48 w a t e r  s a m p l e s  c o l l e c t e d  i n  t h e  

A t l a n t i c  O c e a n  b e t w e e n  t h e  E u r o p e a n  c o n t i n e n t a l  s h e l f  a n d  t h e  S a r g a s s o  S e a  d u r i n g  

s p r i n g  1979. T h i s  e x t e n s i v e  m a t e r i a l  w a s  u s e d  for  a n  i n v e s t i g a t i o n  b a s i c a l l y  c o n c e r n e d  

w i t h  t h e  q u e s t i o n  of d i f f e r e n c e s  b e t w e e n  t h e  i s o l a t e d  p h a g e - b a c t e r i a  s y s t e m s  i n  r e l a t i o n  
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to their  geographic  origin. Inc luded  were 40 bacter iophage-host  systems previously 
der ived from samples  collected in  the North Sea near  He lgo land  and  the Bay of Biscay. 
Tak ing  all into considerat ion,  774 bacter ia l  strains were phage- typed.  

Results concern ing  geography-re la ted  differences in  sensi t ivi ty to bacter iophages  as 
well  as gener ic  re la t ionships  among  the bacter ia  wil l  be  reported in this paper.  

MATERIALS AND METHODS 

M e d i a  

Seawater  agar  (SWA) conta ined  5 g pep tone  (Difco), 1 g yeast extract (Difco), 0.1 g 
FePO 4, and  15 g agar (Difco) per  liter. Soft seawater  agar (sSWA) was of the same 
composi t ion except  for its agar  concent ra t ion  which was 0.6 %. Seawater  broth (SWB/5) 
was prepared  with 1 g pep tone  (Difco), 0.2 g yeast  extract (Difco), and  0.1 g FePO4 per 
liter. For all med ia  the ingred ien t s  were dissolved in  a mixture of 75 % aged North Sea 
water  and  25 % dist i l led water. Their  pH was about  7.6 after autoclaving for 20 min  at 
121 °C. 

B a c t e r i a  

The bacter ia  were  isolated from North Sea water  collected near  Helgoland  be tween  
1969 and  1978 (H-series), from samples  t aken  in  the Bay of Biscay in October 1978 (B- 
series), and  from 48 samples  of At lant ic  Ocean  water  (Moebus, 1980) in spring 1979 (A- 
series). They  were m a i n t a i n e d  on SWA slants stored at 5 °C and  grown in  roll cultures (1 
rpm) of 4 ml SWB/5 each at 25 °C. 

B a c t e r i o p h a g e s  

General ly ,  the bac te r iophages  were  der ived from the same water  sample  as their 
host bacteria.  However,  among  the phages  of the H-series which were all isolated 
b e t w e e n  1976 and  1978, some were found with bacter ia  selected from our culture 
col lect ion which  were  isolated b e t w e e n  1969 and  1976. 

High-t i t re  phage  stocks (lysates) were prepared  as descr ibed previously (Moebus, 
1980). 

D e s i g n a t i o n  of b a c t e r i a  a n d  b a c t e r i o p h a g e s  

Bacteria are d i s t ingu ished  by capital  letters (referring to the respective series) and 
consecut ive  n u m b e r s  (e.g. A1318). Bacter iophages  are des igna ted  by the label  of their 
or ig inal  hosts and  consecut ive  number s  fol lowing a stroke (e.g. A1318/1). Bacteriophage 
mutan t s  are d i s t ingu ished  by an  addi t ional  n u m b e r  fol lowing a hyphen  (e.g. A1318/1-1). 

P h a g e - h o s t  c r o s s - r e a c t i o n  tes t s  

Double  layer  plates con ta in ing  a 10 ml SWA bottom layer  (predried) and  2.5 ml 
sSWA as over layer  were  used, the sSWA seeded  with about  108 bacteria.  Immedia te ly  
after h a r d e n i n g  of the sSWA, lysates were dotted on top of the over layers by means  of 
20-point  inoculators  which  were f lame-ster i l ized with e thanol  after each use. The plates 
were  then  i ncuba t ed  at 25 °C overnight .  



