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Persistence and survival under various environmental stresses has been attributed to the 
capacity of most bacteria to form biofilms. In aquatic environments, the symbiotic bacterium 
Vibrio fischeri survives variable abiotic conditions during its free-living stage that dictates its 
ability to colonize the squid host. In the present study, the influence of different abiotic factors 
such as salt concentration, temperature, static/dynamic conditions, and carbon source avai-
lability were tested to determine whether biofilm formation occurred in 26 symbiotic and free-
living V. fischeri strains. Statistical analysis indicate that most strains examined were strong 
biofilm producers under salinity concentrations that ranged between 1–5%, mesophilic 
temperatures (25–30 °C) and static conditions. Moreover, free-living strains are generally better 
biofilm formers than the symbiotically competent ones. Geographical location (strain origin) 
also correlated with biofilm formation. These findings provide evidence that abiotic growth 
conditions are important for determining whether mutualistic V. fischeri have the capacity to 
produce complex biofilms, allowing for increased competency and specificity during symbiosis. 

Keywords: Biofilm / Environment / Vibrio fischeri 

Received: October 25, 2010; accepted: February 01, 2011 

DOI 10.1002/jobm.201000426 

Introduction* 

Complex communities known as biofilms are increas-
ingly recognized as the predominant form of microbial 
biomass in the environment [1]. The formation of these 
dynamic bacterial populations involves attachment and 
synthesis of a matrix composed primarily of polysac-
charides [2] and is one important avenue for host colo-
nization that eventually leads to persistence, antibiotic 
resistance, and pathogenesis [3]. Various model systems 
studying bacterial communities have been used to in-
vestigate biofilm properties, such as those formed by 
Pseudomonas aeuruginosa [4] and Staphylococcus spp. [5]. 
Numerous traits, such as quorum sensing, motility, and 
exopolysaccharide synthesis have been shown to be 
essential for correct assembly and maintenance of the 
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biofilm architecture [6–8]. Although many of these 
characteristics occur in pathogenic Vibrio bacteria, little 
is known about benign or mutualistic species that have 
associations with eukaryotic hosts. 
 Vibrio fischeri is a bioluminescent bacterium that in-
fects the light organs of sepiolid squids and monocen-
trid fishes establishing mutualistic associations. Free-
living Vibrio bacteria colonize aposymbiotic juvenile 
squids within the first few hours after hatching, and 
upon colonization form a biofilm in the crypts of the 
light organ complex [9]. These bacteria produce biolu-
minescence that is used by the squid to avoid predation 
in a behavior known as counterillumination [9]. The 
mutualism is established when the host provides an 
appropriate niche for the bacteria to reproduce at 
much higher rates than in their free-living state [10]. 
Once colonized, symbiotic squids vent 90–95% of their 
bacteria from their light organ into the environment 
every morning to repopulate the surrounding bacterio-
plankton community [11]. During this cyclical period 
between symbiotic and free-living states, V. fischeri 
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forms a biolfilm-like aggregate outside the sites of in-
fection prior to colonization [9, 11]. The squid host 
secretes mucus which is suspended above the sites of 
colonization [12]. Gram negative bacteria aggregate in 
this mucus and, by an unknown mechanism, V. fischeri 
is able to outcompete other bacteria in order to estab-
lish the specific mutualism [12]. Although V. fischeri has 
not been considered a typical model for studying 
biofilm formation until recently, intercellular signaling 
or quorum sensing molecules linked to the sociomicro-
biology aspect of this particular bacterium make it an 
attractive organism to examine biofilm regulation. 
Additionally, recent discovery of hybrid sensor kinases 
and specific genes such as rpoN (encoding for the σ 54) 
[8], mannose-sensitive hemagglutinin (mshA), uridyl 
phosphate dehydrogenase (UDPH) [13], and the symbio-
sis polyssacharide cluster (syp) [14], have demonstrated 
the importance of biofilm formation with respect to the 
life history strategy of this marine bacterium prior and 
during symbiosis. V. fischeri cells that form biofilms 
exhibit a variety of physiological and molecular charac-
teristics when compared to those in their planktonic 
state [2]. As a result, the significance of biofilm produc-
tion has emerged to accommodate a wide variety of 
sophisticated regulatory procedures allowing survival 
and adaptation to extreme environmental changes (that 
is, between a squid light organ and the surrounding 
seawater). 
 Symbiotic V. fischeri thrive in many different aquatic 
environments depending upon which squid host it 
colonizes; for instance, the genus Eurymna is distributed 
in the Indo-west Pacific, whereas species in the genus 
Sepiola are mostly found in Mediterranean waters and 
along the western margin of the Pacific Ocean [15]. 
Moreover, some free-living species are symbiotically 
incompetent or unable to colonize the light organ, even 
though they are found in the same waters as light or-
gan containing sepiolids [16]. 
 Previous evidence has demonstrated that environ-
mental or abiotic factors influence both growth and 
physiology of Vibrio bacteria prior to their colonization 
in a squid light organ [11]. Additionally, significant 
genetic differences exist among V. fischeri strains from 
different geographical locations [10]. Therefore, in the 
present study, we determined whether biofilm forma-
tion between free-living and symbiotic V. fischeri strains 
differed under various environmental conditions (salin-
ity and temperature changes, static-dynamic condi-
tions, and atmosphere) in an effort to describe part of 
the strategy for V. fischeri survival in aquatic ecosys-
tems. 

