Different synthetic chemical dispersants elicit distinct bacterial community responses to crude oil
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Supplementary Information

1. Supplementary Methods
[image: A map of the arctic
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Supplementary Figure S1. Map of the Faroe-Shetland Channel (FSC) that runs between the Faroe and Shetland Isles to the north of Scotland, and showing the oil and gas fields that are in production or under development, as well as the exploration and appraisal wells in this region and to the east in the North Sea. The yellow star marks the sampling site. Figure is an adaptation from Thompson et al. (2020) [1].
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Supplementary Figure S2.  Location of the sampling area chl a concentrations (in mg/m3) in surface waters of the FSC at the respective sampling times A: December 2015; B: October 2017. These were available online from the MODIS Aqua data of NASA (sea surface on 8-day averages) as produced with the Giovanni online data system – developed and maintained by the NASA GES DISC. 


Supplementary Table S1. Treatments, their designated names and components. Sw, seawater; N, nutrients; O, crude oil; D, Superdispersant 25; Dsew, Slickgone-EW; Dsns, Slickgone-NS.


	Treatment No.
	Treatment name
	Treatment components

	Treatments used in the December (winter) 2015 study

	1
	Sw
	Seawater only

	2
	Sw+N
	Seawater and nutrients 

	3
	Sw+O
	Seawater and oil 

	4
	Sw+D
	Seawater and Superdisperant 25

	5
	Sw+O+D
	Seawater, oil and Superdisperant 25

	6
	Sw+O+D+N
	Seawater, oil, Superdisperant 25 and nutrients

	Treatments used in the October (fall) 2017 study

	1
	Sw
	Seawater only

	2
	Sw+N
	Seawater and nutrients 

	3
	Sw+O
	Seawater and oil

	4
	Sw+O+N
	Seawater, oil and nutrients 

	5
	Sw+Dsew
	Seawater and Slickgone-EW

	6
	Sw+Dsns
	Seawater and Slickgone-NS

	7
	Sw+Dsew+N
	Seawater, Slickgone-EW and nutrients 

	8
	Sw+Dsns+N
	Seawater, Slickgone-NS and nutrients 

	9
	Sw+O+Dsew
	Seawater, oil and Slickgone-EW 

	10
	Sw+O+Dsns
	Seawater, oil and Slickgone-NS 

	11
	Sw+O+Dsew+N
	Seawater, oil, Slickgone-EW and nutrients

	12
	Sw+O+Dsns+N
	Seawater, oil, Slickgone-NS and nutrients 



Note:  Sw+O+N was not included in the 2015 study.

Supplementary Table S2. Identity of aromatic hydrocarbons which were identified by GC-MS. 
	Hydrocarbon name
	Abbreviation

	2-methylnaphthalene
	2-MN

	1-methylnaphthalene
	1-MN

	triaromatic steroid-20
	TAS-20

	triaromatic steroid-21
	TAS-21

	triaromatic steroid-26-S
	TAS-26-S

	triaromatic steroid-26-R
	TAS-26-R

	triaromatic steroid-27-S
	TAS-27-S

	triaromatic steroid-27-R
	TAS-27-R

	triaromatic steroid-28-R
	TAS-28-R

	triaromatic steroid-29
	TAS-29

	Phenanthrene
	Phe

	1,3,7-trimethylnaphthalene
	1,3,7-TMN

	1,3,6-trimethylnaphthalene
	1,3,6-TMN

	(1,3,5+1,2,6)-tri-methylnaphthalene
	1,3,5+1,2,6-TMN

	2,3,6--trimethylnaphthalene
	2,3,6-TMN

	1,2,7-trimethylnaphthalene
	1,2,7-TMN

	1,2,4-trimethylnaphthalene
	1,2,4-TMN

	1,2,5-trimethylnaphthalene
	1,2,5-TMN

	Naphthalene
	Nap

	2-ethylnaphthalene
	2-EN

	1-ethylnaphthalene
	1-EN

	(2,6+2,7)-dimethylnaphthalene
	2,6+2,7-DMN

	(1,3+1,7)-dimethylnaphthalene
	1,3+1,7-DMN

	1,6-dimethylnaphthalene
	1,6-DMN

	(1,4+2,3)-dimethylnaphthalene
	1,4+2,3-DMN

	1,5-dimethylnaphthalene
	1,5-DMN

	1,2-dimethylnaphthalene
	1,2-DMN





[image: ]
Supplementary Figure S3.  Top 20 phyla with the highest coverage difference between primer sets. The mean coverage (%) per pair is indicated on the x-axis and the individual phyla are shown on the y-axis. 

