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SUMMARY

Investigations were conducted in to  the effect o f 3 
m arine bacteria, V ibrio anguillarum  #19264, V. 
angu illarum  #19109, and  Escherichia coli, on the 
grow th o f 10 phy  to p lank ter s. A disc m e thod  on agar 
plates was used to evaluate growth responses. G rowth  
enhancem ent o f all algae in the presence of V. 
angu illarum  #19264 occurred on an enriched agar 
m edium ; the other bacteria yielded variable re­
sponses. Evidence available is consistent w ith  the 
hypothesis that growth enhancem ent o f algae is 
related to the release o f stim ula ting  substances 
through bacterial hydrolysis of the agar.

INTRODUCTION

T h e  in tro d u c tio n  of pure cu lture  techniques in to  
algal cu ltiva tion  in  the late 19th century  by Bei- 
jerinck and  the subsequent developm ent and  u tiliza­
tion  of these techniques by Pringsheim  (36,37) and 
num erous o ther investigators resulted  in  a w ealth 
of in fo rm ation  on n u tritio n a l requirem ents of m any 
species of algae in laboratory  culture. A lthough 
some n u tr itio n a l studies have been conducted  w ith 
bacterized cultures (1,17,23), the m ost widely held 
op in ion  is th a t nu tritio n a l, biochem ical, and  physio­
logical studies should be conducted w ith  axenic 
strains so th a t results do not become obscured by a 
con tam inating  population . T axonom ic and  m orpho­
logical studies may also be affected by bacteria l con­
tam inants. C erta in  m arine bacteria influence the 
m orphological developm ent of Ulva lactuca in  cul­
tu re  to resem ble th a t of Enterom orpha  ancl some 
bacteria restore norm al m orphology of Polysiphonia  
urceolata after it has been lost in  laboratory  culture 
(39). I t  was also observed th a t bacteria  can induce 
form ation  of long filam ents and  increase develop­
m ent of reproductive structures in  O edogonium  
cardiacum (27).

Some investigators question the applicab ility  of 
data  ob ta ined  under axenic conditions to conditions 
in  n a tu re  because of the complex in teractions th a t 
occur betw een organisms in  their m icroenvironm ents. 
T hese canno t be duplicated  in  the laboratory , bu t 
can  be isolated from each o ther and  stud ied  inde-

1 T ra d e  n am es re fe rre d  to in  th is p u b lic a tio n  d o  n o t im p ly  
en d o rse m e n t o f  com m ercial p ro d u c ts  by  th e  N a tio n a l M a rin e  
F ish eries  Service.

2 R ec e iv e d  F ebru a ry  14, 1974; revised  S e p te m b e r  11, 1974.

pendently . Bacteria-algae in teractions are particularly  
im p o rtan t in  areas th a t are organically po llu ted  and 
ap t to contain  large num bers of bacteria. Evidence 
has been accum ulating  th a t m arine organism s release 
m any substances th a t can be expected to influence 
neighboring  popu la tions (25,33,50). F iltra tes from 
algal cultures m ay  contain  organic com pounds that 
could constitu te  a source of carbon for organisms 
w ith  hetero trop liic  capabilities (21,28,46), could be 
a po ten tia l n u tr ie n t for bacteria (5,7), and  also regu­
la te  bacteria populations th rough  an tib io tic  p ro ­
duction (9,12,14,45). T h e re  is less evidence of algal 
productiv ity  th a t is dependen t on bacterial growth, 
b u t some au thors have a ttrib u ted  enhanced growth 
of bacterized cu ltu res of m arine algae to release of 
organic grow th-prom oting factors by bacteria  (7,38). 
W aksm an et al. (48,49) noted a frequen t correlation 
of diatom  and  bacterial populations in  pelagic en­
vironm ents an d  postulated  a m u tu a l dependency of 
these m icroorganism s. T h e  absence of grow th of 
bacteria-free Skeletonem a costatum  in  seawater en­
riched only w ith  inorganic n u trien ts  was a ttribu ted  
to lack of g row th  products from  norm al bacterial 
populations (22). B erland et al. (8) repo rted  that 
some m arine bacteria  also release substances that 
in h ib it algal g row th and  cause eventual death, eg, 
Pseudom onas aeruginosa  was toxic for Tetraselm is 
striata. Blasco (10) also no ted  pathogenicity  of bac­
terial contam inants to Chlorella in  culture.