Materials and methods 

Bacterial strains used in the study 
V. fischeri strains were isolated from seawater or live 
squid (Euprymna and Sepiola species; Nishiguchi, 2002) 
and are listed in Table 1. Isolated strains were stored as 
glycerol stocks (–80 °C) and re-grown for 24 h in Luria 
Bertani high salt (LBS; 10 g tryptone, 5 g yeast extract, 
20 g sodium chloride, 50 ml 1 M Tris pH 7.5, 3.75 ml 
80% glycerol and 950 ml distilled water) medium at 
28 °C with moderate shaking (224 rpm). All strains 
were subsequently sub-cultured again under the same 
conditions for use in each of the assays. Biofilm quanti-
fication under the various conditions of interest was 
completed as previously described [17], this quanti-
fication is achieved by using crystal violet to stain  
the biofilm and subsequently solubilizing it with 70%  
 
Table 1.  Vibrio fischeri strains used in this study. 

Strain Host Location 

WH1 Free-living USA (Woods Hole,  
Massachusetts) 

MDR7 Free-living USA (Marina del Rey, 
California) 

CB37 Free-living Australia (Coogee Bay,  
Sydney, NSW) 

ATCC7744 Free-living American Type Culture 
Collection 

BSM40  Free-living  France (Banyuls sur mer) 
BSM46 Free-living France (Banyuls sur mer) 
BSM50 Free-living France (Banyuls sur mer) 
PP3 Free-living USA (Kaneohe Bay, O’ahu, 

Hawaii) 
PP42 Free-living USA (Kaneohe Bay, O’ahu, 

Hawaii) 
VLS2 Free-living USA (Kaneohe Bay, O’ahu, 

Hawaii) 
SR5 Sepiola robusta France (Banyuls sur mer) 
SL518 Sepiola ligulata France (Banyuls sur mer) 
SA1G Sepiola affinis France (Banyuls sur mer) 
SI66 Sepiola intermedia Italy (Bari) 
SI1D Sepiola intermedia France (Banyuls sur mer) 
EM17 Euprymna morsei Japan (Tokyo Bay) 
ET101 Euprymna tasmanica Australia (Townsville, 

QLD) 
ETWW Euprymna tasmanica Australia (Woy Woy, 

NSW) 
ETBB20 Euprymna tasmanica Australia (Botany Bay,  

Sydney, NSW) 
ETSB1 Euprymna tasmanica Australia (Shark Bay, WA) 
EB12 Euprymna berryi Japan (Tosa Bay) 
ES114 Euprymna scolopes USA (Kaneohe Bay, O’ahu, 

Hawaii) 
ESP915 Euprymna scolopes USA (Paiko, O’ahu,  

Hawaii) 
ESL5 Euprymna scolopes USA (Kaneohe Bay, O’ahu, 

Hawaii) 
ESC9 Euprymna scolopes USA (Kaneohe Bay, O’ahu, 

Hawaii) 
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ethanol and measuring optical density, which is pro-
portional to the amount of biofilm formed. 