Supplementary Table S3. Table showing the summaries of the classification methods (Naïve Bayes Classifier or Bayesian Lowest Common Ancestor) and denoising algorithms (Dada2 or Deblur)  per hypervariable region (V3-V4 or V4). To join the 2015 and 2017 studies and create a phylogenetic tree for downstream analysis we needed full 16S rRNA sequences, therefore ASVs which were not classified needed to be removed. Procrustes and Mantel tests were employed to assess what beta-diversity was lost. An R2 value of >0.8 indicates strong correlations which are in an acceptable range along with the corresponding p-values. Bayesian Lowest Common Ancestor classification and Deblur provided the best strategy for collation. 
 
	Classification and Denoising Method
	Region
	Procrustes test R2 value
	Procrustes 
p-value
	Mantel test R2 value
	Mantel p-value

	Naïve Bayes Classifier + Dada2
	V3-V4
	0.1798
	0.308
	0.2557079
	0.0001

	Naïve Bayes Classifier + Dada2
	V4
	0.5227
	0.001
	0.385567
	0.0001

	Naïve Bayes Classifier + Deblur
	V3-V4
	0.2237
	0.414
	0.09837368
	0.0495

	Naïve Bayes Classifier + Deblur
	V4
	0.6354
	0.001
	0.4799481
	0.0001

	Bayesian Lowest Common Ancestor + Dada2
	V3-V4
	0.5276
	0.001
	0.8772589
	0.0001

	Bayesian Lowest Common Ancestor + Dada2
	V4
	0.8741
	0.001
	0.9948328
	0.0001

	Bayesian Lowest Common Ancestor + Deblur
	V3-V4
	0.7097
	0.001
	0.998239
	0.0001

	Bayesian Lowest Common Ancestor + Deblur
	V4
	0.9144
	0.001
	0.994251
	0.0001





2. Supplementary Results

[image: ]
Supplementary Figure S4 (A) MDS formation in treatments amended with Superdispersant 25 in the absence of crude oil compared to (B) MDS that formed in treatments with Slickgone NS or (C) with Slickgone EW. (D) MOS aggregates that formed in the SW+O+N treatment with the dispersant Slickgone EW, or (E) with Slickgone NS. (F, G) Epifluorescence micrographs of MDS that formed in seawater treatments amended with Superdispersant 25 after staining with acridine orange. (H) Marine snow that formed in the SW+N treatments as observed under the epifluorescence microscope after staining with acridine orange showed very few associated prokaryotic cells (bright green dots) compared to (I) MOS formed in the SW+Oil+N treatments amended with Superdispersant 25 showing abundant associated prokaryotic cells. In panels F and G, large pale-green shapes are discs or "blobs" of dispersant. In panels F–I, small green dots are prokaryotic cells associated with either MDS or MOS. Bar, 10m.

[image: Map
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Supplementary Figure S5. MOS which formed in the SW+O+N treatments amended with the dispersant Superdispersant 25 after staining with (A) Coomassie brilliant blue G, or with (B) Alcian Blue shows the MOS particles composed of polysaccharide and protein. Bar, 50 µm. 





[image: ]
Supplementary Figure S6. Microbial beta diversity from samples across both sampling regimes and experiments. A) Principal Coordinates Analysis based on Unifrac dissimilarity with colour-coded circles representing the different treatment groups over time. B) The same ordination is constrained, showing the subset of ASVs which best correlated with the observed dissimilarity between samples as the full abundance table.


[image: ]Supplementary Figure S7.  Microbial diversity measures from the mesocosm experiments. Alpha-diversity measures (Pielou’s evenness and Fisher’s Alpha) from the 2015 (A) and 2017 (C) studies. The x-axis shows the treatment names and the y-axis shows the observed values. Beta-diversity of the microbial communities from the 2015 (B) and 2017 (D) studies using Bray-Curtis dissimilarity. Statistical analysis: in A) and C) pair-wise statistical analysis was carried out; * values indicates a significant difference with * = p < 0.05, ** = p < 0.01, and *** = p < 0.001. In B) and D) PERMANOVA (permutational multivariate ANOVA) was carried out using ‘Time’ [the sampling time-period] and ‘Treatment’ [the group condition].

[image: ]
Supplementary Figure S8. The core microbiome of genera found in 85% of samples from the treatments in the 2015 study (at > 0.01% relative abundance): A) seawater (Sw), B) seawater and crude oil (Sw+O), C) seawater and Superdispersant 25 (Sw+D), and D) seawater and oil and Superdispersant 25 (Sw+O+D). 

[image: ]
Supplementary Figure S9.  sPLS-DA heatmap of the discriminant amplicon sequence variants (ASVs) >1% relative abundance in the 2015 study. Rows and columns are ordered using hierarchical (average linkage) clustering to identify blocks of ASVs of interest. The heatmap depicts TSS + CLR (Total Sum Scaling followed by Centralised Log Ratio) normalised abundances: high abundance (orange/yellow) and low abundance (dark purple). Time-point (T0, T1, T2, T4 and T6) and Treatment (Sw, Sw+D, Sw+O, and Sw+O+D) are indicated in coloured groupings. sPLS-DA was fine-tuned using max.dist and 6 tuning components.




