
[bookmark: _GoBack]Supplemental material

Projecting ocean acidification impacts for the Gulf of Maine to 2050: New tools and expectations



Siedlecki, S.A.1*, Salisbury, J.2, Gledhill, D.K.3, Bastidas, C.4, Meseck, S.5, McGarry, K.1, Hunt, C.W.2, Alexander, M.6, Lavoie, D.7, Wang, Z.A.8, Scott, J.4, Brady, D.C.9, Mlsna, I.10, Azetsu-Scott, K.11, Liberti, C.M.9, Melrose, D.C.12, White, M.13, Pershing, A.14, Vandemark, D.2, Townsend, D.W.9, Chen, Changsheng15, Mook, W.13, Morrison, R.16

1University of Connecticut, Connecticut, United States of America
2Ocean Process Analysis Laboratory, University of New Hampshire, New Hampshire, United States of America
3NOAA OAR Ocean Acidification Program (OAP), Washington D.C, United States of America
4Massachusetts Institute of Technology, Sea Grant Program, Massachusetts, United States of America
5NOAA, Milford Laboratory, Connecticut, United States of America
6NOAA Physical Sciences Laboratory, Colorado, United States of America
7Fisheries and Oceans, Canada, Maurice Lamontagne Institute, Quebec, Canada
8Woods Hole Oceanographic Institution, Massachusetts, United States of America
9University of Maine, Maine, United States of America
10 Environmental Protection Agency, Massachusetts, United States of America
11Fisheries and Oceans Canada, Bedford Institute of Oceanography, Nova Scotia, Canada
12 NOAA, Narragansett Laboratory, Rhode Island, United States of America
13Mook Sea Farm, Maine, United States of America
14Gulf of Maine Research Institute, Maine, United States of America
15University of Massachusetts, Dartmouth, Massachusetts, United States of America
16Northeastern Regional Association of Coastal Ocean Observing Systems, New Hampshire, United States of America

*samantha.siedlecki@uconn.edu

List of Contents:

Figure S1. Increasing importance of shellfish to New England fisheries in terms of total landed value
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Figure S2. Trends at WB7 for temperature and salinity
Long-term trends of temperature (left) and salinity (right) between 2005 and 2017 for the surface (top), sub-surface (middle), and bottom (lower) layers of the water column at a deep station (WB7, 42.859 °N, -69.860 °W) in Wilkinson Basin, Gulf of Maine analogous to the trends in Figure 3 of the main text. The dashed lines are deseasonalized linear trendlines based on the method of Takahashi et al. (2009). For comparison, WHOI’s seasonal data (Wang et al., 2017), NOAA GOMECC 1 (Wang et al., 2013), GOMECC 2 (Wanninkhoff et al., 2015), and ECOA 1 collected from a nearby location are also shown. These offshore deseasonalized trends are consistent with the warming and salinity surface trends observed at the nearshore Buoy D (2004-2015 in Salisbury and Jonsson, 2018), the trend is not significant here.
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Figure S3. Model evaluation at CML and Buoy D for Ωarag
Saturation state for aragonite (Ωarag) comparisons at the UNH CML (black points) and Buoy D (green points). Ωarag was calculated using TA from the empirical relationships of McGarry et al. (2021; vertical axis) and the UNH observed TA (horizontal axis), together with observed temperature, salinity, and pCO2. The red dashed line shows the 1:1 regression slope, the dashed black line shows the CML linear regression (RMSE = 0.066, r2 = 0.94), the dashed green line shows the Buoy D linear regression (RMSE = 0.028, r2 = 0.99).  
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Figure S4. Model acidification annual metrics at Buoy D 
Boxplots (top) of the surface modeled average (left), acidification intensity (center), and duration (right) annual metrics for the grid cell nearest Buoy D. Each box was generated as an ensemble of the model outputs for each of the conditions (present, 2050_RCP8.5, and 2050_slug). Yellow shaded region demarks Ωarag < 1.5 while red shading denotes values < 1.0. 
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Figure S5. Total alkalinity (µmol/kg) seasonal CTRL for the ROMS model with empirical biogeochemistry 
Seasonal maps of the surface (top) and bottom (bottom) for the control (CTRL) conditions in the GOM. Seasons are broken up into December–February (DJF), March–May (MAM), June–August (JJA), and September–November (SON). 
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Figure S6. Dissolved inorganic carbon (µmol/kg) seasonal CTRL for the ROMS model with empirical biogeochemistry 
Seasonal maps of the surface (top) and bottom (bottom) for the control (CTRL) conditions in the GOM. Seasons are broken up into December–February (DJF), March–May (MAM), June–August (JJA), and September–November (SON). 