I t  is obvious th a t the resu lt of bacteria-algae in ter­
actions m ust be a species-specific one. T h is  investi­
gation was conducted to determ ine the effects of 
bacteria, 2 know n pathogens (of fish) and  1 non­
pathogen, on the grow th of certa in  phytoplankters 
in  pure culture.

MATERIALS AND METHODS

A xenic c u ltu re s  o f th e  fo llow ing  species o f algae from  the 
M ilfo rd  cu ltu re  co llec tion  w ere used  in  th is  s tudy : N a n n o ­
ch loris  sp., D u n a lie lla  euch lora , P yra m im o n a s  sp., T etraselm is  
m acu la ta , Stichococcus bacillaris, P h a eo d a c ty lu m  tr ico rn u tu m , 
P la tym o n a s  sp., C hlorella  a u to tro p h ica , N itzsch ia  laevis, an d  an  
u n k n o w n  n o n m o tile  ch lo ro p h y te , clone #U -710 . T h e  bacte ria  
V ibrio a n g u illa ru m  s tra in  #19264 a n d  V. a n g u illa ru m  s tra in  
#19109 w ere o b ta in e d  from  th e  A m erican  T y p e  C u ltu re  C ollec­
tio n , R ockville , M a ry lan d . T h e  m a r in e  s tra in  o f  Escherichia  
coli #113-3  w as su p p lie d  th ro u g h  th e  courtesy  o f D r. P au l 
B urk h o ld er.

Stock cu ltu re s o f  th e  a lgae  w ere m a in ta in e d  u n d e r  constan t 
coo l-w h ite  f lu o rescen t la m p s  (a b o u t 500 ft-c) a t  18-20 C in  the
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fo llow ing  g ro w th  m e d iu m  (d esignated  as E): K H 2P 0 4, 20 mg; 
N aN O  , 310 m g; N a 2F eE D T A , 10 m g; tris(hydroxym ethy l)- 
am in o m eth an e , 1 g; th ia m in e  HC1, 0,3 m g; v itam in  Ba2, 3 ¡xg; 
seaw ater, 500 m l; d istilled  w a te r , 500 m l; a n d  a trace m eta l 
m ix  (19). Stock c u ltu re s  o f  b a c te r ia  w ere  in c u b a te d  a t room  
te m p e ra tu re  in  th e  d a rk , in  th e  fo llo w in g  g ro w th  m ed iu m : 
D ifco2 p u r if ie d  ag a r , 15 g; try p ticase , 2 g; Bacto-Soytone, 2 g; 
yeast ex trac t, 2 g; co b a lam in e , 1 m g; m a r in e  m u d  ex trac t, 100 
m l (p rep a red  by  au to c lav in g  1 k g  of w et m a rin e  m u d  w ith  
1 li te r  seaw ater fo r  20 m in  a n d  f ilte rin g ); seaw ater, 900 m l. A ll 
m e d ia  w ere tu b e d  in  19 X 150 m m  screw -capped  tes t tu b e s  and  
au toclaved  a t  17 lb  fo r  20 m in . T u b e s  o f a g a r  m e d ia  fo r 
b a c te ria  w ere s la n te d , cooled , a n d  streak ed  w ith  in o cu la . Stock 
cu ltu re s  o f b a c te r ia  w ere  su b c u ltu re d  every  1-2 w eeks a n d  
algae a t  a b o u t 4 w eeks. A ll g lassw are w as P y re x  w ith  th e  e x ­
cep tio n  of P e tr i  d ish es w h ich  w ere  p reste rilized  polystyrene.