Bacter iophage sensi t ivi ty pat terns  377 

R e a d i n g  of tes t  p l a t e s  

After incuba t ion  the plates were  checked  for spots ind ica t ing  react ion of the bacter ia  
to lysates. Two types of react ion were d is t inguished:  more or less clear spots due to lysis 
of bacteria,  and  more or less turbid  spots. The lat ter  were t aken  into account  only  if they 
were dist inctly less turbid  than  the su r round ing  bacter ia l  lawn. 

RESULTS 

Phage-host  cross-reaction (PHCR) tests were performed with 298 bac te r iophage  
strains, 258 of which be long  to the A-series,  31 to the H-series,  and  9 to the B-series. 
Within the A-series, bac ter iophage  doublets  found from the same sample  ( intra-sample 
doublets) had genera l ly  b e e n  e l imina ted  dur ing  p receed ing  inves t igat ions  (Moebus, 
1980), with the except ions men t ioned  below. In t ra-sample  double ts  of bacter ia  of the A- 
series, however,  were inc luded  in  the present  invest igat ion.  

In a first series of PHCR tests the k n o w n  250 host bacter ia  ( inc luding  210 of the A- 
series) were used. Because of the encourag ing  results, an  addi t iona l  523 bacter ia l  strains 
of the A-series were subjec ted  to PHCR tests. Among  these, 116 strains produced clear or 
turbid spots with one or more bac te r iophage  lysates. 

Figure 1 compiles the results ob ta ined  with the bacter ia  of the A-series found to be 
sensi t ive to lysates of bac ter iophages  of the A-series. Circles indica te  clear lysis, dots 
represent  turbid spots as observed dur ing  the PHCR tests or in  control spot tests (see 
below). The number s  of in t ra -sample  doublets  of bacter ia  are g iven  in  paren theses  
according to the present  f indings.  These  differ in  some cases from previous  ones insofar 
as bacterial  strains wi th in  larger groups of in t ra -sample  doublets  could be different iated 
dur ing  this invest igat ion.  The results found with bacter ia  and  phages  isolated from the 
same sample  are shown in  ind iv idua l  boxes. The area de l imi ted  by the b roken  l ine  
comprises only the results for bacter ia  and  phages  der ived from samples  collected west  
of the Azores. 

As can be seen in  Figure 1, the sensi t ivi ty marks are d is t r ibuted rather uneven ly .  
Most conspicuous is the rareness  of sensi t ivi ty a mong  bacter ia  isolated from samples  
collected at Station Nos 465 to 581 to bac te r iophages  found in  samples  t aken  at Stat ion 
Nos 454 to 464 and  588 to 605. This indica tes  that two groups of bac ter iophage-hos t  
systems were  encoun te red  in  the Atlant ic  Ocean.  As can be revea led  by referr ing to the 
cruise track presented  by Moebus  (1980, Fig. 1), the respect ive stations were  west  and  
east, respectively, of the Azores. Secondly,  it is obvious that a cons iderable  port ion of 
bacteria  isolated from samples  t aken  b e t w e e n  the Bay of Biscay and  the Azores (Station 
Nos 454 to 465 and 602 to 605) is suscept ible  to bac ter iophages  isolated from samples  
collected west  of the Azores (Station Nos 465 to 581). In contrast, the bacter ia  der ived  
from samples taken  be tween  the Azores and  m a i n l a n d  Portugal  (Station Nos 588 to 601) 
are genera l ly  insensi t ive  to "western"  bac ter iophages  a nd  in  most cases also to phages  
isolated from samples  collected at the more nor thern  stat ions (Nos 454 to 464 and  602 to 
605), compris ing a sub-group among  the "eas tern"  bacteria.  