Biofilm formation assay 
Overnight cultures were washed twice with fresh LBS 
medium and diluted to a concentration of 1 × 108 Col-
ony Forming Units (CFU)/ml. Aliquots of each V. fischeri 
isolate were diluted to the same concentration (OD600) 
and were added to individual wells (5 wells/strain) lo-
cated on a sterile, flat-bottom, polystyrene 96-well mi-
crotitre plate (Corning 96 well plates, Sigma-Aldrich, 
CLS3628). Three wells were filled with uninoculated 
sterile LBS as a negative control. Microtiter plates were 
filled with 100 μl of the medium, covered loosely, and 
incubated for 24 h at 28 °C. Planktonic (those not form-
ing biofilm) bacteria were removed from each micro-
titer well by briskly shaking the microtitre plate. The 
emptied wells were then washed three times with 
200 μl of sterile LBS medium, and 125 μl solution of 
crystal violet (0.2% diluted in sterile water) was then 
added to each well and incubated for 30 minutes at 
room temperature (~22 °C) to stain cells adhered to 
each well. After incubation, crystal violet was removed 
by shaking the microtiter dish vigorously over a waste 
tray and washing the plate five times with distilled 
water and subsequently air-dried. In order to quantify 
the amount of biofilm, 200 μl of 95% ethanol was 
added to each stained well (including controls), and 
incubated for 20 min at room temperature in order to 
solubilize the dye. The contents of each well were 
mixed briefly and 125 μl of crystal violet/ethanol solu-
tion was transferred to a separate well in an optically 
clear flat-bottom 96-well plate. Optical density was 
measured at 562 nm using a plate reader (Bio-tek FL 
800). All samples were repeated in triplicate (3 plates) 
for a total of 15 replicates per isolate. 

Salinity, temperature, carbon source  
and static/dynamic conditions 
The effects of salinity, temperature, carbon source, and 
aerobic conditions were tested by growing cells under 
various sodium chloride concentrations, temperatures, 
carbon sources, or degrees of shaking. Vibrio isolates 
were grown overnight and sub-cultured the next morn-
ing as indicated previously. Washed cells were diluted 
to equal concentrations (1 × 108 CFU/ml) in modified 
LBS medium. For salinity measurements, we used so-
dium chloride concentrations ranging from 0% to 9%, 
where 1% corresponds to 10 parts per thousand (ppt) 
[11]. For temperature experiments, cultures were grown 
at 12, 15, 20, 25, 28, 30 and 32 °C in LBS medium at 
32 ppt sodium chloride (or 3.2% sodium chloride). Mini-

mal Ribose Medium (MRM) was also used as a growth 
medium for the above conditions, since it mimics the 
nutrient-poor composition of the seawater (composition 
per liter: NaCl 17.53 g, MgSO4 6.02 g, CaCl2 1.47 g, 
K2HPO4 0.0575 g, KCl 0.7455 g, NH4Cl 0.5349 g, Ribose 
3.0 g, FeSO4 ⋅7 H2O 0.00278 g, Tris-HCl 7.88 g) [11]. Iso-
lates were examined by growing cells in different dilu-
tions of MRM (1:2, 1 :4, 1 :8 and 1:16), using as a dilu-
ent a solution with all the components of the MRM 
except the carbon source (Ribose). Salinity measure-
ments of the different dilutions were calculated using a 
refractometer. 
 For static/dynamic conditions, microtiter plates were 
inoculated and measured after incubation of plates 
grown at different levels of agitation (0, 60, 120, 180 
and 240 rpm) at 28 °C for 24 h on microtitre plates 
prior to final measurement of biofilm formation. 

Data analysis and interpretation 
Two different analyses were used to examine the varia-
tion of biofilm production from all environmental con-
ditions. Strains were classified according to the amount 
of biofilm production as described in a previous study 
[18]: weak [Ac ≤ A ≤ (2 × Ac)], moderate [(2 × Ac) ≤ A ≤ (4 × 
Ac)] and strong biofilm producers [A > (4 × Ac)]. Ac repre-
sents the minimum absorbance for low biofilm produc-
tion, which is calculated as three standard deviations 
above A of the control. A two-way ANOVA statistical 
design was chosen for the analysis of difference be-
tween the average mean of free-living and symbiotic 
Euprymna and Sepiola strains. A randomized complete 
block design was executed by using the Statistical 
Analysis Software (SASR) version 5.1. 

