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Table S1. Raw data of duplicate TA and DIC measurements and the effect on calculated carbonate parameters (pHT, pCO2, ΩC and ΩA)*. Samples are labeled by location, duplicate number and date (2015).

	
	TA
μ mol kg-1
	DIC
μ mol kg-1
	pHT
	pCO2
μatm
	ΩC
	ΩA

	Intertidal 1 (23 Mar)
	2280.7
	2084.7
	8.04
	428.91
	3.40
	2.18

	Duplicate 1 (23 Mar)
	2288.9
	2083.2
	8.04
	408.24
	3.55
	2.27

	Subtidal 2 (4 May)
	2287.7
	2087.7
	8.06
	375.03
	3.42
	2.18

	Duplicate 2 (4 May)
	2286.1
	2088.3
	8.06
	379.37
	3.39
	2.16

	Intertidal 3 (4 Aug)
	2284.5
	2067.8
	8.16
	287.44
	3.66
	2.31

	Duplicate 3 (4 Aug)
	2281.6
	2068.3
	8.16
	292.35
	3.60
	2.28


* In situ measurements of pH on the total scale, pCO2 (partial pressure CO2), TA (total alkalinity), DIC (dissolved inorganic carbon) ΩC (calcite saturation state) and ΩA(aragonite saturation state).





























Table S2. Average (±SE) seawater chemistry measurements of biofilm development treatments for period 1 (P1) from May–June 2015 and period 2 (P2) from August–October 2015. Three water samples were taken over each time period, n=3. Temperature, salinity, TA and DIC were measured. pHNIST, pCO2, ΩCa and ΩAr were calculated for in situ temperatures (°C). 

	Treatment (Target pHNIST)
	Temperature
(C)
	Salinity
(ppt)
	pHNIST
	pCO2
μatm
	TA
μmol kg-1
	DIC
μmol kg-1
	ΩCa
	ΩAr

	Ambient (P1)
	10.0 
(1.3)
	33.4 
(0.8)
	8.13 (0.01)
	413.30 (10.21)
	2214.2 (43.8)
	2052.1 (33.6)
	2.86 (0.18)
	1.81 (0.12)

	Ambient (P2)
	10.2 
(1.2)
	33.5 
(0.2)
	8.20 (0.05)
	354.58 (43.51)
	2267.9 (10.5)
	2068.77 (23.3)
	3.42 (0.24)
	2.17 (0.15)

	7.8 pH (P1)
	10.0 
(1.3)
	34.3 
(0.7)
	7.81 (0.17)
	1036.38 (307.35)
	2214.5 (43.5)
	2184.5 (31.6)
	1.83 (0.84)
	1.17 (0.54)

	7.8 pH (P2)
	10.2 
(1.2)
	33.9 
(0.2)
	7.73 (0.05)
	1180.51 (171.28)
	2271.5 (9.6)
	2241.4 (19.8)
	1.29 (0.08)
	0.82 (0.05)

	7.4 pH (P1)
	10.0 
(1.3)
	34.3 
(0.7)
	7.43 (0.03)
	2317.26 (162.33)
	2239.6 (30.7)
	2299.2 (38.6)
	0.66 (0.03)
	0.42 (0.02)

	7.4 pH (P2)
	10.2 
(1.2)
	33.6 
(0.2)
	7.40 (0.04)
	2612.17 (324.26)
	2274.7 (8.7)
	2349.1 (18.9)
	0.62 (0.03)
	0.39 (0.02)


* In situ measurements of pH on the NBS scale, pCO2 (partial pressure CO2), TA (total alkalinity), DIC (dissolved inorganic carbon) ΩCa (calcite saturation state) and ΩAr (aragonite saturation state.






























Table S3. ANOSIM results for Figure 2.
	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	pH
	2
	247182
	123591
	5.883
	0.02

