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Abstract ResultsAbstract Results 
O ti f th G R f ti i i h b lti i ti ff t hi h h T d t i ht d h lf f tl ti it i d t h b ll t d tOperation of the Grays Reef time-series mooring has been a multi-organization effort which has suc- To date, eight and a half years of mostly continuous monitoring data have been collected at p y g g
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GRNMS (Fi 4) S l i i d h i CO h h hcessfully collected high-resolution data since 2006 The mooring is located in the South Atlantic Bight GRNMS (Figure 4) Seasonal swings in seawater and atmospheric pCO2 are apparent throughout thecessfully collected high resolution data since 2006. The mooring is located in the South Atlantic Bight GRNMS (Figure 4). Seasonal swings in seawater and atmospheric pCO2 are apparent throughout the 

(SAB) offshore Georgia USA and within the boundaries of Gray’s Reef National Marine Sanctuary time series Elevated seawater pCO2 concentrations and decreased atmospheric pCO2 are present(SAB) offshore Georgia, USA and within the boundaries of Gray s Reef National Marine Sanctuary time series.  Elevated seawater pCO2 concentrations and decreased atmospheric pCO2 are present 
2(GRNMS) It sits along the divide between the inner and middle shelf with water depths of 20 m Water during the summer months when the SAB becomes a CO2 atmosphericsource In winter months just(GRNMS). It sits along the divide between the inner and middle shelf with water depths of 20 m. Water during the summer months when the SAB becomes a CO  atmospheric source.  In winter months, just ( ) g p
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th it t CO i l d t h i CO i hi h At thi ti th SABchemistry is primarily controlled by the middle shelf oceanic dynamics, but during heavy rain events, it the opposite occurs as seawater pCO2 is lower and atmospheric pCO2 is higher.  At this time, the SAB c e st y s p a y co t o ed by t e dd e s e ocea c dy a cs, but du g eavy a eve ts, t
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t e oppos te occu s as seawate pCO2 s owe a d at osp e c pCO2 s g e . t t s t e, t e S
b CO2 i k ki i h i b di id H id f h lcan be affected by freshwater plumes coming from the numerous rivers along the Georgia and South becomes a CO2 sink taking in excess atmospheric carbon dioxide However aside from the seasonalcan be affected by freshwater plumes coming from the numerous rivers along the Georgia and South becomes a CO  sink taking in excess atmospheric carbon dioxide.  However, aside from the seasonal 

Carolina coast Temperature salinity and biological activity also play a major role in the pCO2 variabil- cyclical pattern there is an overall upward trend in both seawater and atmospheric pCO2 SeawaterCarolina coast. Temperature, salinity and biological activity also play a major role in the pCO2 variabil- cyclical pattern, there is an overall upward trend in both seawater and atmospheric pCO2.  Seawater 
ity with seasonal changes being apparent During summer months GRNMS acts as a CO source to the pCO has increased 60 uatm over the time series resulting in an average of 2 4% increase per yearity with seasonal changes being apparent. During summer months, GRNMS acts as a CO2 source to the pCO2 has increased 60 uatm over the time series resulting in an average of 2.4% increase per year.  y g g pp g , 2
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Th t h i CO h i d b i t l 20 t th ti i lti iatmosphere while during winter months it is a CO2 sink. The benthic community at GRNMS has proven The atmospheric pCO2 has increased by approximately 20 uatm over the time series resulting in anatmosphere while during winter months it is a CO2 sink. The benthic community at GRNMS has proven 

b h d d i l l i f CO d H R h l d f h
The atmospheric pCO2 has increased by approximately 20 uatm over the time series resulting in an 

f 0 78% i A f h idifi i k H l ito be hardy enduring large seasonal swings of seawater CO2 and pH Research planned for the sanctuary average of 0 78% increase per year As part of the ocean acidification network pH was also moni-to be hardy enduring large seasonal swings of seawater CO2 and pH. Research planned for the sanctuary average of 0.78% increase per year.  As part of the ocean acidification network, pH was also moni
will be aimed at determining how these organisms cope with the seasonal changes and how they will tored As expected the pH decreased with the increase in seawater pCO2 giving an annual seasonalwill be aimed at determining how these organisms cope with the seasonal changes and how they will tored.  As expected, the pH decreased with the increase in seawater pCO2 giving an annual seasonal 
adapt to rising seawater CO over time variation of approximately 0 2 on the pH scale (Figure 5)adapt to rising seawater CO2 over time.  variation of approximately  0.2 on the pH scale (Figure 5). p g 2
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Th l t h i CO i t GRNMS i i li ith th t d t th M LMonitoring The annual atmospheric pCO2 increase at GRNMS is in line with that measured at the Mauna LoaMonitoring 
Th NOAA P ifi M i E i l L b (PMEL) Th U i i f G i (UGA) Th U i