Table S1. Responses of six commercially important species of the Gulf of Maine to increased ocean and coastal acidification (OCA) conditions1
	Reference
	pCO2 (ppm), T (°C)
	pH
	Ωarag, Ωcalcitea
	Exposure period
	Life stage
	Resultsb

	American lobster Homarus americanus

	Harrington and Hamlin, 2019
	486
	7.95
	Ωarag: 1.25
	60 days
	Juveniles: 50–65 mm carapace length, sub adult females
	↔hemolymph total protein

	
	850
	7.6
	Ωarag:0.63
	
	
	↔hemolymph calcium

	
	
	
	
	
	
	↔hemolymph ecdysterone (20E)

	
	
	
	
	
	
	↓L-lactate concentration

	
	
	
	
	
	
	↓Total Hemocyte Counts 

	
	
	
	
	
	
	↓Cardiac performance

	McLean et al., 2018
	400 (year 2014)
	7.92 
	Ωcalcite:3.15
	90–120 days
	Juveniles: 4–6 mo post hatch
	↓ growth

	
	400 (year 2015)
	8.02 
	Ωcalcite:2.66
	
	
	↑ 1st intermolt time period

	
	1000 (year 2014)
	7.68 
	Ωcalcite:1.57
	
	
	↑ 2nd and 3rd intermolt time period at medium CO2 level

	
	1000 (year 2015)
	7.64 
	Ωcalcite:1.48
	
	
	↑shell disease 

	
	2000  (year 2014)
	7.40
	Ωcalcite:0.86
	
	
	

	
	2000  (year 2015)
	7.40
	Ωcalcite:0.89
	
	
	

	Waller et al., 2017
	380, 16
	8.066
	Ωarag:2.14
	25 up to 32 days
	Larvae: stage I–IV
	↔ with CO2 alone; 

	
	380, 19
	8.091
	Ωarag:2.65
	
	
	with CO2 and T increases: 

	
	750, 16
	7.886
	Ωarag:1.62
	
	
	↑feeding rates, swimming speeds, carapace lengths, dry mass

	
	750, 19
	7.836
	Ωarag:1.67
	
	
	↓survival

	Menu-Courey et al., 2019
	400
	7.97
	Ωarag 2.03
	40 days
	Larvae: stage IV–V
	↓ survival and slower development

	
	600
	7.89
	Ωarag:1.76
	
	
	↑aerobic capacity 

	
	800
	7.80
	Ωarag:1.47
	
	
	

	
	1000
	7.73
	Ωarag:1.27
	
	
	

	
	1200
	7.67
	Ωarag:1.12
	
	
	

	
	2000
	7.39
	Ωarag:0.61
	
	
	

	
	3000
	7.17
	Ωarag:0.38
	
	
	

	Niemisto et al., 2020
	400, 16
	7.94
	Ωarag:1.45
	15 to 31 days
	Larvae: stage I–IV; collected as postlarvae
	↓ down-regulation of cuticle proteins and a calcification-associated peptide at elevated T. ↑ upregulated chitinase and cuticle proteins associated with calcium binding under elevated CO2.  Heat shock proteins: ↓ downregulated under elevated T alone; ↑ upregulated at elevated pCO2 and at elevated pCO2/T

	
	1200, 16
	7.56
	Ωarag:0.72
	
	
	

	
	400, 19
	7.89
	Ωarag:1.52
	
	
	

	
	1200, 19
	7.63
	Ωarag:0.88
	
	
	

	Eastern oyster Crassostrea virginica

	Clements et al., 2017
	-
	7
	-
	21 - 35 days in lab; 50 days in field
	Adults: 45–90 mm in length
	↔ Shell length, width or weight 

	
	 -
	7.5
	-
	
	
	↓ parasite Polydora websteri 

	
	 -
	8
	-
	
	
	

	Clements et al., 2018
	1000
	7.64
	Ωarag: 0.60 
	10 days
	Adults: 64.1–82.4-mm shell height
	↔gaping

	
	1500
	7.44
	Ωarag:0.38 
	
	
	

	
	2500
	7.30
	Ωarag:0.28 
	
	
	

	
	5500
	6.91
	Ωarag:0.12 
	
	
	

	
	8000
	6.79
	Ωarag:0.09 
	
	
	

	Young and Gobler, 2018
	400
	7.98
	Ωarag: 1.91
	14 days
	Juveniles: 2.45 and 24.92 mm
	↓ Shell growth rates

	
	1700
	7.39
	Ωarag:0.59
	
	
	↓ Tissue growth rates; adding Ulva: ↑ bivalve performance

	Richards, 2017
	400
	8.47
	-
	6 days
	Larvae: early stages
	↓ mean shell length, ↓ survival 

	
	1000
	8.32
	-
	
	
	↓↑ in expression levels of four calcium binding protein genes.