	Biofilm_Age_days
	1
	82226
	82226
	3.914
	0.08

	pH:Biofilm_Age_days
	2
	8228
	4114
	0.196
	0.83

	Residuals
	10
	210094
	21009
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Figure S1. Non-metric multidimensional scaling (NMDS) plot comparing microbial community changes across age and pH treatment. (see Table S2 for ANOSIM results).
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Figure S2. Stress plot for Figure S3 (microbial data by age and pH).
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Figure S3. Stress plot for micro data by pH day 27 only (Fig3a).
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Figure S4. Cluster dendrogram with AU/BP values (%) 90% confidence boxes suggest 2 clusters (Fig 3a) with pH 7.4 biofilms significantly different from all others, and ambient (pH 8.13) biofilms clustering separately from pH 7.8 ones.
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Figure S5. ANOSIM results for microbial community changes against pH.
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Figure S6. Summary (at Phylum and Class level) of significantly affected OTUs identified by Spearmans correlations (p < 0.5).
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Figure S7. Summary (Genus level) of the top 20 most abundant OTUs identified as significantly affected (by Spearmans correlations (p < 0.5)) by pH. Plotted OTUs represent 86% of sequences associated with affected OTUs.
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Figure S8. Schematic illustration of tank flow through and settlement assay experimental design. 
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[bookmark: _GoBack]Figure S9. Record of flow-through system treatment pHs at Portobello Marine Labortatory, Otago Harbour, New Zealand. Dates (2015) and the recorded pHNIST readings for the pHNIST 7.8 and pHNIST 7.4 header tanks.

image7.emf
Relative abundance

100%-+

75%-+

50%:-

25%-+

0%-+

7.4 7.8  Ambient
pH

Class

. Acidimicrobiia . Flavobacteriia
. Alphaproteobacteria . Gammaproteobacteria
. ARKICE-90 Gemmatimonadetes
. Bacilli . Lentisphaeria
| BD2-2 B om190

BD7-11 | Opitutae
. Betaproteobacteria . Phycisphaerae
. Chlamydiae Sphingobacteriia
I Chioroplast | SPOTSOCT00mS3

Clostridia . Subgroup 22
. Cyanobacteria vadinHA49
. Cytophagia . VC2.1 Bac22
. Deltaproteobacteria Verrucomicrobiae
. Elev-16S-509 . Zetaproteobacteria

Epsilonproteobacteria









0%

25%

50%

75%

100%

7.4 7.8 Ambient

pH

R

e

l

a

t

i

v

e

 

a

b

u

n

d

a

n

c

e

Class

Acidimicrobiia

Alphaproteobacteria

ARKICE−90

Bacilli

BD2−2

BD7−11

Betaproteobacteria

Chlamydiae

Chloroplast

Clostridia

Cyanobacteria

Cytophagia

Deltaproteobacteria

Elev−16S−509

Epsilonproteobacteria

Flavobacteriia

Gammaproteobacteria

Gemmatimonadetes

Lentisphaeria

OM190

Opitutae

Phycisphaerae

Sphingobacteriia

SPOTSOCT00m83

Subgroup 22

vadinHA49

VC2.1 Bac22

Verrucomicrobiae

Zetaproteobacteria


image8.emf
Relative abundance

100%-
Genus

. Acidiferrobacter

. Candidatus Amoebophilus

. Cylindrotheca closterium

. Eionea
. Haliea

Marinicella
. Methylotenera
. Perlucidibaca
. Roseobacter clade NAC11-7 lineage
. Spongiibacter
. Sulfitobacter
. uncultured Chloroplast
. uncultured Hyphomonadaceae
B uncultured LWSR-14
Uncultured OCS116 cluster bacterium
. uncultured Rhodobacteraceae
. uncultured Rhodobiaceae
uncultured Saprospiraceae

75%-

50%:-

25%-+

0%-

7.4 7.8 Ambient









0%

25%

50%

75%

100%

7.4 7.8 Ambient

pH

R

e

l

a

t

i

v

e

 

a

b

u

n

d

a

n

c

e

Genus

Acidiferrobacter

Candidatus Amoebophilus

Cylindrotheca closterium

Eionea

Haliea

Marinicella

Methylotenera

Perlucidibaca

Roseobacter clade NAC11−7 lineage

Spongiibacter

Sulfitobacter

uncultured Chloroplast

uncultured Hyphomonadaceae

uncultured LWSR−14

Uncultured OCS116 cluster bacterium

uncultured Rhodobacteraceae

uncultured Rhodobiaceae

uncultured Saprospiraceae


image9.emf
' Seawater IN
Sand l J
filtration

| Light fixing
pH
Solenoid controller
valve
pH probe Foam holders
Fenkbal (holds 5 slides for
70L Seawater OUT biofilm
co2 N Header / development)
tank
= ° ° — e
/ / / / 4
Temp logge i Qi i (it
Water 4
circulator

