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MICROBIOLOGY 

Attachment of Marine- and Fresh-water 
Bacteria to Solid Surfaces 

~URING an investigation of the factors influencing 
chotee of substrates by the marine amphipod Corophium 
vol,utator (Pallas), I observed that distilled water induced 
mall:y bacteria to detach from the surfaces of particles of 
marme sand1 • A search of the literature revealed that 
this phenomenon had not been reported, and that there 
was little information on why aquatic bacteria attach to 
surfaces2 , 3 _ 

It was therefore decided to examine the attachment of 
aquatic bacteria to surfaces under experimental condi
tions. The experiments were conducted as follows. 
Marine bacteria were grown in a sea-water nutrient broth 
consisting of meat extract 10 g, peptone 10 g, aged sea
water 1 1.; the broth used for fresh-water bacteria was 
ma?e 1;1P of beef extract 1 g, yeast extract 1 g, peptone 1 g, 
de-10mzed water 1 1. Cultures were always used during 
the log phase of growth. The mixed cultures were obtained 
by inoculating sea-water or fresh-water into broth. Clean 
glass microscope slides were suspended for 3 h in a particu
lar culture. During this time many bacteria attached. 
?'he sl!des were then re.moved one at a time and placed 
mto different test solutions. After 1·5 h the slides were 
removed. When they were examined, it was found 
that varying numbers of bacteria had detached, depending 
on the nature of the test solution. 

In view of my observation on the effect of distilled water 
~>n marine bacteria attached to sand grains, it was of 
mterest to determine the influence of reduced salinity on 
attachment. Mixed cultures of marine and fresh-water 
bacteria were t~eref?re_ tested as described here. Experi
ments were run m triplicate. The test solutions used were 
100, 25, 5 and 0 per cent sea-water; these dilutions were 
obtained by diluting sea-water with de-ionized water. 

The results of these experiments (Fig. 1) show that 
marine bacteria remain attached only in high salinities, 
whereas the peak of attachment for fresh-water bacteri,i, 
occurs in 5 per cent sea-water. These results have been 
substantiated by others on pure strains of marine and 
fresh-water bacteria, including the fish pathogen Vibrio 
anJuillarum NCMB 829. 

Further experiments with marine bacteria have shown 
that sea-water can be replaced by solutions of sodium 
chloride of the_ same ionic strength as sea-water. If, 
however, a solu~10n of glycerol of the ~ame osmotic strength 
as . sea-water 1s used, many marme bacteria detach. 
This is not true of fresh-water bacteria. 

It seems, then, that marine- and fresh-water bacteria 
require different ionic environments before they will 
remain attached to surfaces. 

These results have implications for a number of fields 
of investigation. In rivers and estuaries, marine bacteria 
will only remain attached to solid structures when tidal 
flow produces water of high salinity; this would limit 
them to the mouth of estuaries. Similarly, fresh-water 
?acteria will only remain attached up-river, where salinity 
1s low. These a.re important ecological considerations; it 
has, for example, been suggested that organic substances 
adsorbed on surfaces a.re there in higher concentration 
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Fig. 1.. Inf\uence o~ salinity on the number of marine and fresh-water 
bacteria whwh ren:,am attached to glass slides. •, Marine bacteria; o 
fresh-water bacteria. The ordinate represents the percentage of those 
attached to the 5 per cent sea-water slide (fresh-water bacteria) or the 
percen.tage of those '!ttached to the 100 per cent sea-water slide (marine 
bacteria). The abscissa represents the salinity of the test solution ex
pressed as a percentage of undiluted sea-water. Each point is the mean 

of three values 

than in the body of the water mass, and hence are more 
readily available to bacteria as a food source•-6. 

The results described here are also of interest in relation 
to the development of fouling communities. It seems 
probable that bacteria are among the first organisms to 
attach to newly immersed surfaces in the sea7 ••. Fig. 1 
shows that they do not remain attached in low salinities. 
Und~r these conditions, _any film which developed would 
consist of fresh-water rmcro-organisms. Now it is known 
that the larvae of sedentary marine invertebrates, when 
the? _explore surfaces as a prelude to settlement, are 
sens1t1ve to the numbers and types of attached micro
organisms•. A c~".'nge in these numbers and types, 
caused by low sahmty water, would &!most certainly be 
?-etected by such larvae, and would in all probability 
~nduce the~y> settle elsewhere. This, and larval mortality 
1~ l_o:" sahmt10s10, are factors which may play a part in 
hm1tmg the spread of marine fouling communities into 
fresh-water. 

It is difficult to suggest reasons for the observations 
reported here, for not a great deal of information is avail
able on the way aquatic bacteria attach to surfaces or on 
any differences in the physical chemistry of the cell ;urface 
between mari1;-e- and fresh-water forms; however, a report 
of a corre~at1on between membrane stability and salt 
tolerance m Gram-negative bacteria. is of interestn. 
Certainly mortality does not appear to be a limiting 
factor12• These and related problems are at present under 
investigation. 

. I tha_nk Vera Collins and Dr. G.D. Floodgate for helpful 
d1scuss10n and the Royal Society for a grant for apparatus. 
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