	Sea Scallop Placopecten magellanicus

	Rheuban et al., 2018c
	RCP 4.5
	-
	-
	-
	Adults
	↓ biomass, 13% by 2100

	
	RCP 8.5
	 -
	-
	 -
	
	↓ biomass >50% by 2100

	Cooley et al., 2015 c
	RCP8.5 MA
	S: 8.05-7.91
	Ωcalcite: 3.35-2.65
	40 years
	Various: Model assumes less recruitment and growth due to OA, and more growth due to warming
	↓ harvests by 2050 under RCP 8.5 CO2 emissions and current harvest rules

	
	RCP8.5 GB
	S: 8.08- 7.94
	Ωcalcite: 3.23- 2.51
	
	
	Projected pH for surface (S) and deep waters (D); larger pH is initial condition; MA = Mid- Atlantic; GB = Georges Bank

	
	RCP8.5 MA
	D: 8.05- 7.85
	Ωcalcite: 2.64- 1.99
	
	
	

	
	RCP8.5 GB
	D: 8.05-7.89
	Ωcalcite: 2.80- 2.11
	
	
	

	Surfclam Spisula solidissima

	Pousse et al., in press
	566
	7.80
	Ωarag: 1.16
	15 weeks
	Juveniles
	↓ Scope for growth, ↓Assimilation ↓ clearance rate, ↑ excretion, Ո selection efficiency and respiration


	
	1380
	7.46
	Ωarag: 0.57
	
	
	

	
	2164
	7.28
	Ωarag: 0.37
	
	
	

	Meseck et al., in press
	344
	7.97
	Ωarag: 2.18
	28 days
	Larvae
	Ո growth rates, % metamorphosis, shell height
↔ on survival

	
	820
	7.63
	Ωarag: 1.09
	
	
	

	
	1243
	7.46
	Ωarag: 0.77
	
	
	

	Soft-shell clam Mya aenaria

	Lesser et al., 2019
	380,10-12C
	8.076
	Ωarag: 2.298
	13 days
	Juveniles: 1.5–2.4 cm Shell Length
	↑Steamerd expression at low pH

	
	380,16-18 C
	8.055
	Ωarag: 2.455
	
	
	

	
	560,10-12 C
	7.93
	Ωarag: 1.822
	
	
	

	
	560,16-18 C
	7.948
	Ωarag: 2.202
	
	
	

	Clements et al., 2016
	-
	6.94 lab sediment
	-
	20 minutes up to 7 days
	Juveniles
	↓burrowing, ↓dispersal pattern

	
	-
	6.82 field sediment
	-
	
	
	

	Glaspie et al., 2017e
	1284 
	7.8
	Ωcalcite: 3.88 
	30 days
	Juveniles: 28 mm
	↓shell weight, ↓responsiveness to predators

	
	6464 
	7.2
	Ωcalcite: 1.18 
	
	
	

	Clements and Hunt, 2018f
	-
	-
	-
	-
	Juveniles: < 6mm in length
	↓Mean clam abundance with ↓sediment pH and ↓sediment grain size

	Meseck et al., 2018 f
	-
	6.18 to 8.34 in porewater
	Ωarag: 0.30 to 3.52
	-
	Juveniles< 4mm in length
	pH and phosphate explained 44% of bivalve abundance. Mya arenaria and Nucula spp. are >80%

	Atlantic sea herring Clupea harengus

	Leo et al., 2018
	415, 6 C
	8.15
	-
	27 days
	Larvae: measured at hatch, from exposed eggs
	[bookmark: _heading=h.gjdgxs]At higher T: ↑energy demand; at higher T and CO2: ↑ larval malformations

	
	1101, 6 C
	7.77
	-
	27 days
	
	

	
	408, 10 C
	8.17
	-
	16 days
	
	

	
	1050, 10C
	7.79
	-
	16 days
	
	

	
	403, 14C
	8.18
	-
	11 days
	
	

	
	1050, 14C
	7.78
	-
	11 days
	
	