The f indings  concern ing  this sub-group  i n c l ud i ng  those ob ta ined  for the last 3 
samples (Station Nos 602 to 605) give the impress ion  that from each sample  rather  
distinct sets of bacter iophage-hos t  systems have b e e n  derived.  They  are, of course, 
related to each other as ind ica ted  by  sensi t ivi ty marks  in  Figure  1 (lower right) loosely 
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scattered a round the boxes r ep resen t ing  each of the 11 samples  proper. Similar  observa- 
t ions can be made  with the f indings  ob ta ined  from most of the other samples;  however, 
this is more difficult due to the great  n u m b e r  of sensi t ivi ty marks dis t r ibuted over large 
port ions of the figure. 

To demonst ra te  re la t ionships  on the one hand  and  differences on the other among 
the numerous  bacter iophage-hos t  systems found, the bacter ia l  strains were grouped 
according to similari t ies in phage  sensi t ivi ty patterns.  General ly,  the grouping  was 
based on the observat ion of more or less clear lysis (circles in  figures) of the respective 
bacter ia  by one or more phages.  If l i nkage  b e t w e e n  (groups of) bacter ia  had to be based 
on lysate activity resu l t ing  in  tu rb id  spots, the respect ive f indings  of the PHCR tests were 
control led by spot- test ing several  d i lu t ions  of the lysates in  ques t ion  to make  sure that 
this activity was due to bac ter iophage  product ion as ind ica ted  by s ingle  p laque  forma- 
tion. 

This control was necessary since it was found that not all turbid spots observed 
dur ing  the PHCR tests could safely be a t t r ibuted to phage  propagation.  In spite of this 
uncer ta in ty ,  turbid  spots were not excluded from this presentat ion,  even  without  further 
control, provided that they had no profound bea r ing  on the present  results in general .  
The p rob lem posed by turb id  spots is u n d e r  present  invest igat ion.  

The g roup ing  of bac ter iophage-hos t  systems resul ted in 2 large clusters shown in 
Figures  2 and  3, and  in  8 smal l  ones. The lat ter  comprise be tween  2 and  17 bacterial  
strains and  b e t w e e n  4 and  8 bac te r iophage  strains, i nc lud ing  intra- as wel l  as inter- 
sample  doublets .  Forty-two bac ter iophage-hos t  systems ( inc luding 5 doublets) do not fit 
in  any  of these clusters. 

In Figures  2 and  3, the strain number s  of bacter ia l  doublets  are pooled, with intra- 
sample  double ts  p resen ted  in  parentheses .  In Figure 2, two or three numbers  of phage 
strains are p resen ted  in  series ind ica t ing  doublets.  In most cases these doublets  were 
isolated with the same host. They were, however,  used in  this inves t igat ion since 
differences in  several  p laque  characteristics (e.g. size, n u m b e r  of progeny phages  per 
p laque  "uni t  size", appea rance  of edge,  degree  of clearness) were large enough  to 
warran t  the expecta t ion that these phages  possibly could be different iated dur ing  the 
PHCR tests as did h a p p e n  with a n u m b e r  of other phage  " 'doublets" (see phages  A45/1 to 
A45/4 and  A139/1 to 139/3, for example) .  

The cluster shown in  Figure  2 inc ludes  160 out of 326 bacter ia l  strains of the A-series 
found to be sensi t ive  to any  of the A-series  lysates used. Nine ty  strains were isolated 
from "eastern"  samples  and  70 strains from "western"  ones. As can be deduced  from the 
bacter ia l  strain numbers ,  the members  of this cluster were found at m a n y  different 
stations sampled,  i rrespective of the geographic  position. However,  bacter ial  strains 
isolated from samples  collected east of the Azores (strain Nos below 180 and  above 1250) 
are preferent ia l ly  grouped  at the left and  right  port ions of the figure, whereas  strains 
found from samples  t aken  west  of the Azores group in  the middle  of the figure. This 
indicates  that closely related bacter ia  were p redominan t ly  found at stations relat ively 
nea r  to each other. For example,  s train Nos A31 to A57 and  A1451 to A1504 be long  to the 
geographica l ly  ad jacen t  stat ions 456 and  602 plus  603, respectively,  which were in  the 
south-western  part  of the Bay of Biscay. 