Results 

V. fischeri is a luminous symbiotic bacterium that can 
also persist solely in the free-living form, flourishes in a 
wide variety of coastal estuarine and marine waters, 
and is found as part of microbial biofilms in the envi-
ronment [11, 13, 19]. Previous studies have focused on 
growth dynamics and effects of abiotic factors on these 
bacterial suspensions [4, 5, 11]; however, it is clear that 
biofilms constitute a distinct and predominantly struc-
turally complex growth phase that is crucial for shap-
ing the majority of aquatic bacterial communities. 
These biofilm communities are different from their 
planktonic state due to the physiological cooperation 
that dictates a high level of organization [20]. The pre-
sent study attempts to elucidate the role of such envi-
ronmental conditions on biofilm development of dif-
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ferent V. fischeri isolates with various life history strate-
gies. 
 Table 2 lists an overall view of the capacity to which 
all Vibrio strains examined aggregate and form biofilms. 
Most isolates were classified as weak to moderate 
biofilm formers at temperatures ranging from 12, 15, 
20, 25 and 30 °C, whereas strong biofilm production 
was observed at 25 and 28 °C, corresponding to the 
optimal temperatures found in waters from the Indo-
West Pacific Ocean (where the majority of Euprymna 
hosts are located) [15]. Strong biofilms were observed at 
low salinity concentrations (1–5%); conversely higher 
salinities (6–9%) resulted in significantly less biofilm 
for all isolates examined. 
 In this study, Sepiola strains were able to form 
biofilms at higher salinity ranges when compared with 
strains obtained from Euprymna (Fig. 1A). Previous work 
also reported the trends for planktonic strains under 
similar conditions [11]. An interesting finding was ob-
served with free-living V. fischeri strains (WH1, MDR7, 
CB37) that are symbiotically incompetent (cannot colo-
nize squids). Our results indicate that strains exhibit 
differences in biofilm formation when the salinity is 
modified, and free-living strains are generally better 

biofilm formers than symbiotic isolates at higher salini-
ties (p < 0.05). This provides partial evidence that stress 
adaptation (including high osmolarity) are dictating 
bacterial survival and aggregation, and these responses 
are partially driven by abiotic factors. 
 The effect of temperature on biofilm production 
(Fig. 1B) was not significantly different (p > 0.05) among 
symbiotic and free-living strains. Biofilm formation was 
observed in temperatures ranging between 12 °C to 
32 °C; temperatures outside of this range reduced bac-
terial viability by 95% (results not shown). Some V. fi-
scheri strains have been able to adapt and grow at 
higher (42 °C) and lower (8–10 °C) temperatures (un-
published data); however, biofilms were not observed 
for these extreme ranges. 
 Another survival challenge for many bacteria, includ-
ing V. fischeri, is the degree of dynamism/movement in 
the environment. These conditions can be related to the 
effect of water currents on community formation, since 
it is well known that ocean hydrodynamics differ 
among habitats. Table 2 indicates that the majority of 
the strains examined form strong biofilms under static 
conditions (0 Revolutions Per Minute or RPM) and mod-
erate shaking (60 RPM). Under different levels of dy-

 
Table 2.  Summary of biofilm formation of Vibrio fischeri under different environmental conditions. 

Condition Biofilm formation (n = 26) 

 Weak 
No. Strains 

OD + SD Moderate 
No. Strains 

OD + SD Strong 
No. Strains 

OD + SD 

  12 19* 0.39 ± 0.21   7 0.63 ± 0.09 – – 
  15 14 0.51 ± 0.15 12 0.79 ± 0.12 – – 
  20 – – 26 0.83 ± 0.25 – – 
  25 – –   5 1.10 ± 0.19 21* 1.69 ± 0.24 
  28 – – – – 26 1.97 ± 0.29 
  30 – – 26 0.78 ± 0.20 – – 

Temperature 
(°C) 

  32 26 0.19 ± 0.08 – – – – 
   1 – – – – 26 1.42 ± 0.44 
   2 – – – – 26 1.57 ± 0.48 
   3 – – – – 26 1.60 ± 0.53 
   4 – – – – 26 1.61 ± 0.60 
   5 – – 20* 1.13 ± 0.09   6 1.03 ± 0.38 
   6   4 0.42 ± 0.07 19* 0.95 ± 0.40   3 1.23 ± 0.06 
   7 26 0.41 ± 0.38 – – – – 
   8 26 0.03 ± 0.01 – – – – 

aNaCl 
(%)  