	Maneja et al., 2015
	370
	8.08
	-
	34 days
	Larvae: 34 days post hatch
	↔ Swim behavior, ↓ larval growth

	
	1800
	7.44
	-
	
	
	

	
	4200
	7.08
	-
	
	
	

	Sswat et al., 2018ae
	380
	-
	-
	113 days
	Larvae: measured at hatch, from exposed eggs
	↑ survival 19%

	
	760
	-
	-
	
	
	

	Sswat et al., 2018b
	400, 10 C
	8.11
	-
	32 days
	Larvae: Post hatch until stage 2c
	At higher T: ↑ swimming activity, ↓survival and growth rate; at higher CO2: ↔ Larval size, growth rate and swimming activity; at higher CO2 and lower T: ↓ larval weight

	
	400, 12 C
	-
	-
	
	
	

	
	900, 10 C
	7.81
	-
	
	
	

	
	900, 12 C
	-
	-
	
	
	




1 This Table only includes studies for species from the Gulf of Maine region since the review by Gledhill et al. (2015)
a Saturation state for aragonite (Ωarag) or for calcite (Ωcalcite)
b Significant increase (↑), significant decrease (↓), no significant response (↔) or hormetic response (Ո) in variable to increased pCO2
c Modeling study
d Steamer is a retrotrasposon likely involved in disseminated neoplasia or hemocyte leukemia in the clam
e Mesocosm experiment
f Field study



Table S2. Studies on organismal response of species from the Gulf of Maine to ocean acidification (OA) conditions1
	
	# of studies
	Life Stage
	Response to acidification
	

	Common Name
	Scientific name
	OA
	Multi-stressor 
	Egg/Larvae
	Juvenile
	Adult
	↑a
	↓b
	↔c
	Reference

	Crustaceans

	Blue crab
	Callinectes sapidus
	1
	-
	-
	-
	1
	-
	-
	1
	Glaspie et al.,, 2017

	Green crab
	Carcinus maenas
	1
	-
	-
	-
	1
	-
	-
	1
	Spangenberg, 2018

	Artic copepod
	Calanus glacialis
	1
	
	1
	-
	-
	-
	-
	1
	Bailey et al., 2016

	Copepod
	Calanus finmarchicus
	-
	1
	1
	-
	-
	-
	-
	1
	Preziosi et al., 2017

	Copepod
	Acartia tonsa
	1
	-
	1
	1
	1
	-
	1
	-
	(Cripps et al.,, 2014)

	Mollusks

	Blue mussel
	Mytilus edulis
	6
	3
	2
	2
	5
	1
	7
	1
	Broszeit et al., 2016; Dickey et al., 2018; Fitzer et al., 2014a; 2014b; 2015; Lesser, 2016; Ramesh et al., 2017; Ventura et al., 2016; Young and Gobler, 2018

	Hard clam
	Mercenaria mercenaria
	-
	4
	2
	1
	1
	1
	5 
	-
	Clements and Hunt, 2017; Clements et al., 2016; Griffith and Gobler, 2017; Miller and Waldbusser, 2016; Young and Gobler, 2018

	Nut clam
	Nucula spp.
	-
	1
	-
	-
	1
	-
	1
	-
	Meseck et al., 2018

	Pteropod
	Limacina retroversa
	2
	1
	1
	-
	2
	-
	3
	-
	Bergan et al., 2017; Thabet et al., 2015

	Bay scallops
	Argopecten irradians
	-
	2
	-
	1
	1
	1
	1
	-
	Griffith and Gobler, 2017; Young and Gobler, 2018

	Fish

	Little skate
	Leucoraja erinacea
	-
	3
	2
	1
	-
	-
	3
	-
	Di Santo, 2015; 2016; 2019

	Skate
	Rostroraja eglanteria
	-
	1
	-
	-
	1
	-
	1
	-
	Schwieterman et al., 2019

	Thorny Skate
	Amblyraja radiata
	-
	1
	-
	-
	1
	-
	1
	-
	Schwieterman et al., 2019

	Inland Silverside
	Menidia beryllina
	-
	1
	1
	-
	-
	-
	1
	-
	Gobler et al, 2018

	Sheepshead minnow
	Cyprinodon variegatus
	-
	1
	1
	-
	-
	-
	1
	-
	Gobler et al., 2018