In contrast to the f indings  shown in  Figure  2, the second cluster of bacter iophage-  
host systems presen ted  in  Figure  3 comprises a much  larger port ion of bacter ial  strains 
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Fig. 3. Bacteriophage sensitivity patterns among A-series bacteria (cluster 2). Other information as 
for Fig. 2 

isolated west  of the Azores. A m o n g  the 65 bac ter ia l  strains in this cluster, only 12 strains 

represen t ing  4 groups of double ts  (Nos A64 to A88 and  A1464 to A1496) were  found in 
the eas tern  part  of the At lant ic  ocean.  Correspondingly ,  a m o n g  the 44 b a c t e r i o p h a g e  

strains inc luded  in this cluster  only 5 were  der ived  from "eas t e rn"  samples .  
The degree  of re la t ionship  b e t w e e n  the bac te r iophage-hos t  systems in the second 

cluster is genera l ly  h igher  than that  b e t w e e n  most systems combined  in the first one 
{Fig. 2). As can be seen  from Tab le  1, only 20 % of the bac ter ia l  strains inc luded  in 

cluster  1 were  sens i t ive  to more  than 6 different  lysates,  whe reas  wi th  cluster  2 the 

corresponding va lue  is 61.5 %. If based  only on results r ep resen ted  by circles in the 

figures (i. e. c lear  lysis), the respec t ive  f igures  are 13 % with  cluster  1 and 50 % with  

cluster 2. This dif ference b e t w e e n  both clusters is e v e n  expressed  by the absolute  
numbers  g iven  in Tab le  1. Calcula t ions  r e g a r d i n g  the " w e s t e r n "  bacter ia ,  i nc luded  in 

cluster 1 only, are also p re sen ted  in Table  1. They  are not much  different  from those 
found with  the who le  cluster. Conce rn ing  bac te r iophages  the re la t ionship  of which,  of 

course, can also be deduced  f r o m  Figures  2 and 3, s imilar  d i f ferences  b e t w e e n  both 

clusters are obvious.  
As men t ioned  above,  in addi t ion  to the 2 large  clusters of bac te r iophage-hos t  

systems 8 small  ones were  found. A m o n g  the latter, 6 clusters comprise  only bac ter ia  and 
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Table 1. Absolute and relative numbers of A-series bacteria reacting to lysates of A-series 
bacteriophages grouped according to the numbers of lysates active per bacterial strain, o, •: clear 

lysis and turbid spots, respectively, in PHCR tests 

Number of active lysates 
Bacterial o plus • o only 

strains 1-3 4-6 7-9 ~ 10 1-3 4-6 7-9 --> 10 

Cluster 1 (Fig, 2) 

No. 54 74 12 20 83 37 10 8 
% 33.8 46.2 7.5 12.5 60.2 26.8 7.2 5.8 

Cluster 2 (Fig, 3) 

No. 17 8 11 29 19 12 20 11 
% 26.2 12,3 16.9 44.6 30.7 19,3 32.2 17.8 

"Western" bacteria only of cluster 1 (Fig. 2) 
No. 12 46 5 7 25 27 5 3 
% 17.1 65,7 7.2 10.0 41.6 45.0 8.4 5.0 

p h a g e s  i sola ted  from samples  co l lec ted  east  of the Azores. One  cluster  contains 11 

bacter ia l  strains of wh ich  4 are " w e s t e r n "  ones, and 8 bac ter iophages ,  1 of which  is of 
wes te rn  origin.  The  e igh th  cluster  comprises  17 bacter ia  and 5 phages  inc lud ing  only 1 

phage -hos t  system iso la ted  east  of the Azores.  
F igure  4 presents  the f indings  ob ta ined  wi th  bac te r iophages  of the H- and B-series. 