[image: ]
Supplementary Figure S10.  The core microbiome of genera found in 85% of individuals in the treatments of the 2017 study (at > 0.01% relative abundance): A) seawater (Sw), B) seawater and the dispersant Slickgone EW (Sw+Dsew), C) seawater and crude oil (Sw+O), and D) oil with Slickgone NS (Sw+O+Dsns). Note; Sw+Dsns (seawater and Slickgone NS) and Sw+O+Dsew (oil with Slickgone EW) are not presented as the core microbiome consisted solely of Alcanivorax under the criteria used. 

[image: ]
Supplementary Figure S11.  sPLS-DA heatmap of the discriminant amplicon sequence variants (ASVs) >1% relative abundance in the 2017 study. Rows and columns are ordered using hierarchical (average linkage) clustering to identify blocks of ASVs of interest. The heatmap depicts TSS + CLR (Total Sum Scaling followed by Centralised Log Ratio) normalised abundances: high abundance (orange/yellow) and low abundance (dark purple). Time-point (T2, T4 and T6) and Treatment (Sw, Sw+Dsew, Sw+Dsns, Sw+O, Sw+O+Dsew, and Sw+O+Dsns) are indicated in coloured groupings. sPLS-DA was fine-tuned using centroids.dist and 2 tuning components.
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Time: R2 0.065, p < 0.001
Treatment: R2 0.197, p < 0.001
Year: R2 0.05, p < 0.001










−0.2

0.0

0.2

−0.2 0.0 0.2

Dim1 (14.82%)

D

i

m

2

 

(

6

.

0

9

5

%

)

Type

Sw

Sw+D

Sw+Dse w

Sw+Dse w+N

Sw+Dsns

Sw+Dsns+N

Sw+N

Sw+O

Sw+O+D

Sw+O+D+N

Sw+O+Dse w

Sw+O+Dse w+N

Sw+O+Dsns

Sw+O+Dsns+N

Sw+O+N

Groups

2015

2017

T

axa_3

T

axa_6

− 2.0

− 1.5

− 1.0

− 0.5

0.0

− 0.4 0.0 0.4 0.8

Dim1 (21.16%)

D

i

m

2

 

(

9

.

1

8

3

%

)

Type

Sw

Sw+D

Sw+Dsew

Sw+Dsew+N

Sw+Dsns

Sw+Dsns+N

Sw+N

Sw+O

Sw+O+D

Sw+O+D+N

Sw+O+Dsew

Sw+O+Dsew+N

Sw+O+Dsns

Sw+O+Dsns+N

Sw+O+N

Groups

2015

2017

Taxa_3 

Alphaproteobacteria; 

Rhodobacterales; 

Rhodobacteraceae; 

Celeribacter; 

Celeribacterbaekdonensis

Taxa_6 

Alphaproteobacteria; 

Rhodobacterales; 

Rhodobacteraceae; 

Celeribacter

A)

Taxa_3

Taxa_6

0.0

0.4

0.8

−3 −2 −1 0

Dim1 (14.82%)

D

i

m

2

 

(

6

.

0

9

5

%

)

Type

Sw

Sw+D

Sw+Dse w

Sw+Dse w+N

Sw+Dsns

Sw+Dsns+N

Sw+N

Sw+O

Sw+O+D

Sw+O+D+N

Sw+O+Dse w

Sw+O+Dse w+N

Sw+O+Dsns

Sw+O+Dsns+N

Sw+O+N

Groups

2015

2017

Taxa_3

Taxa_6

T

axa_3

T

axa_6

− 2.0

− 1.5 − 1.0 − 0.5 0.0

− 0.4 0.0 0.4 0.8

Dim1 (21.16%)

D i m 2   ( 9 . 1 8 3 % ) Type Sw Sw+D Sw+Dse w Sw+Dse w+N Sw+Dsns Sw+Dsns+N Sw+N Sw+O Sw+O+D Sw+O+D+N Sw+O+Dse w Sw+O+Dse w+N Sw+O+Dsns Sw+O+Dsns+N Sw+O+N Groups

2015

2017

Symbol Legend

ColourLegend

B)

PERMANOVA: 

Taxa_3 + Taxa_6 = 0.73

PERMANOVA 

Time: R2 0.065, p < 0.001

Treatment: R2 0.197, p < 0.001

Year: R2 0.05, p < 0.001


image7.emf



−0.4



−0.2



0.0



0.2



−0.50 −0.25 0.00 0.25 0.50
Dim1 (32.42%)



D
im



2 
(1



9.
85



%
)