	Smooth dogfish
	Mustelus canis
	1
	-
	-
	-
	1
	-
	1
	-
	Dixson et al., 2015

	Scup
	Stenotomus chrysops
	1
	-
	-
	1
	-
	-
	-
	1
	Perry et al., 2015

	Echinoderms

	Seastar
	Asterias rubens
	1
	-
	-
	-
	1
	-
	-
	1
	McCarthy et al., 2020

	Polychaetes

	Worms
	Hediste diversicolor
	1
	1
	-
	-
	2
	-
	2
	-
	Freitas et al., 2016; 2017; 

	Worm
	Alitta virens
	-
	1
	-
	-
	-
	-
	-
	1
	Nielson et al., 2019

	Worm
	Hydroides elegans
	1
	1
	-
	-
	2
	1
	1
	-
	Li et al., 2016; Meng et al., 2019

	Macroalgae

	Sea lettuce
	Ulva spp.
	-
	2
	-
	-
	-
	2
	-
	-
	Young and Gobler, 2016; 2018

	Sea lettuce
	Ulva lactuca
	1
	-
	-
	-
	-
	1
	-
	-
	Chen et al., 2019

	Sea lettuce
	Gracilaria tikvahiae
	-
	1
	-
	-
	-
	1
	-
	-
	Young and Gobler, 2016

	Sea lettuce
	Pyropia leucosticta
	1
	-
	-
	-
	-
	1
	-
	-
	Chen et al., 2019

	Rhodophyta
	Lithothamnion glaciale
	2
	-
	-
	-
	2
	-
	2
	-
	Ragazzola et al., 2012; 2016

	Rhodophyta
	Lithothamnion corallioides
	-
	2
	-
	-
	2
	-
	2
	-
	Legrand et al., 2017; 2019

	Protists

	Foraminifera
	Globobulimia turgida
	-
	1
	-
	-
	-
	-
	-
	1
	Wit et al., 2016

	Phytoplankton

	Coccolithophore
	Emiliania huxleyi
	1
	1
	-
	-
	-
	2
	-
	-
	Jin et al., 2015; Schlüter, 2016

	Dinoflagellates
	Alexandrium catenella
	-
	1
	-
	-
	-
	-
	1
	-
	Seto et al.  2019

	Dinoflagellates
	Scrippsiella sp.
	-
	1
	-
	-
	-
	1
	-
	-
	Seto et al., 2019

	Dinoflagellates
	Karenia mikimotoi
	-
	2
	-
	-
	-
	-
	-
	2
	Seto et al., 2019; Wang et al., 2019

	Mesocosms

	Phytoplankton
	-
	-
	1
	-
	-
	-
	1
	1
	-
	Schulz et al., 2017

	Copepod
	-
	-
	1
	-
	-
	-
	-
	1
	-
	Vehmaa et al., 2016

	Marine Ecosystem Models

	Fish, Sharks, protected species, invertebrates, plankton
	-
	1
	-
	-
	-
	-
	-
	1
	-
	Fay et al., 2017

	Lobster, snow crabs, shrimp, scallops, clams, mussels, oysters
	-
	1
	-
	-
	-
	-
	-
	1
	-
	Wilson et al., 2020

	Harmful Algal Bloom
	-
	-
	1
	-
	-
	-
	1
	-
	-
	Glibert, 2020; Raven et al., 2020; Tester et al., 2020

	Evolutionary/Adaptive experiments

	Blue mussel
	Mytilus edulis
	2
	-
	2
	-
	-
	1
	1
	-
	Kong et al., 2019; Thomsen et al., 2017

	Worm
	Hydroides elegans
	1
	-
	-
	-
	1
	-
	-
	1
	Lane et al., , 2015

	Copepod
	Acartia tonsa
	2
	-
	-
	2
	-
	-
	1
	1
	Aguilera et al., 2016; Langer et al., 2019

	Seastar
	Asterias rubens
	-
	1
	-
	-
	1
	-
	1
	-
	Hu et al., 2018


1 This is a review of biological studies for species from the Gulf of Maine region since the review by Gledhill et al. (2015)
a ↑ is a significant positive response to increased pCO2;
b↓ is a significant negative response to increased pCO2
c ↔ is no significant response to increased pCO2




Table S3. GOM regional OA observing capacity description of observations plotted in Figure 2



	Project Name
	Category
	Parameter(s) measured
	Discrete or continuous monitoring?
	Frequency of sampling
	Sampling depth 

	LISICOS Western Long Island Sound
	buoy
	pH, pCO2
	continuous
	every 15 mins throughout the year
	bottom 