 The annual atmospheric pCO2 increase at GRNMS is in line with that measured at the Mauna Loa 
Ob i H ii h h l CO i hi h h d ThThe NOAA Pacific Marine Environmental Lab (PMEL) The University of Georgia (UGA) The Uni- Observatory in Hawaii however the annual seawater pCO2 increase was higher than expected TheThe NOAA Pacific Marine Environmental Lab (PMEL), The University of Georgia (UGA), The Uni Observatory in Hawaii, however the annual seawater pCO2 increase was higher than expected.  The 

versity of Delaware (UDEL) and GRNMS have been involved in monitoring pCO2 offshore Georgia for overall trend for seawater temperature at GRNMS has been flat to slightly negative Higher summerversity of Delaware (UDEL) and GRNMS have been involved in monitoring pCO2 offshore Georgia for overall trend for seawater temperature at GRNMS has been flat to slightly negative.  Higher summer 
many years (Figure 1; organizational chart and Figures 2 and 3) The NOAA Ocean Acidification Pro water temperatures have been offset by lower winter temperaturesmany years (Figure 1; organizational chart and Figures 2 and 3).  The NOAA Ocean Acidification Pro- water temperatures have been offset by lower winter temperatures.   y y ( g ; g g )
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Q lit (AQ) i l i l d di t l ll ti f l b t lgram provides the funding for the monitoring efforts while SECOORA provides oversight. PMEL and Figure 2 GRNMS buoy Quality assurance (AQ) measures in place include discrete sample collection for laboratory analy-gram provides the funding for the monitoring efforts while SECOORA provides oversight.  PMEL and 
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Figure 2.  GRNMS buoy.  Quality assurance (AQ) measures in place include discrete sample collection for laboratory analy
i f DIC TA d li i I ddi i UDEL l i ll d d CO h RVUGA coordinate the operational systems and monitor data that is transmitted daily The National Data
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sis of DIC TA and salinity In addition UDEL also installed an underway pCO2 system on the RVUGA coordinate the operational systems and monitor data that is transmitted daily. The National Data sis of DIC, TA, and salinity.  In addition, UDEL also installed an underway pCO2 system on the RV 

Buoy Center provides the mooring where the sensors are housed and maintains additional weather sen Savannah and collected insitu pCO2 measurements for several hours at the mooring (Figure 6) SixBuoy Center provides the mooring where the sensors are housed and maintains additional weather sen- Savannah and collected insitu pCO2 measurements for several hours at the mooring (Figure 6).  Six 
sors on the mooring The Coast Guard is charged with maintenance related to recovery and deployment of these cruises were completed during 2014 and the data is being incorporated into the QA processsors on the mooring.  The Coast Guard is charged with maintenance related to recovery and deployment of these cruises were completed during 2014 and the data is being incorporated into the QA process. g g y p y
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of the buoy. GRNMS provides vessel and diver support for sensor maintenance. UDEL is charged with The GRNMS mooring has proven to be a vitalof the buoy.  GRNMS provides vessel and diver support for sensor maintenance.  UDEL is charged with 
di li d l i f li l ll d CO i i h

The GRNMS mooring has proven to be a vital 
discreet sampling and analysis for quality control purposes as well as underway pCO2 mapping in the
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d t i bl it i t ti i th t ldiscreet sampling and analysis for quality control purposes as well as underway pCO2 mapping in the and sustainable monitoring station in the coastal 
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i i h l d d f dSAB. mooring program with almost a decade of data
The region that encompasses GRNMS is controlled by a complicated mix of mid shelf oceanic dy

mooring program with almost a decade of data 
The region that encompasses GRNMS is controlled by a complicated mix of mid shelf oceanic dy- collected In addition GRNMS is now well posi-g p y p y
i i l di t t d f h t l i f th i l th G

collected.  In addition, GRNMS is now well posi-
namics including storm generated freshwater plumes coming from the numerous rivers along the Geor- tioned to study organismal response to increasingnamics including storm generated freshwater plumes coming from the numerous rivers along the Geor

i d h li d lf i i li i d bi l i l i i
tioned to study organismal response to increasing 

gia and South Carolina coast and Gulf Stream intrusions Temperature salinity and biological activity
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CO d d i H i th i t Withgia and South Carolina coast and Gulf Stream intrusions.  Temperature, salinity and biological activity CO2 and decreasing pH in the environment.  With 
play major roles in the SAB pCO variability with seasonal changes being apparent Recent research