Groups
Sw
Sw+O
Sw+N
Sw+O+N
Sw+Dsns
Sw+O+Dsns
Sw+Dsns+N
Sw+O+Dsns+N
Sw+Dsew
Sw+O+Dsew
Sw+Dsew+N
Sw+O+Dsew+N



Type
T2
T4
T6



*
***



*
**



**
**



***
*



*



*
***



**
*



*
***



*
*



*
*



* *



Fisher alpha Pielou's evenness Richness Shannon Simpson



Sw
Sw



+O
Sw



+N
Sw



+O
+N



Sw
+D



sn
s



Sw
+O



+D
sn



s
Sw



+D
sn



s+
N



Sw
+O



+D
sn



s+
N



Sw
+D



se
w



Sw
+O



+D
se



w
Sw



+D
se



w+
N



Sw
+O



+D
se



w+
N Sw



Sw
+O



Sw
+N



Sw
+O



+N
Sw



+D
sn



s
Sw



+O
+D



sn
s



Sw
+D



sn
s+



N
Sw



+O
+D



sn
s+



N
Sw



+D
se



w
Sw



+O
+D



se
w



Sw
+D



se
w+



N
Sw



+O
+D



se
w+



N Sw
Sw



+O
Sw



+N
Sw



+O
+N



Sw
+D



sn
s



Sw
+O



+D
sn



s
Sw



+D
sn



s+
N



Sw
+O



+D
sn



s+
N



Sw
+D



se
w



Sw
+O



+D
se



w
Sw



+D
se



w+
N



Sw
+O



+D
se



w+
N Sw



Sw
+O



Sw
+N



Sw
+O



+N
Sw



+D
sn



s
Sw



+O
+D



sn
s



Sw
+D



sn
s+



N
Sw



+O
+D



sn
s+



N
Sw



+D
se



w
Sw



+O
+D



se
w



Sw
+D



se
w+



N
Sw



+O
+D



se
w+



N Sw
Sw



+O
Sw



+N
Sw



+O
+N



Sw
+D



sn
s



Sw
+O



+D
sn



s
Sw



+D
sn



s+
N



Sw
+O



+D
sn



s+
N



Sw
+D



se
w



Sw
+O



+D
se



w
Sw



+D
se



w+
N



Sw
+O



+D
se



w+
N



0.25



0.50



0.75



0



1



2



3



100



200



300



0.2



0.4



0.6



20



40



60



Ob
se



rve
d V



alu
es



Type
T2
T4
T6



**
*



*
**



*
* *



*
*
*



*



**
**



*
*



*



Fisher alpha Pielou's evenness ** Richness Shannon * Simpson **



Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D



Sw
+O



+D
+N Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D



Sw
+O



+D
+N Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D



Sw
+O



+D
+N Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D



Sw
+O



+D
+N Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D



Sw
+O



+D
+N



0.4



0.6



0.8



1.0



1.0



1.5



2.0



2.5



50



75



100



125



0.2



0.3



0.4



0.5



0.6



10



15



20



25



30



Ob
se



rv
ed



 V
alu



es Type
T0
T1
T2
T4
T6



−0.2



0.0



0.2



0.4



−0.4 −0.2 0.0 0.2 0.4
Dim1 (25.67%)



D
im



2 
(1



7.
47



%
)



Groups
Sw
Sw+N
Sw+O
Sw+D
Sw+O+D
Sw+O+D+N



Type
T0
T1
T2
T4
T6



Symbol LegendColour Legend



B)



PERMANOVA 
Time: R2 0.037, p = 0.256
Treatment: R2 0.160, p 0.625



A) Pielou’s 
Evenness



Fisher’s 
Alpha



0.2



0.3



0.4



0.5



0.6



50



75



100



125
Sw



Sw
+N



Sw
+O



Sw
+D



Sw
+O



+D
Sw



+O
+D



+N Sw
Sw



+N
Sw



+O
Sw



+D
Sw



+O
+D



Sw
+O



+D
+N



Legends A) and B) - 2015



-0.4 -0.2 0.0
Dim1 (25.67%)



0.2 0.4



-0.2D
im



2 
(1



7.
47



%
)



0.0



0.2



0.4



−0.2



0.0



0.2



0.4



−0.4 −0.2 0.0 0.2 0.4
Dim1 (25.67%)



D
im



2 
(1



7.
47



%
)



Groups
Sw
Sw+N
Sw+O
Sw+D
Sw+O+D
Sw+O+D+N



Type
T0
T1
T2
T4
T6



−0.2



0.0



0.2



0.4



−0.4 −0.2 0.0 0.2 0.4
Dim1 (25.67%)



D
im



2 
(1



7.
47



%
)



Groups
Sw
Sw+N
Sw+O
Sw+D
Sw+O+D
Sw+O+D+N



Type
T0
T1
T2
T4
T6



Symbol LegendColour Legend



D)