Thei r  act ivi ty  on bac te r ia  of the respec t ive  ser ies  is demons t ra ted  for comparison only. It 

is noteable ,  however ,  that  the bac t e r i ophage  strains H7/2, H54/1 and H84/1 were  
i sola ted  in 1976 w he rea s  the major i ty  of the o ther  H-ser ies  phages  were  found in 1978. 

As can be  seen  in Figure  4, wi th  11 out of 31 lysates of the H-ser ies  phages  and with 

1 of the 9 lysates  of the  B-series p h a g e s  c lear  or turbid spots were  found dur ing  PHCR 

tests wi th  69 bac te r ia  of the A-series,  the turbid  spots ou tnumber ing  the clear  ones. Two 

observat ions  are conspicuous.  Firstly, the re  is no over lap  in sensi t ivi ty  to lysates of the H- 

and B-series, respect ive ly .  Secondly,  of 26 bac te r ia  of the A-series,  sensi t ive to A-ser ies  

lysates  ( indicated in the f igure  by dots in front of bac ter ia l  strain numbers) ,  19 reac ted  to 
the lysate  of the one  B-series p h a g e  de r ived  from Bay of Biscay wate r  in 1978, versus only 
7 strains reac t ing  to lysates of 5 bac t e r iophages  of the H-series.  

Finally,  it should  be no ted  the 3 bacter ia  of the H-ser ies  and 2 of the B-series were  

suscept ib le  to 2 and 6 p h a g e s  of the A-series,  respect ively ,  all of which  were  der ived 
from samples  co l lec ted  wes t  of the Azores.  

DISCUSSION 

As m e n t i o n e d  above,  the reason(s) why  the many  phage -bac t e r i a  combinat ions  
resu l ted  in turbid  spots dur ing  PHCR tests is {are} not known  at the present .  Several  

reasons are cQnceivable.  Lysogeniza t ion  of the respec t ive  bac ter ia  or lysis inhibi t ion 
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n u m b e r .  S y m b o l s  a s  i n  F i g u r e  1 
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may be involved.  As observed by  these authors, turbid  lysis may occur in  phage-host  
systems which  give rise to very t iny s ingle  plaques.  However,  turbid  spots can also be 
caused  by an  inhibi tory  activity of high-t i t re  lysates which does not involve phage 

propagat ion,  as observed by Blair & Wil l iams (1961) whi le  phage- typ ing  Staphylococcus 
aureus. Regard ing  the results as p resen ted  in  this paper  the fol lowing can be stated. 

Even if turbid  spots had b e e n  excluded from presentat ion,  the var iat ion in phage 
sensi t ivi ty pat terns  among  the A-series bacter ia  would  not be much different from that 
shown in  Figures 2 and  3. A relat ively small  port ion of bacter ia l  strains would  not be 
inc luded  at all, and  in  very few cases bacter ia  now regarded  as be i ng  different would 
combine  in  groups of doublets.  However,  omission of the turbid  spots is not justified 
since m a n y  of them are k n o w n  to be a t t r ibutable  to phage  propagation.  Nevertheless,  
among  the r ema in ing  turbid  spots some may be falsely in terpre ted as positive results 
a l though  read ing  of the test plates  was performed with utmost  care. The degree  of 
turbidi ty  was recorded, and  all turb id  spots regarded  as doubtful  were not t aken  into 
account,  due to f indings  of control exper iments  performed with representat ive  phage-  
bacter ia  combinat ions .  Therefore, the f indings  p resen ted  in  Figures 1 to 3 are expected 
to be  val id  to, at least, 90 %. The same holds true rega rd ing  the results shown in  Figure 
4; however,  in this case, the omission of turbid  spots would  considerably  reduce the 
n u m b e r  of bacter ia l  strains inc luded.  