G row th  o f algae in  response  to b a c te r ia  was assayed by a 
disc m e th o d . A lgal g ro w th  m ed iu m  (E) w ith  th e  a d d itio n  of
1.5% B acto-A gar w as ste rilized , p o u re d  in to  P e tr i  dishes to a 
d e p th  o f a b o u t 3 m m , a n d  a llo w ed  to solidify. T u b e s  c o n ta in ­
in g  10 m l o f th is  a g a r  m ed iu m  w ere m e lted , cooled  to  a b o u t 
40 C , a n d  in o c u la te d  w ith  1 m l o f  a  3- to  4-w eek a lgal cu ltu re  
from  E m e d iu m . T h e se  tu b es  w ere  im m ed ia te ly  ro ta ted  
v igorously , p o u re d  over th e  p rev io u sly  h a rd e n e d  base in  the 
P e tr i  d ish , an d  a llow ed  to so lid ify  a t  room  te m p e ra tu re .

In o c u la  o f th e  3 s tra in s o f  b a c te ria  u se d  fo r  experim en ts  
w ere s ta n d ard ized  b y  th e  fo llo w in g  p ro ced u re : b ac te ria  w ere 
subcu ltu reel from  a g a r stock c u ltu re s  in to  20 m l o f b ro th  
m e d ia  (id en tica l to  th e  stock cu ltu re  m e d ia  b u t  w ith  agar 
o m itted ) in  25-m l P y rex  c en tr ifu g e  tu b es a n d  in c u b a te d  a t  room  
te m p e ra tu re  fo r  24 h r .  T h e se  c u ltu re s  w ere th e n  cen trifu g ed  
fo r  30 m in  a t  low  speeds (3500 g ) a t  5 C. A b o u t 15 m l o f th e  
s u p e rn a ta n t  from  each  tu b e  w as d ecan ted  asep tica lly  an d  
sed im en ted  cells 'were p oo led  to  ach ieve a la rg e  e n o u g h  w ork in g  
v o lum e. O p tica l d en s itie s  o f sam ples in  s te rile , ca lib ra ted  test 
tu b es w ere re a d  in  a  B ausch a n d  L om b S p ec tio n ic  20 a t 
520 m u . S am ples -were a d ju s te d  to  g ive a s ta n d a rd  d ensity  by 
d ilu tin g  w ith  th e  d ecan ted  ste rile  su p e rn a ta n t . A liq u o ts  of 
th is  su spension  w ere used  in  m a k in g  d ilu tio n  p la te  counts. 
S uspensions used  to charge  e x p e r im e n ta l discs h ad  average 
c o n cen tra tio n s of: V. a n g u illa ru m  #19109, 4.7 X 10s,'m l; V. 
a n g u illa ru m  #19264 , 6.6 X 10s, E . coli, 3.5 X 10°.

P a p e r  discs w ere  p re p a re d  fro m  M illip o re  f ilte r  su p p o rt 
p a p e r  (cat. #A P100-47SO , M illip o re  C o rp ., B ed fo rd , Mass.) 
w ith  a  s ta n d a rd  p a p e r  p u n c h , p laced  in  an  e m p ty  P e tr i  d ish 
an d  au toclaved  fo r  20 m in  a t  17 lb . E x p e rim e n ta l discs w ere 
ch arg ed  asep tica lly  w ith  25 la m b d a  o f th e  s ta n d a rd ized  bacte ria  
suspension . T o  p re p a re  a  d ry , inac tiv e  sam p le  o f b ac te ria  fo r  
te s tin g  o n e-h a lf o f th e  ch arg ed  d iscs w ere p laced  in  s te rile  P e tr i 
dishes, p u t  in to  a  d esiccato r over C aC l2 u n d e r  v acu u m  for 
24 h r  a t  room  te m p e ra tu re , o r  r e fr ig e ra te d  a t  0 C. T h re e  sets 
o f con tro l discs w ere  p re p a re d : (1) s te rile  p a p e r  discs w ith o u t 
any  add itiv es, (2) d iscs ch arg ed  w ith  25 la m b d a  of sterile  
b a c te ria  b ro th  m e d iu m , a n d  (3) discs charg ed  w ith  25 lam b d a  
of h ea t-k ille d  b a c te ria  fro m  th e  s ta n d a rd iz e d  suspension. 
K illed  V. a n g u illa ru m  #19109  a n d  #19264 w ere  p re p a re d  by 
h e a tin g  suspensions in  a w a te r  b a th  a t 60 C fo r  15 m in , b u t  
fo r  E. coli h e a tin g  a t  70 C fo r  15 m in  w as necessary to 
k ill o rganism s. E ffectiveness o f th e  h e a t  tr e a tm e n t in  k illin g  
b ac te ria  was d e te rm in e d  by in o c u la tin g  th e  h e a t- tre a te d  sam ple  
in to  b a c te ria l g ro w th  m ed ia . S terile  fo rceps w ere used  to 
tran sfe r  discs to algae-seeded  a g a r p lates. P la te s  w ere p re ­
p a re d  in d u p lic a te  a n d  in c u b a te d  a t 18-20 C w ith  constan t 
i l lu m in a tio n  u n d e r  coo l-w h ite  f lu o rescen t lig h ts  (abou t 500 
ft-c) fo r  several weeks. A t 2, 3, 4, a n d  8 w eeks, g ro w th  o f algae 
o n  p la tes  w as observed  a n d  zones o f in h ib it io n  o r  en h an ce m e n t 
of a lg a l g ro w th  s u r ro u n d in g  each  disc o n  th e  su rface  o f the 
p la te  a n d  d irec tly  u n d e rn e a th  th e  disc w ere  n o ted . P lates 
w ere  sealed  w ith  ta p e  a t 3 w eeks to p re v e n t ev ap o ra tio n . N o  
ch an g e  in  th e  basic  g ro w th  response  w ith  lim e  was observed 
from  th e  ea rliest to th e  f in a l o b se rv a tio n  ex cep t fo r a  sm all 
increase in  d en s ity  o f a lg a l g ro w th .

