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Hypoxia observations 

• July 2004 

• Shallow waters ! 

• Sandy beaches ! 

• Non-estuarine ! 

• Sondes in the water 
by 2006 

• Anoxia in 2009 

 



Why Apache Pier? 

 • Low DO constrained to  water 
depths of 5 to 10 m 

• Site of Low DO in 2004 

• Fishing resource 
– SC DNR Fishing Coop  

 

• Some data from mid depths at 
Springmaid pier at south end  

– Aug 06 thru Dec 07 

– http://nautilus.baruch.sc.edu/CSV/Sp
ringmaid_DO/ 

 

http://nautilus.baruch.sc.edu/CSV/Springmaid_DO/
http://nautilus.baruch.sc.edu/CSV/Springmaid_DO/


Long Bay  
•~100 km to the shelf break 
•  Large, shallow shelf   
•  Rivers: Winyah Bay and Cape Fear 
•  Tidal inlets (Murrells and Little River) 

Apache Pier 



Dataset 

• Time Scales (n = 4 y) 

– Seasonal 

– Diel 

– Interannual  

• Anoxia in 2009 

• Spatial Scales 

– Apache 
• Surface water 

• Deep water 

– Other piers 

 

YSI 600R Datasondes 



Long Bay – net heterotrophic 
especially in deepwater in summer 



6/30/06 (neap tide) Southwesterly winds → Upwelling → Cold saline water migrates onshore → Frontal condition 



Min DO = 1.4 ppm 

4.3” 0.3” 2.5” 0.7” 2.5” 1.6” 1.6” 

Rain in late summer 2008 



2006-2008 
 
Springmaid Pier 
July-Aug 2006 
Minima: 1.8 to 2.1 ppm 
30% < 4 ppm 

Hypoxia (< 2 ppm) 

•  Long Island & 
Diaz (< 3 ppm) 
•  NEEA and NCCR 
(< 5 ppm) = FAIR 

Fish Stress 

•  < 5 ppm 
•  60% saturation 



2009: Duration in Bottom 
%

 d
ay

 
%

 d
ay

 

2009: Duration in Surface 



Bottom – Surf Temp 

Surface and Bottom DO 

Sea level 

Two Hypoxic Events 

Commonalities:  Spring Tide, Frontal conditions (temperature stratification) 



Bottom – Surf Temp 

Surface and Bottom DO 

Sea level 

August Event - Anoxia 

Sloshing with the tides.  Note low surface DO 



8/20 

8/19 

8/21 

Apache Pier Time Series 

Loss of vertical gradients 



Apache Pier Time Series 
 

8/28 

8/26 

8/24 

Low DO remains in bottom 



0 m 

Low DO Events 

Pier 

Low DO extends no more than 2 km offshore 

3 m 

5-6 m 

Seawater: 

Terrestrial + 
seawater 

Terrestrially 
dominated 

Low  
DO 

Higher salinity 
Lower temp 

Lower salinity 
Higher temp 

Low and Declining  
DO 



 
Buoys record  onshore 
movement of cold, 
salty water mass 

Source:  Clay McCoy, 
SC Seagrant 
Consortium/CCU 



Blobs versus ribbons 
 
Pollen in Apr 2010 





Bottom 
DO (mg/L) 

NORTH SOUTH 

TIME 

Hypoxic  conditions geographically 
widespread but  patchy in time and space 



Example of instrusion of marine water 
coincident with low do 



Conclusions 

• Lots of temporal variability 
across multiple scales 

• Terrestrial influences 
– Rain 

• Marine influences 
– Low temp, high salinity water 

intrusions 

• Tidal influences 
 

 
• Need long-term dataset 





Bottom – Surf Temp 

Surface and Bottom DO 

Sea level 

September Event 

Sloshing with the tides but timing is different.  Note higher surface DO 





Bloom in Spring? 

•Bottom: High %DO in 
May-Jul 
•Surface: High %DO in 
Jun  
•Large SD reflects diel 
oscillations 

Benthic diatoms 



Hardly any Surface to Bottom difference in %DO in June 2009 



May through November 

2006: 38” June through August Tropical Storms 

Salinities were 
low in April and 
May 
 

Not due to 
rainfall at the 
coast 
 

2007 was an 
historic drought 
year.  Salinity 
driven by lack of 
upwelling. 
Temperature is 
also reflective of 
upwelling. 



2006 2007 

2008 2009 

WaterWatch 
USGS 
streamflow 
duration 
hydrographs 

River flow in  
June 2009  was  

“Much above normal” 









Stormwater Pipes on the Beach Face 



Tidal creeks (n = 14) 
aka “Swashes” 

White Point Swash 



              White Point Swash 
               Stormwater outfalls 