Biofilm pH

y
Ambient Ambient Ambient 4

Ambient

. <o Ambient pH 78 @ @ @ @
Ambient | %'

pH7.8

smsent |12, 25| pH 7.4 @ @ @ @










1 

2 

3 

4 

Seawater OUT 

pH probe 

Foam holders 

(holds 5 slides for 

biofilm 

development) 

Light fixing 

Temp logger 

CO

2

  

Diffuser 

1	 2	 3	 4	

1	 2	 3	 4	

1	 2	 3	 4	

Ambient	

pH	7.8	

pH	7.4	

Biofilm	pH	

Ambient	

Ambient	

Ambient	

Ambient	

Ambient	

Ambient	

Ambient	

pH	7.8	

pH	7.4	


image10.emf
Treatment pH

POl
10O-G

das-gz
dss-1z

dss-p|

Period 2 (P2)

das-/
any-1¢
3ny-yz
any-/|
3ny-0L
gny-¢
Inr-£¢
Inf-0¢
Inf-gL
Inf-9
unr-gz
unr-zz
unr-G|.
unr-g

unr-|

Period 1 (P1)

Aen-gz
ReN-QL

ReN-| L

AeN-1

8.4
8.2
7.8
7.6
7.4
7.2

Hd

Date (2015)

e——nH7.4 e———pH 7.8 ==Ambient










image1.emf
NMDS2

0.6

0.4+

0.21

0.0

® Stress = 0.11

A
A
A
° A
~0.3 0.0 0.3 0.6

NMDS1

pH_Treatment
8.0
7.8
7.6
7.4

Biofilm_Age_days
o 27

Al









●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Stress = 0.11

●

●

●

●

●

●

●

●

−0.2

0.0

0.2

0.4

0.6

−0.3 0.0 0.3 0.6

NMDS1

N

M

D

S

2

7.4

7.6

7.8

8.0

pH_Treatment

Biofilm_Age_days

●

●

●

27

41


image2.emf
Ordination Distance

0.2 04 06 08 1.0

Non—-metric fit, R?=0.987
Linear fit, R = 0.934

0.50 0.55 0.60 0.65 0.70 0.75

Observed Dissimilarity










0.50 0.55 0.60 0.65 0.70 0.75

0

.

2

0

.

4

0

.

6

0

.

8

1

.

0

Observed Dissimilarity

O

r

d

i

n

a

t

i

o

n

 

D

i

s

t

a

n

c

e

Non−metric fit, R

2

=

0.987

Linear fit, R

2

=

0.934


image3.emf
Ordination Distance

0.4 0.6

0.2

Non—-metric fit, R?=0.998 o J
Linear fit, R? =0.989

I I I I
0.55 0.60 0.65 0.70

Observed Dissimilarity










0.55 0.60 0.65 0.70

0

.

2

0

.

4

0

.

6

Observed Dissimilarity

O

r

d

i

n

a

t

i

o

n

 

D

i

s

t

a

n

c

e

Non−metric fit, R

2

=

0.998

Linear fit, R

2

=

0.989


image4.emf
0.8

0.6

0.4

0.2

0.0

0B O

7.4

7.8

8.13










0

.

0

0

.

2

0

.

4

0

.

6

0

.

8

B

3

B

6

B

2

B

4

B

7

B

8

B

9

B

5

7.4

7.8

8.13


image5.emf
10 15 20 25

5

0

R= 0.537, P= 0.033

| | | |
Between 7.4 7.8 Ambient










Between 7.4 7.8 Ambient

0

5

1

0

1

5

2

0

2

5

R =  0.537 ,  P =  0.033


image6.emf
Relative abundance

100%-

75%-

50%:-

25%:-

0%-

7.4 78  Ambient
pH

Phylum
. Acidobacteria
. Actinobacteria
. Bacteroidetes
. Chlamydiae
. Cyanobacteria
~ Firmicutes
. Gemmatimonadetes
. Lentisphaerae
. Planctomycetes
. Proteobacteria
. Verrucomicrobia










0%

25%

50%

75%

100%

7.4 7.8 Ambient

pH

R

e

l

a

t

i

v

e

 

a

b

u

n

d

a

n

c

e

Phylum

Acidobacteria

Actinobacteria

Bacteroidetes

Chlamydiae

Cyanobacteria

Firmicutes

Gemmatimonadetes

Lentisphaerae

Planctomycetes

Proteobacteria

Verrucomicrobia


