
	
  
	
  

In the same way the presence of Inipol EAP 22 induced changes
in bacterial community structure. These changes were generally
observed with some exceptions. The exceptions occurred after
three weeks at all temperatures when the Inipol EAP 22 was
combined to diesel oil (also after one week at 25 !C) and after 12
weeks at 4 !C when it was combined to crude oil. The changes
generally induced were shown by clusters containing either Inipol

EAP 22 related profiles (Fig. 4, cluster 4 for samples incubated at
25 !C; clusters 3 and 6 for those incubated at 10 !C; and clusters 3
and 6 for those samples kept a 4 !C) or oil related profiles (Fig. 4,
cluster 3 for incubations at 25 !C; clusters 1 and 2 for incubations at
10 !C; and clusters 5 and 7 for those samples that were incubated at
4 !C) separately.

On the other hand, the comparative analysis of 16S rRNA-based
CE-SSCP fingerprints showed Inipol EAP 22 to mainly determine
the differences in active bacterial structure, showing the dendro-
gram either clusters containing Inipol EAP 22-related profiles
(Fig. 5, clusters 2 and 4) or controls and oil-amended profiles (Fig. 5,
clusters 1 and 3).

The influence of temperature on active bacterial community
structure was only visible in the presence of Inipol EAP 22 since
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Fig. 3. C17/pristane (A), C18/phytane (B) and C12–C20/C21–C32 (C) ratios obtained
after 12 weeks of incubation for the indicated conditions at all temperatures.
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Fig. 4. CE-SSCP dendrogram based on Bray–Curtis distances between 16S rDNA-based
profiles obtained from the different tested conditions. The initial community (To); non-
amended controls (squares); samples amended with crude oil (circles) or crude oil
with Inipol EAP 22 (inverted triangles) and samples amended with diesel oil (rhombs)
or diesel oil with Inipol EAP 22 (triangles) are shown for incubation temperatures of 4
(white colour), 10 (grey) and 25 !C (black).
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samples incubated at 25 !C clustered separately (Fig. 5, cluster 4)
from other temperatures (Fig. 5, cluster 2). In absence of the
fertilizer active bacterial communities incubated at different
temperatures presented similar structure (Fig. 5, cluster 3).

Oil-addition generally induced no important changes in active
bacterial structure compared to non-amended controls (Fig. 5,
cluster 3) except at 25 !C during the first three weeks, where
controls clustered separately (Fig. 5, clusters 1 and 2). However the
addition of Inipol EAP 22 induced clear structure changes compared
to simple oil addition at all temperatures (Fig. 5, clusters 2 and 4).

3.5. Dynamics of diversity for total (16S rDNA) and active
(16S rRNA) bacterial communities by means of Simpson’s index

Simpson’s diversity index of total bacteriawas initially increased
in non-amended controls at all temperatures (by 10–19% towards

initial values during the first three weeks), decreasing to values
6–28% lower than initial values after twelve weeks (Fig. 6A).
Diversity index of active bacteria was increased also after twelve
incubation weeks reaching levels 17–31% higher than the initial
values (Fig. 6A).

Dynamics of total bacterial diversity changed after addition
diesel oil (Fig. 6B). During the first three weeks of incubation
diversity was reduced towards initial values (from 13 to 18%
depending on temperatures Fig. 6B) to be finally increased after
twelve weeks (by 18–16% excepting at 4 !C where it remained
almost unchanged). Active bacterial diversity experienced no
important changes after diesel oil addition, being increased along
the 12 weeks of incubation (at 4 !C decreased occasionally after
three weeks of incubation, Fig. 6B).

A concomitant addition of Inipol EAP 22 with diesel oil induced
a reduction of total bacterial diversity also after 12 weeks (from the
third week at 4 !C) reaching values 18–48% lower than the initial
values (Fig. 6C). Trends in active bacterial diversity changed initially
at 25 !C (where diversity index was reduced by 23%) and latterly at
all temperatures where diversity approached initial levels (Fig. 6C).

Crude oil addition caused reduction of total bacterial diversity at
all temperatures (after the first week at 10 and 4 !C) to reach values
17–42% lower than the initial values (Fig. 6D). There were no
important changes on active bacterial diversity after crude oil
addition as it has been observed previously for diesel oil as it was
increased along the incubation time at all temperatures (Fig. 6D).

The addition of Inipol EAP 22 together with crude oil reduced
total bacterial diversity as it has been observed Inipol EAP 22 with
diesel oil, excepting at 25 !C (where an augmentationwas observed
from the third week, Fig. 6E). Active bacterial diversity augmented
at 25 and 10 !C reaching values 6 and 12% higher, respectively, after
12 weeks while it decreased at 4 !C (diversity was 24% lower after
12 weeks than initial values, Fig. 6E).

4. Discussion

The present study reports the influence of temperature and
fertilization on oil degradation by microbial communities. These
communities originated from coastal seawater of the Northwestern
Mediterranean Sea, characterized by an average temperature of
16.67 !C between years 1997 and 2008 (‘‘Service d’Observation en
Milieu Littoral, INSU-CNRS, Banyuls’’), ranging from 9.90 !C (25th of
January, 2000) to 26.13 !C (31st of July, 2006). Nutrients were
present in low concentrations at SOLA station, nitrate and phos-
phate showing concentrations of 0.11 mmol L"1 and 0.02 mmol L"1 ,
respectively.

4.1. Microbial growth and hydrocarbon degradation

The effect of temperature and fertilization on microbial growth
was studied for whole-assemblages and for microbes capable of
hydrocarbon degradation activity. An increase of total microbial
numbers (up to two orders of magnitude) was observed in the
presence of the Inipol EAP 22 fertilizer at all temperatures
compared to the simple addition of oil. However, a more important
increase was observed regarding hydrocarbon-degrading bacteria
(up to four orders of magnitude, Fig. 1). This more marked effect is
observed for hydrocarbon-degrading microbes and suggests Inipol
EAP 22 is promoting, not specifically but to a higher degree,
microbes capable to metabolize oil.

Temperature variation induced no systematic differences in
both total and hydrocarbon-degrading microbial counts within the
tested conditions whereas organic fertilization by Inipol EAP 22
induced important differences (Fig. 1). Even values out of the
temperature range found in SOLA station and exceptional in the
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Fig. 5. CE-SSCP dendrogram based on Bray–Curtis distances between 16S rRNA-based
profiles obtained from the different tested conditions. The initial community (To); non-
amended controls (squares); samples amended with crude oil (circles) or crude oil
with Inipol EAP 22 (inverted triangles) and samples amended with diesel oil (rhombs)
or diesel oil with Inipol EAP 22 (triangles) are shown for incubation temperatures of 4
(white colour), 10 (grey) and 25 !C (black).
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