C) Pielou’s 
Evenness



Fisher’s 
Alpha



0.2



0.4



0.6



100



Sw



Sw
+N



Sw
+O



Legends C) and D) - 2017



-0.50 0.50-0.25
Dim1 (32.42%)



0.00 0.25



-0.4



D
im



2 
(1



9.
87



%
)



-0.2



0.0



0.2



O
bs



er
ve



d 
Va



lu
es



O
bs



er
ve



d 
Va



lu
es



200



300



Sw
+O



+N
Sw



+D
sn
s



Sw
+O



+D
sn
s



Sw
+D



sn
s+
N



Sw
+O



+D
sn
s+
N



Sw
+D



se
w



Sw
+O



+D
se
w



Sw
+D



se
w
+N



Sw
+O



+D
se
w
+N Sw



Sw
+N



Sw
+O



Sw
+O



+N
Sw



+D
sn
s



Sw
+O



+D
sn
s



Sw
+D



sn
s+
N



Sw
+O



+D
sn
s+
N



Sw
+D



se
w



Sw
+O



+D
se
w



Sw
+D



se
w
+N



Sw
+O



+D
se
w
+N



−0.4



−0.2



0.0



0.2



−0.50 −0.25 0.00 0.25 0.50
Dim1 (32.42%)



D
im



2 
(1



9.
85



%
)



Groups
Sw
Sw+O
Sw+N
Sw+O+N
Sw+Dsns
Sw+O+Dsns
Sw+Dsns+N
Sw+O+Dsns+N
Sw+Dsew
Sw+O+Dsew
Sw+Dsew+N
Sw+O+Dsew+N



Type
T2
T4
T6



−0.4



−0.2



0.0



0.2



−0.50 −0.25 0.00 0.25 0.50
Dim1 (32.42%)



D
im



2 
(1



9.
85



%
)



Groups
Sw
Sw+O
Sw+N
Sw+O+N
Sw+Dsns
Sw+O+Dsns
Sw+Dsns+N
Sw+O+Dsns+N
Sw+Dsew
Sw+O+Dsew
Sw+Dsew+N
Sw+O+Dsew+N



Type
T2
T4
T6



PERMANOVA 
Time: R2 0.123, p < 0.001
Treatment: R2 0.544, p < 0.001










− 0.4

− 0.2

0.0

0.2

−0.50 −0.25 0.00 0.25 0.50

Dim1 (32.42%)

D

i

m

2

 

(

1

9

.

8

5

%

)

Groups

Sw

Sw+O

Sw+N

Sw+O+N

Sw+Dsns

Sw+O+Dsns

Sw+Dsns+N

Sw+O+Dsns+N

Sw+Dse w

Sw+O+Dse w

Sw+Dse w+N

Sw+O+Dse w+N

Type

T2

T4

T6

*

***

*

**

**

**

***

*

*

*

***

**

*

*

***

*

*

*

*

* *

Fisher alpha Pielou's evenness Richness Shannon Simpson

S

w

S

w

+

O

S

w

+

N

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

S

w

S

w

+

O

S

w

+

N

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

S

w

S

w

+

O

S

w

+

N

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

S

w

S

w

+

O

S

w

+

N

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

S

w

S

w

+

O

S

w

+

N

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

0.25

0.50

0.75

0

1

2

3

100

200

300

0.2

0.4

0.6

20

40

60

O

b

s

e

r

v

e

d

 

V

a

l

u

e

s

T ype

T2

T4

T6

**

*

*

**

*

* *

*

*

*

*

**

**

*

*

*

Fisher alpha

Pielou's evenness ** Richness Shannon * Simpson **

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

0.4

0.6

0.8

1.0

1.0

1.5

2.0

2.5

50

75

100

125

0.2

0.3

0.4

0.5

0.6

10

15

20

25

30

O

b

s

e

r

v

e

d

 

V

a

l

u

e

s

T ype

T0

T1

T2

T4

T6

− 0.2

0.0

0.2

0.4

−

0.4 −0.2 0.0 0.2 0.4

Dim1 (25.67%)

D

i

m

2

 

(

1

7

.

4

7

%

)

Groups

Sw

Sw+N

Sw+O

Sw+D

Sw+O+D

Sw+O+D+N

Type

T0

T1

T2

T4

T6

Symbol Legend ColourLegend

B)

PERMANOVA 

Time: R2 0.037, p = 0.256

Treatment: R2 0.160, p 0.625

A)

Pielou’s 

Evenness

Fisher’s 

Alpha

0.2

0.3

0.4

0.5

0.6

50

75

100

125

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

D

S

w

+

O

+

D

S

w

+

O

+

D

+

N

Legends A) and B) -2015

-0.4

-0.2 0.0

Dim1 (25.67%)

0.2 0.4

-0.2

D

i

m

2

 

(

1

7

.