+
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Fie. 1. S urface view  of a g a r p la te  seeded w ith  P yra m im o n a s  
sp. a n d  discs charg ed  as follow s: I, l iv in g  E. co li; d , v acuum - 
d r ie d  E. coli; h , h ea t-k ille d  E. coli; m ,  b ac te ria  g ro w th  m edia; 
c, u n c h a rg e d  co n tro l disc.

RESULTS

G row th of all species of algae in  agar p o u r plates 
was un iform  w ith  the exception of S. bacillaris, 
w hich tended  to grow in  streaks (although this dic! 
no t in terfere w ith evaluation of results). W herever 
enhancem ent of algal grow th occurred it  appeared 
as a significant zone of dense grow th a round  the 
periphery  of the disc, in  some species on the disc 
itself and partia lly  in to  the depth  of the agar beneath  
the disc (Fig. 1). T h e re  was never any evidence of 
algal grow th stim ulation  su rround ing  an  u n trea ted  
disc or a disc charged w ith  sterile bacteria l growth 
m edium . Algal responses to the presence of discs 
charged w ith  bacteria and  control discs are sum ­
m arized in  T a b le  1. Exam ples of plates p ho to ­
g raphed  th rough  the bottom  of algae-seeded plates 
w ith  discs on  the surface are shown in  Fig. 2. V. 
anguillarum  strain  #19264 stim ulated  grow th of 
every alga tested. R eaction  to V. anguillarum  strain  
#19109 and  to E. coli was, in  general, less intense 
and  less freq u en t th an  w ith V. anguillarum  #19264.

G row th enhancem ent from  discs contain ing 
vacuum -dried bacteria was often d im inished or com­
pletely lost. T h is  occurred m ore frequently  if the 
desiccator was stored overnight at room  tem perature  
th an  if it was stored in  the freezer a t 0 C. I t  is note­
w orthy, however, th a t V. anguillarum  #19109 samples 
had  no effect on algal grow th in  bo th  drying methods.
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19264 19109

C h l o r e l l a  a u t o t r o p h i c a

F ig . 2. B o tto m  view  of algae-seeded  a g a r p la tes w ith  discs on  surface. I, liv in g  b ac te ria ; d , v acu u m -d ried  b a c te ria ; h ,  hea t-k illed  
b acteria ; m , b a c te ria  g ro w th  m ed iu m ; c, u n c h a rg e d  co n tro l disc.

H eating  suspensions of bacteria inactivated their 
algal-stim ulating properties in  p ropo rtion  to the 
length of tim e the bacteria  were exposed to lethal 
tem peratures (Fig. 3).

