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The aquatic vegetation communities of the east and west 
sides of Lake Mattamuskeet are different. 

East Side – Eutrophic, 
Dominated by submerged  
aquatic vegetation 
 

West Side – Hyper-eutrophic, 
Dominated by algae 

Photos from Summer, 2012 

Presenter
Presentation Notes
Lake Mattamuskeet is an important wintering ground for waterfowl.  SAV is a primary food source for waterfoul and an important habitat for fish.   We are collecting water quality data to better understand lake dynamics and water quality dynamics so we can understand the causes of SAV decline on the west side.  Eutrophication in definitely an issue in Mattamuskeet, but more than that it is an issue of who the primary producers are.  The east side is actually characterized as eutrophic, but since the primary producers are plants it has good water quality and high habitat value.  Algal dominated lakes have lower value for almost all uses. If lake levels are raised with the current nutrient inputs there is a very good chance that algal populations will increase and will attenuate enough light to reduce plant coverages and thus habitat quality.  I’d be happy to talk at the State of the Sounds meeting.



Summary Data from DWQ 2012 Lakes Assessment 

Presenter
Presentation Notes
All data suggests that lake is hyper-eutrophic on the west side and eutrophic on the east side (classification by DWQ).  Exceedance of state standards for Chl a, pH, and high organic nitrogen values also collaborates this finding.  Work by the Division of water quality has determined that counts of cyanobacteria are above the world heath organization’s standard for safe recreational waters.  Work by the University of Auburn and the USGS Kansas algal toxins lab have confirmed the presence of algal toxins in the lake.   



Conceptual movement of hydrology in Lake 
Mattamuskeet (developed by Mike Piehler, UNC 

IMS) 

 

Presenter
Presentation Notes
Mattamuskeet is a wind driven system.  There are very little hydrologic inputs into the lake.  Generally the basic hydrologic model states inputs come from rainfall and groundwater and outputs are due to evapotranspiration and runoff.  In the case of Mattamuskeet, conceptual models suggest that lake level rises from percipitation and falls from evapotranspirations.  Other minor inputs could include water flowing from the sound to the canals when the water level of the lake is lower than the sound, inputs from agricultural fields and waterfowl impoundments, and groundwater inputs, but none of these inputs have been quantified.  A next step for lake Mattamuskeet should be to quantify the hydrologic cycle.



 

Presenter
Presentation Notes
Lake Mattamuskeet is the largest natural lake in North Carolina.  Located in Hyde County on the Albemarle/Pamlico peninsula, this lake is part of the Mattamuskeet National Wildlife Refuge and is managed by the Federal Fish and Wildlife Service to attract and provide habitat for migratory waterfowl utilizing the Atlantic Flyway (Figure 1).  The average depth of Lake Mattamuskeet is one meter.  Water inflow is dominated by precipitation and outflow is via evaporation and four outflow canals. One canal (Rose Bay Canal) is located on the western side of the lake and three are located on the eastern side (Outfall Canal, Lake Landing Canal and Waupopin Canal).  Water control structures in these canals allow freshwater outflow during periods of high rainfall and during wind events.  In addition to these four canals, numerous small canals connect the lake to the adjacent agricultural land and wetlands.  The two continous monitors were placed in a central location on the east and west sides of the lake.



USGS’s role in water-quality monitoring at  
Lake Mattamuskeet 

• Continuously monitor water 
quality every 15 minutes 
– Installed September 2012 
– Continuous Temp, pH, Specific 

Conductivity and Salinity, 
Dissolved Oxygen, and Turbidity 

 
• Help develop and implement 

routine monitoring of:  
– Basic measurements of lake 

health (nutrients, water clarity, 
salinity, conductivity, dissolved 
oxygen, chlorophyll a) 

 

Presenter
Presentation Notes
This is one of the USGS water-quality stations.  It is equipped with various sensors that measure lake level, specific conductivity and salinity, pH, dissolved oxygen, and turbidity.  This information helps us better understand the daily and yearly dynamics of the lake.  My goal today is to show you how you can access this data and how you can use this data to better understand water quality in Lake Mattamuskeet.  



Access data at: 
http://waterdata.usgs.gov/nc/nwis 

Presenter
Presentation Notes
 One of the rationale’s for the USFWS’s 2012 investment in continuous water quality monitors* with near real-time data access at Lake Mattamuskeet was to provide information to assist in targeting periods for more intensive data collection. The lake’s remote location, large size, and shallow depth make sampling logistically challenging, and mobilizing to learn about conditions of concern at the lake (e.g., low dissolved oxygen events, algal blooms, quality of run-off water, etc.) can be facilitated by review of data being routinely collected at the monitoring stations. While periodic cross-sectional profiles of water quality on each side of the lake are planned (to put conditions at the two monitoring sites into context of conditions of the entire lake), three recent observations indicate sampling this summer as desirable: 



Gage Height 
Gage height measures the lake level.  It is common 

that water levels decrease during NC summers due to 
terrestrial plant growth and evaporation.  



Specific Conductance 
Specific Conductance is an indicator of the total dissolved solids in water.  
Salinity can be calculated from Specific Conductance and Temperature.   

Salinity values in the lake range between 0.8 and 2.2 ppt. 