4

7

%

)

0.0

0.2

0.4

− 0.2

0.0

0.2

0.4

− 0.4 − 0.2 0.0 0.2 0.4

Dim1 (25.67%)

D

i

m

2

 

(

1

7

.

4

7

%

)

Groups

Sw

Sw+N

Sw+O

Sw+D

Sw+O+D

Sw+O+D+N

Type

T0

T1

T2

T4

T6

− 0.2

0.0

0.2 0.4

− 0.4 − 0.2 0.0 0.2 0.4

Dim1 (25.67%)

D

i

m

2   ( 1 7 . 4 7 % ) Groups Sw Sw+N Sw+O Sw+D Sw+O+D Sw+O+D+N Type

T0

T1

T2

T4

T6

Symbol Legend ColourLegend

D)

C)

Pielou’s 

Evenness

Fisher’s 

Alpha

0.2

0.4

0.6

100

S

w

S

w

+

N

S

w

+

O

Legends C) and D) -2017

-0.50 0.50 -0.25

Dim1 (32.42%)

0.00 0.25

-0.4

D

i

m

2

 

(

1

9

.

8

7

%

)

-0.2

0.0

0.2

O

b

s

e

r

v

e

d

 

V

a

l

u

e

s

O

b

s

e

r

v

e

d

 

V

a

l

u

e

s

200

300

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

S

w

S

w

+

N

S

w

+

O

S

w

+

O

+

N

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

n

s

+

N

S

w

+

O

+

D

s

n

s

+

N

S

w

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

+

N

S

w

+

O

+

D

s

e

w

+

N

− 0.4

− 0.2

0.0

0.2

− 0.50 − 0.25 0.00 0.25 0.50

Dim1 (32.42%)

D

i

m

2

 

(

1

9

.

8

5

%

)

Groups

Sw

Sw+O

Sw+N

Sw+O+N

Sw+Dsns

Sw+O+Dsns

Sw+Dsns+N

Sw+O+Dsns+N

Sw+Dsew

Sw+O+Dsew

Sw+Dsew+N

Sw+O+Dsew+N

Type

T2

T4

T6

− 0.4

− 0.2 0.0 0.2

− 0.50 − 0.25 0.00 0.25 0.50

Dim1 (32.42%)

D i m 2   ( 1 9 . 8 5 % ) Groups Sw Sw+O Sw+N Sw+O+N Sw+Dsns Sw+O+Dsns Sw+Dsns+N Sw+O+Dsns+N Sw+Dse w Sw+O+Dse w Sw+Dse w+N Sw+O+Dse w+N Type

T2

T4

T6

PERMANOVA 

Time: R2 0.123, p < 0.001

Treatment: R2 0.544, p < 0.001


image8.emf

image9.emf



137−Pl2
109−Pl2
114−Pl2
102−Pl2
121−Pl2
127−Pl2
134−Pl2
110−Pl2
115−Pl2
104−Pl2
139−Pl2
129−Pl2
98−Pl2
123−Pl2
100−Pl2
125−Pl2
99−Pl2
105−Pl2
140−Pl2
141−Pl2
124−Pl2
111−Pl2
135−Pl2
116−Pl2
130−Pl2
117−Pl2
112−Pl2
136−Pl2
131−Pl2
106−Pl2
189−Pl2
190−Pl2



Taxa_4
Taxa_11
Taxa_12
Taxa_19
Taxa_16
Taxa_336
Taxa_79
Taxa_77
Taxa_78
Taxa_545
Taxa_261
Taxa_126
Taxa_259
Taxa_17
Taxa_302
Taxa_5
Taxa_9
Taxa_125
Taxa_305
Taxa_129
Taxa_90
Taxa_264
Taxa_127
Taxa_141
Taxa_87
Taxa_80
Taxa_81
Taxa_82
Taxa_83
Taxa_84
Taxa_342
Taxa_128
Taxa_466
Taxa_803
Taxa_304
Taxa_225
Taxa_263
Taxa_847
Taxa_260
Taxa_21
Taxa_23
Taxa_544
Taxa_303
Taxa_574
Taxa_204
Taxa_345
Taxa_399
Taxa_392
Taxa_389
Taxa_226
Taxa_390
Taxa_573
Taxa_572
Taxa_18
Taxa_20
Taxa_707
Taxa_464
Taxa_15
Taxa_14
Taxa_7
Taxa_13
Taxa_8
Taxa_10
Taxa_1
Taxa_6
Taxa_3
Taxa_2