G row th m edium  w ith  m etabolic products from 
bacteria cultures was p repared  by filtering  cultures 
th rough  a 0.22-^m M illipore filter; the filtra te  was 
collected aseptically and  stored  at 0 C u n til needed. 
Before use the frozen sam ple was b rough t to room 
tem perature, 25 lam bda charged onto  paper discs, 
and  then  app lied  to algae-seeded agar plates. F il­
trates from  each bacteria cu ltu re  were tested on every 
alga, bu t in  no case was grow th stim ulation  evident. 
All algae tested, w ith the exception of P. tricornutum  
and  N itzschia  sp., are chlorophytes and  auxotrophy

is no t p revalen t in this group. Nevertheless, experi­
m ents were conducted w ith  some algae to determ ine 
if there was a possibility th a t these p a rticu la r strains 
were being  stim ulated  th rough  vitam in  production 
by bacteria. Discs charged aseptically w ith  each of 
the follow ing v itam in  solutions in  several concen­
trations, B 12 (1.0-0.001 p.g), th iam ine (0.1-0.0001 
mg), and  b io tin  (0.005-0.001 mg) were placed on 
seeded plates of P. tricornutum , C. autotrophica, 
Platym onas  sp., and  T . maculata. N o grow th stim u­
la tion  of algae was observed w ith  these vitam ins in 
the tested concentrations.

O bservations all suggested th a t stim ula tion  of algal 
grow th m ust be associated w ith  the viability  of the 
bacteria l suspension on the disc. C ounts of bacteria

T a b l e  1. R a d ia l zones o f  g ro w th  e n h a n cem en t o f algae su r ro u n d in g  discs a fte r  3 weeks.

V. anguillarum #19264 V. anguillarum #19109 E. coli Control

Algae Live (mm) Dried (mm) Live (mm) Dried (mm) Live (mm) Dried (mm) Media Blank

C hlorella  a u to tro p h ica 2 2 1 0» 0 0 “ 0 0
C h lo ro p h y te  c lo n e  U-710 1.5 0“ 1 0* 0 0“ 0 0
N a n n o ch lo r is  sp. 1 1 1 0 0.5 0.5 0 0
Stichococcus bacillaris 1 1 1 0 0.5 0.5 0 0
T etra se lm is m acula ta 2 1 0.5 0 0 0 0 0
P la tym o n a s  sp. 1 1 1 0 0.5 0.5 0 0
P yra m im o n a s  sp. 4 4 0 0 2 2 0 0
D una lie lla  euch lora 2 2 0.5 0.5 2 2 0 0
N itzsch ia  sp. 0.5 0 a 0 0a 0.5 0.6a 0 0
P h a eo d a c ty lu m  tr ic o rn u tu m 2 2 2 0 2 2 0 0

All discs containing bacteria heated at 60 C or 70 C did not induce zones of enhancement in any of the tested algae, 
a These discs were dried overnight at room temperature as contrasted with other samples which were dried at 0 C overnight.

d

E. c o l i
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T a b l e  2 . V iable bacteria on discs a fte r  various in c u b a tio n  tim es.

Time

Bacteria 0 hr 48:hr 1 wk 2 wk 3 wk

E. coli 0.36 X 10s 15.9 X IO8

oXpc> 2.5 X IO8 3.4 X 10s
V. a n g u illa ru m
#19109 0.20 X 10s 2.7 X 10s 4.9 X 10s 3.3 X 1 Oh- 1.3 X 10s

V. anguilla i'u m
#19264- 2.20 X IO8 29.7 X 10s 10.1 X 10s 2.0 X lO8 0.59 X IO8

m ade at various times after the discs were charged 
w ith  the live suspension indeed showed th a t bacteria 
rem ained  viable and, in  fact, increased in  num bers 
d u rin g  the first 48 h r  of incubation  (T ab le  2).

Some biochem ical characteristics of each strain 
of bacteria  are shown in  T ab le  3. T h e  results in d i­
cated tha t, although cellulose was no t attacked, 
cellobiose was ferm ented. I t  therefore seemed im ­
p o rta n t to determ ine if some hydrolysis or o ther re­
ac tion  of the bacteria w ith  the paper disc itself was 
responsible for the release of algal grow th-prom oting 
substances. Experim ents were conducted  in  which 
app lica tio n  of paper discs to the seeded agar surface 
was e lim inated  by substitu ting  a procedure in  w hich 
circu lar areas of 2 mm diam eter X 1 m m  deep were 
cut ou t of the agar w ith  a sterile glass tube. Bac­
teria  suspensions of 25 lam bda were app lied  directly 
to the cut o u t depression in  the agar. Evidence of 
grow th stim ula tion  sim ilar to th a t w ith  the paper 
disc appeared  (Fig. 4).