	LISICOS ARTG 
	buoy
	pH
	continuous
	every 15 mins throughout the year
	bottom 

	Portland Harbor carbon monitoring station (EPA)
	monitoring station
	pH, pCO2
	continual 
	every hour throughout the year 
	surface

	Friends of Casco Bay 
	monitoring station
	pCO2, pH
	hourly
	every hour throughout the year 
	surface

	Halifax station (DFO)
	buoy
	pCO2 and pH 
	continuous 
	every hour throughout the year 
	surface

	NERACOOS Gulf of Maine UNH Coastal Marine Lab Field Station 
	monitoring station 
	pCO2
	hourly
	every hour throughout the year 
	surface

	UNH Great Bay
	buoy
	pCO2, pH
	continuous 
	every hour May-Nov 
	surface 

	Coastal Western Gulf of Maine mooring (NOAA, UNH)
	buoy
	pH, pCO2
	continual
	every 3 hours throughout the year
	surface 

	Bedford Basin 
	monitoring station
	pH, pCO2, DIC, and TA
	discrete (bottom mooring with pCO2 sensor)
	pCO2 hourly/pH, pCO2, DIC, TA weekly 
	full column

	Halifax station (DFO)
	monitoring station
	DIC, TA, pCO2
	discrete
	weekly to monthly during the ice free season
	full column

	NERACOOS Gulf of Maine UNH Coastal Marine Lab Field Station 
	monitoring station 
	TA, pH, DIC
	 discrete 
	monthly-to-quarterly 
	surface

	Wilkinson Basin transect (NOAA OAP)
	cruise
	pCO2
	continual 
	4–7 times per year
	surface

	Wilkinson Basin transect (NOAA OAP)
	sampling locations
	TA, pH, DIC
	discrete
	4-7 times per year
	full column

	R/V Bigelow (Global Carbon Group NOAA AOML), SOOP
	cruise
	pCO2
	continual
	cruises run March–Nov, between 4–6 times in this timeframe, cruises last anywhere from 2–10 weeks
	surface flow through 

	R/V Gunter (Ocean Chemistry and Ecosystems Division NOAA AOML), SOOP
	cruise
	pCO2
	continual
	May–Nov deployments, 7 in 2019, 4 in northeast region 
	surface flow through 

	NSF NES-LTER
	cruise
	pCO2
	continous 
	4 cruises per year
	surface flow through 

	NSF NES-LTER
	sampling locations
	DIC and TA
	discrete
	4 times per year
	full column

	Eco-Mon (NOAA NEFSC)
	sampling locations
	DIC, pH, TA, nutrients
	discrete
	2–3 times per year
	full column

	OOI Maintanance/Deployment cruise  (WHOI)
	cruise
	pH, DIC, TA, pCO2
	discrete
	twice per year
	full column

	OOI Pioneer Array
	buoy
	pCO2
	continous 
	twice per year
	surface 

	AZMP Halifax line
	cruise
	pCO2
	continuous
	twice per year
	surface flow through 

	AZMP Browns Bank line
	cruise
	pCO2
	continuous
	twice per year
	surface flow through 

	AZMP Yarmouth Line
	cruise
	pCO2
	continuous
	twice per year
	surface flow through 

	AZMP PL line
	cruise
	pCO2
	continuous
	twice per year
	surface flow through 

	AZMP PS line
	cruise
	pCO2
	continuous
	twice per year
	surface flow through 

	AZMP HL stations
	monitoring stations
	pH, pCO2, DIC and TA
	discrete
	twice per year
	full column

	AZMP BBL stations
	monitoring stations
	pH, pCO2, DIC and TA
	discrete
	twice per year
	full column

	AZMP YL stations
	monitoring stations
	pH, pCO2, DIC and TA
	discrete
	twice per year
	full column

	AZMP PL stations
	monitoring stations
	pH, pCO2, DIC and TA
	discrete
	twice per year
	full column

	AZMP PS stations
	monitoring stations
	pH, pCO2, DIC and TA
	discrete
	twice per year
	full column

	ECOA (NOAA OAP)
	cruise
	pCO2, DIC, pH, CO2atm
	continual
	 once every 4 years
	surface flow through 

	ECOA (NOAA OAP) 
	sampling locations
	pH, DIC, pCO2, TA, nutrients (nitrate, nitrite, phosphate, orthosilicic acid)
	discrete
	once every 4 years
	full column 

	Shell Day
	monitoring locations
	TA, salinity, some pH
	discrete
	single monitoring blitz August 2019
	surface
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