Treatment_Year
Year
Time Time



T0
T1
T2
T4
T6



Year
2015



Treatment_Year
Sw_2015
Sw+D
Sw+O_2015
Sw+O+D



−2



0



2



4



6



8



SwSw Sw Sw Sw Sw
Sw



+D
Sw



+D
Sw



+D
Sw



+D
Sw



+D
Sw



+D
Sw



+D
Sw



+D
Sw



+O
+D



Sw
+O



+D
Sw



+O
Sw



+O
Sw



+O
Sw



+O
+D



Sw
+O



Sw
+O



Sw
+O



Sw
+O



Sw
+O



Sw
+O



+D
Sw



+O
+D



Sw
+O



+D
Sw



+O
+D



Sw
+O



+D Sw Sw



Pseudoalteromonas
Pseudoalteromonas



Thalassospira



Cycloclasticus



Alteromonas



Sulfitobacter



Celeribacter
Celeribacter



Halomonas



Aliiroseovarius



Rhodobacteraceae



Hyphomonadaceae
Hyphomonas



Celeribacter



Alteromonas



Vibrio
Vibrio



Eudoraea
Micavibrionaceae



Mesonia



Oceanicaulis



Mesonia



Paraglaciecola
Paraglaciecola



Paraglaciecola



Flavobacteriaceae
Croceibacter
Erythrobacter
Erythrobacter
Polaribacter



Maribacter



Mycobacterium



Pseudomonas



Phaeobacter



Shimia



Sulfitobacter



Actibacterium



Rothia



Endozoicomonas



Sulfitobacter



Acinetobacter



Cobetia



Alcanivorax



Sedimentitalea



Saccharospirillaceae



Sulfitobacter



Oleibacter



Formosa



Dokdonia



Psychrobacter



Shewanella



Glaciecola



Microtrichaceae



Alcanivorax



Vibrio



Halomonas
SAR324_clade(Marine_group_B)



Neptuniibacter



Colwellia



Thalassolituus oleivorans



Marinobacter sp.



Paracoccus_sp.
Halomonas sp.



Marinobacterium



Magnetospira



Pseudoalteromonas



Psychrobacter



137−Pl2
109−Pl2
114−Pl2
102−Pl2
121−Pl2
127−Pl2
134−Pl2
110−Pl2
115−Pl2
104−Pl2
139−Pl2
129−Pl2
98−Pl2
123−Pl2
100−Pl2
125−Pl2
99−Pl2
105−Pl2
140−Pl2
141−Pl2
124−Pl2
111−Pl2
135−Pl2
116−Pl2
130−Pl2
117−Pl2
112−Pl2
136−Pl2
131−Pl2
106−Pl2
189−Pl2
190−Pl2



Taxa_4
Taxa_11
Taxa_12
Taxa_19
Taxa_16
Taxa_336
Taxa_79
Taxa_77
Taxa_78
Taxa_545
Taxa_261
Taxa_126
Taxa_259
Taxa_17
Taxa_302
Taxa_5
Taxa_9
Taxa_125
Taxa_305
Taxa_129
Taxa_90
Taxa_264
Taxa_127
Taxa_141
Taxa_87
Taxa_80
Taxa_81
Taxa_82
Taxa_83
Taxa_84
Taxa_342
Taxa_128
Taxa_466
Taxa_803
Taxa_304
Taxa_225
Taxa_263
Taxa_847
Taxa_260
Taxa_21
Taxa_23
Taxa_544
Taxa_303
Taxa_574
Taxa_204
Taxa_345
Taxa_399
Taxa_392
Taxa_389
Taxa_226
Taxa_390
Taxa_573
Taxa_572
Taxa_18
Taxa_20
Taxa_707
Taxa_464
Taxa_15
Taxa_14
Taxa_7
Taxa_13
Taxa_8
Taxa_10
Taxa_1
Taxa_6
Taxa_3
Taxa_2