   9 26 0.01 ± 0.001 – – – – 
   0 – – – – 26 1.85 ± 0.39 
  60 – –   9 1.17 ± 0.12 17* 1.77 ± 0.46 
130   8 0.47 ± 0.29 10 1.20 ± 0.18   8 1.75 ± 0.32 

Agitation (rpm) 

240 19 0.32 ± 0.11   7 0.73 ± 0.15 – – 
Undiluted   3 0.37 ± 0.08 21* 0.84 ± 0.14   2 1.08 ± 0.07 
1:2 – – 17* 1.08 ± 0.11   9 1.73 ± 0.10 
1:4 26 0.34 ± 0.28 – – – – 
1:8 26 0.15 ± 0.06 – – – – 

MRM 
(Dilution factor) 

1:16 26 0.03 ± 0.01 – – – – 

a 1% = 10 parts per thousand  
* Significant difference within strains (p < 0.05) calculated using the Welsch step-up procedure. 
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Figure 1.  Influence of salinity (A: NaCl concentration, %, where 1% = 10 ppt), temperature (B; °C), carbon source availability (C; Minimal 
Ribose Media with various concentrations) and dynamic conditions (D; rpm) on biofilm formation when Vibrio fischeri isolates are divided 
between free-living and symbiotic strains. Data shown represents the mean optical density ± standard deviation (N = 3). 

 

namic conditions (up to 240 RPM, Fig. 1C), free-living 
isolates are the best biofilm formers. In a similar man-
ner, Euprymna isolates appear to form greater amounts 
of biofilm at the same dynamic conditions when com-
pared with Sepiola isolates (Fig. 1C). Finally, aquatic 
ecosystems differ in their carbon source availability, 
depending on whether it is in particulate or dissolved 
carbon form [30]. Carbon is limited in the ocean and is 
more abundant inside the host’s light organ; however, 
it is still unclear what preferred metabolic pathway 
vibrios utilize between their free-living and symbiotic 
stages [20]. Our study only examined biofilm formation 
using a nutrient marine medium with compounds that 
mimic nutrient poor conditions (Minimal Ribose Me-
dium or MRM) [11]. Results demonstrate a significant 
increase in biofilm formation when the carbon source 
(Ribose) in the MRM is diluted 1:2 (Fig. 1D). As observed 
in previous conditions, free-living isolates seem to be 
the best biofilm formers under oligotrophic environ-
ments. 

Discussion 

It has been shown that abiotic factors such as salinity 
and temperature are variable among the world’s oceans 
[www.nodc.noaa.gov] and different luminescent bacte-
ria, including V. fischeri, are able to survive, colonize 