T o  o b ta in  inform ation on the tim e course of algal 
grow th enhancem ent experim ents were conducted 
in  w hich algae and  bacteria were sim ultaneously 
inocu la ted  in to  tubes of artificial seaw ater m edium  
ASP2 (40). C ultures of V. anguillarum  #19264 were

F ig . 3. R esp o n se  o f  D . eu ch lo ra  g ro w th  to E. coli h e a te d  a t 
60 C fo r  5, 15, 30, a n d  60 m in .

centrifuged, the sedim ent washed in  artificial sea­
w ater m edium , and  inocu lated  together w ith  the alga. 
F inal concentrations of bacteria  were 1.6 X IO8 ml; 
of the alga C. autotrophica, 3.3 X IO5 m l; N a n n o ­
chloris sp., 4.8 X IO5 ml; P. tricornutum , 1.3 X IO5 
ml. Surprisingly, no evidence could be found  from 
p lo tting  daily grow th densities of a stim ula tion  of 
grow th rate or of the increase in m axim um  popula­
tion of algae w ith  this ad d itio n  of washed bacterial 
cells to the algal culture. Some exam ples of these 
data  are show n in  Fig. 5. These results clearly indi-

19109

T a b l e  3 . B iochem ica l reactions o f bacteria.

V . anguillarum V. anguillarum E . coli
#19264 #19109 #113-3

A rab inose + + + G
C ellobiose + + + G
F ru c to se + + + G
G alactose + + + G
G lucose + + + G
G lycerol + + + G
L actose + 0 + G
M altose + + -FG
M a n n ito l + + + G
M a n n ito se + + + G
R affin o se + 0 + G
R h a m n o se 0 0 +G
Sucrose + + + G
In d o le + + +
M e th y l-R e d  R eac tio n + + +
U rease  p ro d u c e d 0 0 0
A ceto in  p ro d u c e d 0 0 0
C ata la se  p ro d u c e d + 0 +
C ellu lose  a tta c k e d 0 0 0

-(- =  positive reaction or acid production from sugar; G =  gas pro­
duction from sugar; 0 =  negative reaction or no acid production from 
sugar.

E. c o l i
C

F ig . 4. G ro w th  response  o f  C hlorella  a u to tro p h ica  to b ac­
te r ia  in  th e  absence o f p a p e r  discs, view  th ro u g h  b o tto m  of 
p la te ; V. a n g u illa ru m  #19264; V. a n g u illa ru m  #19109; E. coli-, 
m ,  m ed iu m ; c, b la n k  con tro l.
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Fig. 5. G ro w th  curves o f (a) N a n n o c h lo r is  sp . a n d  (b) C hlorella  a u to tro p h ica  w ith  (open  circles) a n d  w ith o u t (closed circles) 
th e  a d d itio n  of a suspension  of V. a n g u illa ru m  #19264.

cate th a t grow th stim ulation  m ust be a resu lt of 
m ateria l being  released th rough  a reaction  taking 
place betw een a viable bacteria  pop u la tio n  and its 
agar grow th m edium .

I « l i t S

F ig . 6. Z ones o f ag ar d igestion  by V. a n g u illa ru m  #19264, 
V. a n g u illa ru m  #19109, an d  E. coli.

T h e  agar-digesting capabilities of the 3 species of 
bacteria were evaluated  w ith an  iodine test (18). 
Agar plates con ta in ing  3 discs on the surface, each 
supplied w ith  a  25 lam bda bacteria  suspension 
sim ilar to th a t used in  experim ents of V. anguillarum  
#19264 (8.3 X 107/disc), V. anguillarum  #19109 (7.3 
X 10°/disc), and  E. coli (8.7 X 107/disc), all showed 
zones of agar digestion after 24 h r  of incubation 
and  m uch larger zones w ith longer incubation  times. 
T h e  zones of agar digestion (straw-colored areas 
su rround ing  discs in  reddish-violet una lte red  agar) 
appeared largest for V. anguillarum  #19264, slightly 
less w ith #19109 and  very sm all w ith  E. coli (Fig. 6).