The r ema in ing  uncer ta in ty  conce rn ing  the m e a n i n g  of turbid  spots, however,  has no 
bea r ing  on the discussion of the h igh ly  conspicuous  results as presen ted  in  this paper. 
These are the cons iderable  var ia t ion  in  bac ter iophage-hos t  systems and  the strong 
separa t ion  of microbial  popula t ions  encoun te red  east and  west of the Azores, respec- 
tively, in  the Atlant ic  Ocean.  

According to presen t  knowledge ,  of the 326 bacter ia l  strains of the A-series found to 
be sensi t ive to one or more bac te r iophage  lysates (Fig. 1) 250 are different from each 
other. The r e m a i n i n g  76 strains are doublets,  compris ing  38 each of intra- and  inter- 
sample  doublets.  The isolat ion of in t ra -sample  doublets ,  of course, was of no interest  and 
it was  avoided where  possible.  Therefore, the n u m b e r  of 38 of such doublets  is disap- 
po in t ing ly  large. In contrast, the same n u m b e r  of in te r - sample  doublets  is as tonishingly 
low but  fits the fact that such a large n u m b e r  of bacter ia l  strains of the A-series could be 
different iated by PHCR tests. 

The great  var ia t ion in  bac ter iophage-hos t  systems, m a n y  of them be ing  related to 
each other (Fig. 2 and  3), not only sets apart  microbial  popula t ions  collected from widely 
separa ted  regions of the Atlant ic  Ocean  but  also those der ived from samples  collected at 
n e i g h b o u r i n g  stations. For example,  of the 48 stations sampled  in the Atlant ic  Ocean, 23 
were in  a re la t ively small  area nea r  Bermuda  b e t w e e n  about  55°W to 65°W and  32CN to 
26°N (Station Nos 478 to 570, s train Nos A371 to Al136), Of the 162 "western"  bacteria, 
106 were der ived from this area, the latter compris ing 10 intra- and  16 inter-sample  

doublets.  
On  the average,  less than  one in te r - sample  double t  per  sample  was found in this 

area. This is all the more as tonish ing  as only 2 of the 16 in ter -sample  doublets  were 
ob ta ined  from samples  collected at stations farther apart  than the m e a n  distance 
b e t w e e n  any  of the 23 stat ions successively sampled.  The r e ma i n i ng  14 inter-sample  
double ts  were  isolated from samples  t aken  at geographica l ly  more ad jacent  stations 
irrespective of t h e  t ime interval  b e t w e e n  sampling.  For example,  the in ter-sample  
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doublets  A371, A417 and  A l l 0 8  were der ived from samples  t aken  at Station Nos 478 
(March 2), 480 (March 3) and 568 (April 1), respectively,  the last two stations only a short 
distance apart. Similar  observat ions were made  with 7 other sets of in te r - sample  
doublets,  the interval  b e t w e e n  sampl ing  r ang ing  from 5 to 17 days. 

Cer ta inly  no fa r - ranging  specula t ions  should be based  on these few observat ions  
which, however,  correspond with, and  emphasize,  the great  diversity a mong  the bacte-  
rial popula t ions  encoun te red  at any  of 23 stations in  this re la t ively small  area. As c a n  be  
seen from Figures 1 and  2, s imilar  var ia t ion amo ng  bacter ia l  popula t ions  was found in  
samples collected successively in  other regions of the Atlant ic  Ocean.  

In bacter iophages  of the A-series still greater  diversity was observed than  among  
bacteria. As stated above, 250 (about 77 %) of the 326 sensi t ive bacter ia l  strains are 
regarded as be ing  different. The respect ive f igures for bac te r iophages  are 224 (about 
87 %) of 258 strains. Furthermore,  38 (=  11.6 %) in te r - sample  double ts  were ident i f ied 
among the bacter ia  but  only 4 (= 1.6 %) of such doublets  among  the phages.  