different host squids, and adapt to such changing con-
ditions [11]. Moreover, microbial dispersal ability and 
changing water currents can influence bacterial bio-
geography, radiation, and evolution [21]. For example, 
the Mediterranean Sea, which has numerous species of 
Sepiola, has a narrower, yet higher range of salinity 
(37–40 ppt, or 3.7–4% sodium chloride) when com-
pared with the Indo-West Pacific, where Euprymna hosts 
are found in lower salinity ranges (30–35 ppt, or 3–
3.5% sodium chloride). V. fischeri found in either loca-
tion are classified as either host generalists (Mediterra-
nean) or host specialists (Indo-West Pacific) due to their 
association with either sympatric or allopatric host 
species [11]. 
 It can be observed in Fig. 1A that the maximum 
quantity of biofilm is formed at the same salinities  
(2–4% sodium chloride or 20–40 ppt) for every strain; 
however, our two-way analysis also indicates that there 
are differences in the quantity of biofilm that is formed 
under this range of salinity. These differences are re-
lated to life history of the strain examined. For exam-
ple, free-living strains produce more biofilm than ei-
ther of the symbiotic strains. Additionally, symbiotic 
strains adapted to high salinity (from Sepiola hosts) pro-
duce more biofilm than strains adapted to lower salin-
ity (Euprymna hosts). 
 Due to the capacity of biofilm formation under dif-
ferent salinity concentrations, mechanisms of osmo-
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adaptation (described in previous reports for free-living 
Vibrio parahaemolyticus) [22] may be regulated during the 
biofilm state for V. fischeri. The possibility remains that 
biofilm regulation is also driven by the squid host, 
since some conditions inside the squid’s light organ 
remain undescribed. 
 Temperature can be a major factor that affects the 
ability to produce extracellular polymeric substances 
[23], which are known to enhance adherence capability 
and biofilm formation in bacteria [24]. Greater quanti-
ties of biofilm were observed at 24 and 28 °C, which are 
optimal growth temperatures for Vibrio and close to the 
oceanic surface temperatures reported for both Medi-
terranean (Sepiola) and Indo-West Pacific Oceans (Eu-
prymna) [9]. Since squid hosts are described as “poiki-
lothermic” invertebrates (body temperature is equal to 
the temperature of its surroundings) [25], strain adapta-
tion to temperature can be attributed solely to envi-
ronment, and observations of no significant difference 
in quantity of biofilm between free-living and symbiotic 
strains supports this preface (according to our two way 
analysis). Alternatively, earlier studies have reported 
temperature effects for generation time of planktonic 
V. fischeri, indicating that the range of temperatures can 
affect the amount of biofilm produced based on growth 
of a particular strain [11]. In addition, our findings 
corroborate earlier data suggesting that temperature is 
an important factor that dictates specificity of two Vi-
brio species (V. fischeri and V. logei) within the same squid 
host [26]. Further experiments need to compare biofilm 
formation within colonized juvenile squids, to deter-
mine if indeed this is true after colonization. 
 The effect of ocean hydrodynamics can be related to 
the differences observed in the agitation assays. The 
strains tested can form biofilms on static conditions and 
under high degree of dynamism (Fig. 1C), with the gen-
eral tendency of free-living strains being the best biofilm 
formers. In some cases, dynamism can be related to oxy-
gen tension or oxygen availability; however, this study is 
not sufficient to describe the effect of oxygen tension on 
biofilm formation. This is an important factor that needs 
to be addressed primarily because the amount of oxygen 
that is available in the squid light organ is variable [27], 
and oxygen is an important factor for controlling biolu-
minescence through expression of the lux operon [28]. In 
addition, this operon is involved in quorum sensing be-
havior and colony aggregation or biofilm formation [29]. 
Future studies are needed to investigate subtle differ-
ences attributed to aerobic, microaerophilic, and anaero-
bic conditions in both free-living and symbiotic states. 
 Differences observed in various dilutions of MRM 
may be attributed to bacterial responses associated 

with coordinated alterations in patterns of gene expres-
sion of different metabolic networks that are necessary 
for efficient carbon utilization [31]. For example, the 
stringent response has been described as a transcrip-
tional program that mediates prokaryotic adaptation to 
starvation conditions [32]. Previous work demonstrated 
that the stringent response activates quorum sensing in 
Pseudomonas aeruginosa [33], a process that has been 
proven to control virulence and biofilm formation in 
Vibrio cholerae [28] and might be an underlying genetic 
switch that allows V. fischeri to survive and associate 
only when the medium is diluted 1:2 (Fig. 1D). 
 Results obtained from the present study show that 
environmental switches exert an important influence in 
biofilm formation, and although there is no difference in 
the patterns observed in Fig. 1, there is a distinction  
of biofilm quantity between free-living and symbiotic 
strains. It is unclear at this point if these different re-
sponses are a result of a specific genetic change that 
allows adaptation, or as a simple shift in bacterial physi-
ology related to development of a biofilm. 
 Microbial biofilms are the predominant form for sur-
vival of many species of bacteria in the environment, and 
are important for determining specificity and persistence 
in both pathogenic and mutualistic associations. The 
data presented here represent a quantitative analysis 
that provides a foundation for determining whether 
abiotic factors are important for biofilm formation at 
various life history stages of the bacterium. Additionally, 
this study examined how biofilm quantity differs signifi-
cantly depending upon the nature of the strain and the 
conditions during growth in vitro. These assays can then 
be extrapolated to variations that occur between envi-
ronmental or ecological niches; however, additional 
studies are needed in order to address the importance of 
conditions inside the squid’s crypts (branched epithelia 
found inside the squid’s light organ). By examining dif-
ferent environmental parameters, we can better under-
stand bacterial survival and aggregation between free-
living and symbiotic V. fischeri isolates to determine what 
drives specificity and environmental transmission in this 
mutualistic association. 
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