Temperature 
Temperature is driven by daily, seasonal and 

climatic events. 



Dissolved Oxygen 
Low dissolved oxygen events known as hypoxia 

can have a negative impact on fisheries, the 
state standard for DO impairment is <4.0 mg/L 

Presenter
Presentation Notes
This data shows a diurnal fluctuation in dissolved oxygen in the lake measured in milligrams per a liter.  This measurement is driven by photosynthesis by both submerged aquatic vegetation and algal.  The basic law is that plants will release oxygen (in this case into the water column) when they the energy from the sun, carbon dioxide, nutrients, and water to create sugars and oxygen.  Plants are more productive during the day when there is more available sun light and warmer temperatures. Low dissolved oxygen events occur when a system is dominated by algae because the lifespan of algae is short.  When the algae die, they fall to the bottom and are eaten by bacteria that need oxygen.  This is the cause of low dissolved oxygen events in water bodies.
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pH 

pH (parts Hydrogen) is a measure of how acidic 
or basic a sample of water is.  High pH is caused 

by excessive plant photosynthesis.   

Presenter
Presentation Notes
Continuous water-quality data suggests the lake has a lot of plant activity on both sides.  This is why we see daily fluctutions in pH.  Plants need CO2 for photosynthesis.  Plants use CO2 in the form of carbonic acid in water.  When plants use carbonic acid (an acid) the pH of the water goes up.  This is why there is a state standard for pH of 6-9.0,  High pH is an indicator of harnful algal blooms.
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Turbidity 
Turbidity is a measure of water clarity.  High turbidity can be 

caused by algal blooms or sedimentations. 
Turbidity often increases during the winter at Lake 

Mattamuskeet and was higher on the east.  The state standard 
is 50 NTUs. 

Presenter
Presentation Notes
Turbidity is a measure of the refraction of light as it passes through a sample of water, which is caused by the scattering of the photons. This scattering can be due to a variety of causes, however the turbidity standard was created as an indirect measure to protect aquatic wildlife uses from excessive sedimentation and excessive algal blooms.



Hurricanes and storms increase wind and run-off:   
High turbidity measurements occurred during Hurricane 

Sandy 

Presenter
Presentation Notes
Extreme run-off and wind event that increased turbidity levels in lake



Wind speed and direction were added to platform in 
March 2013 to help with data interpretation 



Summer Water Quality Data 

Mattamuskeet West Data 

Mattamuskeet East Data 

Presenter
Presentation Notes
The daily fluctuations we see in pH, Temp, and DO are due to plant productivity from both algae and SAV



Water quality changes from summer to winter 

Mattamuskeet West Data 

Mattamuskeet East Data 

Presenter
Presentation Notes
In this slide, we see how turbidity increases and DO and pH decreases when the lake shifts from a summer state to a winter state.  You can use NWIS web to look at all 3 parameters at once.



USGS is a partner in cooperative water-quality 
sampling on a bi-monthly basis 

Physical Data Chemical Data Biological Data
Dissolved Oxygen  (mg/L) NH3 as N (mg/L) Chlorophyll  a  (ug/L)
Water Temperature (C°) TKN as N (mg/L) Phytoplankton
pH (s.u.) NO2 plus NO3 as N (mg/L)
Conductivity (umhos/cm) TON as N (mg/L)
Secchi depth (m) TN as N (mg/L)
Salinity (ppt) TIN as N (mg/L)

TP as P (mg/L)
Total Solids (mg/L)
Suspended Solids (mg/L)

Turbidity (NTU)



If saltwater intrusion is a concern, 
what are the potential sources of salt 

water? 
• Flow from the canal to 

the lakes due to: 
– Wind events blowing 

water from the sound 
to the lake 

– Flow from the sound 
to the lake because the 
water level in the lake 
is lower than water 
level in the sound 

• Groundwater intrusion 



If eutrophication is a concern, what 
are the potential sources of nutrients? 
• Elevated nutrients, 

particularly phosphorous in 
the lake sediment  

• Atmospheric deposition 
• Run-off from agriculture 

and waterfowl 
impoundments 

• Groundwater inputs from 
agriculture 

• Nutrients being retained 
due to poor drainage of 
the lake  
 



USGS recommendations for future 
science 

1. Quantify water movement in the outfall canals 
2. Develop a water budget for the lake that quantifies: 

• Lake water inputs from precipitation, groundwater, 
and drainage and outfall canals 

•  Lake water loss from evapotranspiration, outfall 
canals, and groundwater 

• Develop a salinity budget for the lake 
3. Quantify the sources of excess nutrients in the Lake 

and determine if they can be managed 
4. Develop a management plan for Lake Mattamuskeet  

restoration based on the best available science 
 



Project Benefits 

• Provides Lake water-quality data in real-time. 
 

• USGS staff collect water-quality samples monthly when 
they service instruments.  
 

• Provides real-time information to target collection of 
other important water-quality data such as Chlorophyll 
a and nutrients. 

  
• Ensures data quality and long-term, on-line, data 

access in USGS databases that are publically available.  
 



Questions? 
 

Presenter
Presentation Notes
If there are no questions, I would be happy to provide a demonstration on how you can access real-time data on the USGS website.
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