In the section "Results" emphas is  was p laced  on the conspicuous  difference exis t ing 
among bacteria  isolated east and  west  of the Azores, respectively,  in  regard to their  
bacter iophage sensi t ivi ty pat terns  (Fig. 1). As can be seen  from Figure  2, re la t ionships  
be tween  "eastern"  and  "wes tern"  bacter ia  were  es tabl i shed by the PHCR tests. How- 
ever, this f igure too, shows that  the degree  of re la t ionship  is h igher  wi th in  the group of 
"eas tern"  bacter ia  and  that of "western" ones, respectively,  than  among  bacter ia  of both 
groups. 

Also men t ioned  before was the sub-group a mong  "eas tern"  bac ter iophage-hos t  
systems isolated from samples  collected b e t w e e n  the Azores and  the m a i n l a n d  of 
Portugal  (Station Nos 588 to 601, Fig. 1). As can be seen  from Figure 2, re la t ionships  have 
b e e n  es tab l i shed  in  qui te  a n u m b e r  of cases b e t w e e n  bacter ia  found from these samples  
(strain Nos 1254 to 1450) and bacter ia  isolated from other "eas tern"  or even  "wes tern"  
Atlantic Ocean  samples.  In contrast to these f indings,  in  the bacter iophages ,  der ived 
from the samples  in  question, a very low degree  of re la t ionship  with phages  ob ta ined  
from other samples  was observed, as is deduc ib le  from the low n u m b e r  of sensi t ivi ty 
marks related to the 24 different phage  strains A1284/1 to A1449/1 in  the left and  midd le  
portions of Figure  2. 

One  impor tant  aspect of the present  results can be  in terpre ted  on  the basis  of the 
genera l  hydrographica l  condit ions wi th in  the part  of the Atlant ic  Ocean  visited. As can 
be seen from Figure 1, numerous  bacteria,  der ived from samples  t aken  be t w e e n  the 
European con t inen ta l  shelf and  the Azores, were found to be sensi t ive to bac ter iophages  
isolated from samples  collected west of the Azores. This can reasonably  be accounted  for 
by eastward transport  of bacter iophage-host  systems in  water  masses  par t ia l ly  or iginat-  
ing in  the Sargasso Sea (Sverdrup et al., 1970; Dietrich et al., 1975). Logically, this 
in terpre ta t ion should also apply to the f indings  regard ing  the "wes tern"  bac ter iophage-  
host systems only. This is the case, indeed,  for bacter ia  isolated dur ing  the cruise from 
the Azores to Bermuda (Station Nos 465 to 489) are often sensi t ive to phages  isolated 
from samples successively collected at these stations and  from samples  of the Sargasso 
Sea region (Fig. 1). Bacteria from samples  collected on the way back  from Bermuda to the 
Azores (Station Nos 565 to 581) can be inc luded  in  this group. 

The r ema in ing  bacter ia  of wes tern  or igin  were found at Stat ion Nos 492 to 564, i.e. 
from samples  collected in  a small  area wi th in  the Sargasso Sea. As ind ica ted  by the 
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d is t r ibut ion of sensi t ivi ty  marks in  Figure 1, a common feature of these bacter ia  is a high 
degree  of sensi t ivi ty to phages  isolated from samples  collected at p receed ing  "western" 
stations versus a low degree  of sensi t ivi ty to phages  found from samples  t aken  dur ing  the 
cruise f r o m  Bermuda to Europe. This conspicuous difference can also be at t r ibuted to the 
p reva i l ing  eas tward movemen t  of surface water  masses, unde r  the reasonable  assump- 
t ion that  the ship 's  speed was h igher  than  that of the water  flow. 