Treatment_Year
Year
Time Time



T0
T1
T2
T4
T6



Year
2015



Treatment_Year
Sw_2015
Sw+D
Sw+O_2015
Sw+O+D



−2



0



2



4



6



8



Time
Treatment











image10.emf

image11.emf



Sw



Sw
+O



+D
sn
s



Sw
+D



se
w



Sw
+D



sn
s



Sw



Sw
+D



sn
s



Sw
+O



+D
se
w Sw



Sw
+O



+D
sn
s



Sw
+O



+D
sn
s



Sw
+O



Sw
+O



Sw
+O



Sw
+D



se
w Sw



Sw
+O



+D
se
w



Sw
+D



sn
s



Sw
+O



+D
sn
s



Sw
+D



se
w



Sw
+O



Sw
+O



Sw
+D



sn
s



Sw
+D



sn
s



Sw
+D



sn
s



Sw
+O



+D
se
w



Sw
+D



se
w



Sw
+O



Sw
+O



+D
se
w



Sw
+O



+D
se
w



Sw
+D



se
w



Sw
+O



+D
sn
s



Sw Sw



Hyphomonas



Alcanivorax



Oleispira



Methyloligellaceae



Mesonia



Saprospiraceae



Legionella



Arenicellaceae



Vibrio



Coxiella



Phycisphaeraceae



Marinobacter



Limnobacter



Streptococcus



Nisaea



Psychrobacter



Amylibacter



Zunongwangia



Pseudoalteromonas



Cyclobacteriaceae



Magnetospiraceae



Terasakiellaceae



Pseudophaeobacter



Puniceispirillales



Robiginitomaculum



Geobacillus



Sphingomonadaceae



Shewanella



Methylobacterium



Bacteriovoraceae



Lewinella



Puniceispirllales



Methylophilaceae



Rhodobacteraceae



Colwellia



Colwellia



Sulfibacter



Sulfibacter



Rhodobacteriaceae



Pseudohogiella



Polaribacter



Maribacter



Acinetobacter



Flavobacteriaceae



Shewanella



Sulfibacter



Sphingomonas



Sneathiella



Oleibacter
Dokdonia



Alteromonas
Sulfibacter



Tenacibaculum



Glaciecola



Psychrobacter



Halomonas



Idiomarina



Aquibacter



Arenicellaceae



Gammaproteobacteria; HOC36
Parvibaculales



Maribacter



Neptuniibacter



Zhongshania



Jejudonia



Hyphomonas
Sphingorhabdus



Arcobacteraceae
Sphingomonodaceae



Erythrobacter



Gammaproteobacteria; SAR86 clade



Porticoccaceae



Pseudohongiella



Bdellovibrionaceae



Poricoccus



Alphaproteobacteria; SAR11 clade
Alphaproteobacteria; SAR11 clade



Streptococcaceae



Planktomarina



Marinomonas



Gammaproteobacteria; SAR86 clade



Bdellovibrionaceae



Parvibaculales



Gammaproteobacteria



Alphaproteobacteria



Alphaproteobacteria; SAR11 clade



Time
Treatment










S

w

S

w

+

O

+

D

s

n

s

S

w

+

D

s

e

w

S

w

+

D

s

n

s

S

w

S

w

+

D

s

n

s

S

w

+

O

+

D

s

e

w

S

w

S

w

+

O

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

O

S

w

+

O

S

w

+

O

S

w

+

D

s

e

w

S

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

n

s

S

w

+

O

+

D

s

n

s

S

w

+

D

s

e

w

S

w

+

O

S

w

+

O

S

w

+

D

s

n

s

S

w

+

D

s

n

s

S

w

+

D

s

n

s

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

S

w

+

O

S

w

+

O

+

D

s

e

w

S

w

+

O

+

D

s

e

w

S

w

+

D

s

e

w

S

w

+

O

+

D

s

n

s

S

w

S

w

Hyphomonas

Alcanivorax

Oleispira

Methyloligellaceae

Mesonia

Saprospiraceae

Legionella

Arenicellaceae

Vibrio

Coxiella

Phycisphaeraceae

Marinobacter

Limnobacter

Streptococcus

Nisaea

Psychrobacter

Amylibacter

Zunongwangia

Pseudoalteromonas

Cyclobacteriaceae

Magnetospiraceae

Terasakiellaceae

Pseudophaeobacter

Puniceispirillales

Robiginitomaculum

Geobacillus

Sphingomonadaceae

Shewanella

Methylobacterium

Bacteriovoraceae

Lewinella

Puniceispirllales

Methylophilaceae

Rhodobacteraceae

Colwellia

Colwellia

Sulfibacter

Sulfibacter

Rhodobacteriaceae

Pseudohogiella

Polaribacter

Maribacter

Acinetobacter

Flavobacteriaceae

Shewanella

Sulfibacter

Sphingomonas

Sneathiella

Oleibacter

Dokdonia

Alteromonas

Sulfibacter

Tenacibaculum

Glaciecola

Psychrobacter

Halomonas

Idiomarina

Aquibacter

Arenicellaceae

Gammaproteobacteria;HOC36

Parvibaculales

Maribacter

Neptuniibacter

Zhongshania

Jejudonia

Hyphomonas

Sphingorhabdus

Arcobacteraceae

Sphingomonodaceae

Erythrobacter

Gammaproteobacteria;SAR86 clade

Porticoccaceae

Pseudohongiella

Bdellovibrionaceae

Poricoccus

Alphaproteobacteria;SAR11 clade

Alphaproteobacteria;SAR11 clade

Streptococcaceae

Planktomarina

Marinomonas

Gammaproteobacteria;SAR86 clade

Bdellovibrionaceae

Parvibaculales

Gammaproteobacteria

Alphaproteobacteria

Alphaproteobacteria;SAR11 clade

Time

Treatment


image1.png
Water Depths and Exploration Activity

Map Key ’ Exploration / appraisal wells

<50m 1 500-999m Oil and gas fields in

— _ production/ under
>1-300m . 1000-1499m development

* Study Sampling Site





image2.png
Chlorophyll Concentration ( mg/m®)





image3.emf