CO2 a d dec eas g p e e v o e . W
b h h f d fl hplay major roles in the SAB pCO2 variability with seasonal changes being apparent.  Recent research sensors on both the sea surface and seafloor thep y j p y g g pp

along the mid outer shelf has suggested that the SAB is a CO net sink and the inner shelf acts as a net
sensors on both the sea surface and seafloor, the 

along the mid-outer shelf has suggested that the SAB is a CO2 net sink and the inner shelf acts as a net benthic community can be assessed for how theyg gg 2
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benthic community can be assessed for how they 
source releasing CO2 to the atmosphere. will react to an ever changing environmentsource releasing CO2 to the atmosphere.   
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will react to an ever changing environment.   

In an effort to understand this region and its role in the global carbon budget a monitoring station
g g

In an effort to understand this region and its role in the global carbon budget, a monitoring station Figure 3 Seafloor sensorswas established at GRNMS and has successfully collected high resolution data since 2006 The station Figure 3 Seafloor sensors. was established at GRNMS and has successfully collected high-resolution data since 2006.  The station y g
currently collects pCO at the air sea interface and in the atmosphere; seawater pH; surface seawatercurrently collects pCO2 at the air-sea interface and in the atmosphere; seawater pH; surface seawater y p 2 p ; p ;
t t d li it S f t l h l b ll t d t th it d l d f CO2 ( ) T (ºC)temperature; and salinity. Surface water samples have also been collected at the site and analyzed for pCO2 (uatm)                                                                                                                                                                                                                               Temp. (ºC) temperature; and salinity.  Surface water samples have also been collected at the site and analyzed for 

Figure 5 pH and pCOdissolved inorganic carbon (DIC) total alkalinity (TA) dissolved oxygen (DO) pH and salinity to gain Figure 5.  pH and pCO2  dissolved inorganic carbon (DIC), total alkalinity, (TA), dissolved oxygen (DO), pH and salinity to gain g p p 2 

a concept for the TA salinity relationship As a result of these research efforts it has been noticed thata concept for the TA-salinity relationship.  As a result of these research efforts, it has been noticed that p y p
there is a distinct relationship bet een the pCO concentrations and ater temperat re and salinit Asthere is a distinct relationship between the pCO2 concentrations and water temperature and salinity.  As p p 2 p y
th t t t i d th CO (Fi 4) hil li it d Thi hthe seawater temperature increases, so does the pCO2 (Figure 4) while salinity decreases. This phenom-the seawater temperature increases, so does the pCO2 (Figure 4) while salinity decreases.  This phenom
enon has been replicated every year since data collection began in 2006 The average atmospheric pCO2enon has been replicated every year since data collection began in 2006.  The average atmospheric pCO2 
as measured at GRNMS is approximately 400 micro atmospheres (µatm) This concentration is typicalas measured at GRNMS is approximately 400 micro-atmospheres (µatm).  This concentration is typical-pp y p (µ ) yp
l e ceeded in the ater col mn d ring the arm s mmer months forcing CO o t of the ater into thely exceeded in the water column during the warm summer months forcing CO2 out of the water into the y g g 2
t h Thi d t d t t th li l t f th iddl SAB li f iatmosphere. This data demonstrates the cyclical nature of the middle SAB cycling from serving as aatmosphere.  This data demonstrates the cyclical nature of the middle SAB cycling from serving as a 

place where CO2 is stored to becoming a CO2 source to the atmosphereplace where CO2 is stored to becoming a CO2 source to the atmosphere. 
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pCO2 Changes at GRNMS Fi 6 U d CO tpCO2 Changes at GRNMS Figure 6. Underway pCO2 measurements
Seawater = +2 4%/year

Figure 6.  Underway pCO2 measurements 
Seawater  +2.4%/year 

collected at the GRNMS mooring duringAtmosphere = +0.78%/year collected at the GRNMS mooring during Atmosphere  0.78%/year g g
20142014.  

Fi 4 GRNMS ti i d tFi 1 O i ti l h t Figure 4. GRNMS time-series data.Figure 1. Organizational chart. Figure 4.  GRNMS time series data. Figure 1.  Organizational chart. 
Data can be accessed at http://cdiac.ornl.gov/oceans/Moorings/p g g