DISCUSSION

L ittle  in fo rm ation  is available on  the ecological 
and  physiological relationships th a t exist in  mixed 
cu lture  systems o r n a tu ra l environm ents. Myers et al. 
(30) and  M ayer et al. (29) stated th a t the presence 
of bacteria h a d  little  effect on  the cu lture  produc­
tivity of Chlorella pyrenoidosa. B erland et al. (8) 
m ade the observation th a t several algal species grew 
m uch be tte r in  bacterized th an  in  axenic culture 
and  he concluded th a t grow th-prom oting vitamins 
were being released by the bacteria. N akam ura (31) 
showed th a t selected bacteria enhanced  grow th in
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n u tritio n a lly  deficient algal cultures and postu lated  
th a t a true  sym biotic rela tionsh ip  exists in  nature. 
In  ano ther observation P. tricornutum  grew better 
w ith  low bacteria  populations than  in the absence 
of bacteria, b u t w ith high bacteria  and  low algae 
populations, algal grow th was in h ib ited  (43). T h e  
2 m arine bacteria  isolates stud ied  by Bell Sc M itchell 
(5) had no effect on grow th of S. costatum, Cyclotella 
nana, D unaliella  tertiolecta, and  Isochrysis galbana, 
although grow th of bacteria themselves was stim u­
la ted  by the  algae. H ence, although there are iso­
lated  reports of enhancem ent or lack of enhancem ent 
of algal grow th by bacteria, there is little  in fo r­
m ation  on  species-specific in teractions in  defined 
conditions.

O f p a rticu la r in terest in  this investigation was the 
observation th a t V. anguillarum  dic! no t in h ib it algal 
grow th. V. anguillarum  an d  m any varian t strains of 
the species have been described as the causative 
agent in diseases of finnock (42), eels (6), w in ter 
flounder (24), and  salm on (13). T h e  stra in  #19264 
isolated from  an  ulcerous lesion in  cod (3) was 
suggested as the “w orking type” species of V. 
anguillarum  by A TC C , and  stra in  #19109 was re­
p orted  to cause baciliary necrosis in  larvae and  juve­
nile bivalve molluscs (47).

T h e  p ro d u c tio n  of physiologically significant 
am ounts of the B vitam ins, b io tin  and  th iam ine, and 
lesser am ounts of B 12 and  nicotin ic acid was dem on­
strated  in  m any isolates of m arine bacteria in pure 
cu ltu re  (11). A lthough release of grow th factors is a 
likely exp lan a tio n  for algal grow th stim ulation, 
o ther factors m ust also be considered, eg, solubiliza­
tion, redox po ten tia l, buffering, C 0 2 production, 
and  excretion of inorganic phosphates, n itrates, or 
sulfates (33). T h e  s tim u la tion  of D. euchlora by 
m ixed bacteria l cultures observed by M cLachlan & 
Yentsch (26) was a ttrib u ted  to hydrolysis of beef 
extract and  lib era tio n  of am ino acids w hich can be 
utilized  by this species (16,20).

Bell Sc M itchell (3) found the term  “phycosphere” 
useful in  discussing bacterial-algal in terrelationships. 
T h e  term  im plies the existence of a zone of enhance­
m ent for a m icrobial popu la tion  in  proxim ity  to the 
algae and  th a t the m icroflora responds to the algal 
products by being  a ttrac ted  to this area. As a parallel 
term , “bactosphere” could be useful in  describing 
the zone of en richm ent su rro u n d in g  bacterial popu­
lations th a t enhances and  attracts o ther m icro­
organisms. T h e  “bactosphere” observed in  these 
experim ents th a t a ttrac ted  algae appeared  to be 
in tim ately  associated w ith  the living bacterial cell, 
was destroyed by hea t o r excessive drying, was no t 
liberated  extracellu larly , was no t associated w ith 
hydrolysis of com plex organic n itrogen  sources, could 
no t be a ttr ib u te d  to hydrolysis of paper, and  could 
no t be dem onstrated  in  an  artificial seawater m edium . 
T h e  ten tative conclusion reached from  these studies