If the more or less g radua l  change  in  bac ter iophage  sensi t ivi ty patterns,  as observed 
in  bacter ia l  popula t ions  der ived from samples  successively collected on the way back 
and  forth b e t w e e n  Europe and  Bermuda,  is correctly re la ted to eastward transport  of 
microbial  populat ions ,  one also has to assume that wi th in  these popula t ions  changes  in  
terms of genet ics  take place. Otherwise  it would  be difficult to interprete  the fact that 
numerous  "eas tern"  bacter ia  are suscept ib le  to "wes tern"  phages  but  only few "west- 
ern"  bac ter ia  to "eas tern"  phages.  The  cons iderab le  var ia t ion  among  the bacter iophage-  
host systems isolated from the relat ively small  area south-east  of Bermuda (middle 
port ion of Fig. 2, and  Fig. 3) on the one hand,  and  similari t ies  be t w e e n  bacter iophage 
sensi t ivi ty pat terns  of "eas tern"  and  "western"  bacter ia  as well  as seemingly  gradual  
changes  in these s imilar i t ies  on the other hand  (left port ion of Fig. 2) support  this view. 

Above we po in ted  out the rather  conspicuous  de l imi ta t ion  observed be t w e e n  "east- 
e rn"  and  "wes te rn"  microbia l  popula t ions  in  the vicini ty of the Azores which cannot  
easi ly be  in terpre ted  on the basis  of the genera l  hydrographical  features of the Atlantic 
Ocean. This de l imi ta t ion  is clearly cut in  regard to bacter iophage-hos t  systems isolated 
on the way from Europe to Bermuda but  less dist inct  for those systems der ived from the 
same reg ion  on the way back to Europe (Fig. 1). It is, however,  a ssumed  to be an  artifact 
for two reasons:  Firstly, the fact that a large port ion of bacter ia  found from Station Nos 
462 and  464 are sensi t ive  to phages  isolated from preceed ing ly  collected samples can 
reasonably  be a s sumed  to be a r andom event  as it is a u n i q u e  observation.  Secondly, 
dur ing  the ship 's  first call to Ponta Delgada  (Sao Miguel ,  Azores) a severe storm 
(Beaufort 11) raged  for two days, cer ta inly  caus ing  changes  in  hydrographic  condit ions 
in  that  area, which  p robab ly  in f luenced  the f indings  ob ta ined  with samples  t aken  west 
of the Azores immedia t e ly  afterwards. 

Final ly,  the results based  on exper iments  with bac ter iophages  of the H- and  B-series 
on A-series bacter ia  shall  be cons idered  (Fig. 4). As me n t i one d  before, among  the 69 A- 
series bacter ia  no overlap was observed in  sensi t ivi ty  to the bac ter iophages  isolated from 
the North Sea and  the Bay of Biscay dur ing  p receed ing  years. Of these bacteria,  22 
reacted to the lysate of phage  B14/2, 19 of the latter also be i ng  sensi t ive to phages  of the 
A-series. The r e m a i n i n g  47 bacter ia  of the A-series reacted to the lysates of 11 H-series 
phages  i nc lud ing  only 7 strains which  are also sensi t ive to A-series bacteriophages.  It 
also should be noted  that of these 69 A-series bacter ia  only 16 are "eastern" strains. 

These  f ind ings  ind ica te  different re la t ionships  be t w e e n  microbial  popula t ions  from 
the wes te rn  Atlant ic  Ocean  a n d  popula t ions  from the North Sea and  the Bay of Biscay, 
respectively.  They can also be in terpre ted  on the basis  of hydrographical  data  which set 
apart  the two last m e n t i o n e d  regions from each other. Vastly more western  Atlantic 
Ocean  water, t ransported via Gulf Stream and  North Atlant ic  Current,  enters  the North 
Sea from north than  through the Engl ish  C h a n n e l  (Dietrich et al., 1975; Gessner,  1957). 
This not only helps  to expla in  the re la t ionships  b e t w e e n  wes te rn  Atlant ic  Ocean  
popula t ions  and  North Sea popula t ions  bu t  also the differences be t w e e n  populat ions 
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f rom the  N o r t h  S e a  a n d  t h e  Bay  of Biscay.  M o r e  a t t e n t i o n  wi l l  b e  p a i d  to t h e  l a t t e r  p o i n t  

in  t h e  fu ture .  
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