was th a t algal grow th stim ulation  resulted  from  the 
digestion of agar by viable bacteria w ith  the release 
of sm all molecules th a t stim ulate algal growth. O ther 
factors, such as C 0 2, N 0 3, P 0 4 or S 0 4 p roduction  by 
bacteria or physical-chemical conditions, canno t be 
ru led  ou t completely. Since enhancem ent of algal 
grow th in the presence of bacteria dic! no t take 
place in artificial seaw ater m edium , it does no t 
argue for the im portance of these la tte r  factors. T h e  
bacteria l populations, however, are p robably  no t 
active in  this inorganic m edium  so th a t these factors 
probably canno t be accurately evaluated.

T h e  p rincipal source of agar is from  the genus 
G elid ium  b u t it  can also be ex tracted  from  o ther 
species w ith  little  change in properties from the 
d ifferen t sources (34). N um erous m arine  bacteria 
possess the capacity to decompose agar, the m ajority  
are representatives of the Vibrio-Pseudomonas group  
(44,31,32). A gar consists of 2 polysaccharides, agarose 
(ß-n-galactopyranose and  3,6-anhydro-L-galactopyra- 
nose residues) and  agaropectin  (an acidic polym ere 
sim ilar to agarose). Sm aller am ounts of n-galactose, 
L-galactose, n-xylose, and  esters of sulfate glucuronic 
and  pyruvic acids are also found  (2). Some observa­
tions of algal grow th stim ulation  w ith  sim ple sugars 
have been reported , although, in  general, such 
u tilization  is no t w idespread. Galactose u tilization  
was observed in  some clilorophytes (32,41) and in  one 
unpublished  study of m arine phytoplankters (Ukeles 
Sc Rose), pyruvic acid stim ulated  growth of num erous 
species. These observations suggest th a t some product 
of agar hydrolysis, perhaps a sugar or acid, and maybe 
in  a form  not yet studied, stim ulates algal growth.

In  most cases the enhanced algal grow th that 
appeared  on the agar surface had  the same gross 
appearance su rround ing  each bacterial disc. T h is  
observation suggests th a t the same factor is stim u­
lating  grow th in all cases differing  only in  its con­
centration . T h e  difference in  ex ten t of agar digestion 
betw een the 3 bacteria and  the paralle l prevalence 
of algal stim ula tion  w ould support this contention. 
C erta in  responses, however, suggest th a t m ultip le  
factors are involved in  enhancem ent of algae. T h e  
growth response to V. anguillarum  #19264 by D. 
euchlora  and  Pyram im onas sp. was m arkedly  differ­
en t from  o ther algae. In  these algae, grow th was 
pale in  color, diffuse, and  g ran u la r spreading ou t 
from the disc ra th e r than  dark  in color, concentrated 
in  and  u n d er the disc itself. T h e re  is also a sug­
gestion of a very sm all zone of inh ib itio n  im m ediately 
su rround ing  the disc. I t  is also evident th a t for some 
species, Pyram im onas, D. euchlora, and  P. tricor­
n u tu m , the reaction of E. coli is as in tense as to V. 
anguillarum  #19264-, although, there is a m inim um  
hydrolysis of agar w ith the E. coli strain . Answers 
to these questions will be sought in  fu tu re  work.

S tanier (44) cited the work of Bavendam m  (4), 
who collected m arine sedim ents near the Baham a
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Islands th a t h ad  50,000-200,000 agar digesters/g, in 
com m enting on the im portance of agar digesters in 
the m arine environm ent. T h e  activities of these 
agar digesters could conceivably provide single or 
m ultip le  factors th a t may be of significance in  the 
prom otion  of algal blooms.

I t appears self-evident th a t under na tu ra l con­
d itions an in trica te  re la tionsh ip  m ust exist between 
bacteria and  m icroalgae th a t is poorly understood 
an d  needs considerable stud)' (12,13,26). T h is  in ter­
action is m ore com plex th an  a simple com petition 
for available nu trien ts. I t  is the au thors’ op in ion  
th a t these in teractions can best be elucidated by con­
ducting  contro lled  investigations in  the laboratory.
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