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BackgroundBackground
Numerous studies and modeling exercises have Numerous studies and modeling exercises have 
shown tight coupling between benthic and pelagic shown tight coupling between benthic and pelagic 
processes in shallow water ecosystems.processes in shallow water ecosystems.

With growing needs to better manage coastal waters With growing needs to better manage coastal waters 
efforts have been increased to understand the efforts have been increased to understand the 
pathways of benthicpathways of benthic--pelagic coupling.pelagic coupling.

In 1985 we began a series of sedimentIn 1985 we began a series of sediment--water flux water flux 
measurements of oxygen and nutrients (SONE) as measurements of oxygen and nutrients (SONE) as 
part of a long term monitoring program funded by part of a long term monitoring program funded by 
Maryland Dept of Environment, Maryland DNR and Maryland Dept of Environment, Maryland DNR and 
NSF.NSF.



MethodsMethods
SONE (sediment oxygen and nutrient exchange) SONE (sediment oxygen and nutrient exchange) 
experiments are usually conducted using one of experiments are usually conducted using one of 
two main methodstwo main methods

InIn--situ benthic metabolism chamberssitu benthic metabolism chambers

(TAMU) (Queensland Dept. of Natural Resources and Mines)



Intact Sediment Core IncubationsIntact Sediment Core Incubations

Bouma box corer

Plexiglas flux chambers



34 cm

Diameter
10.0 cm

DO Probe

Water sampling ports

Overlying water
(~ 1 L)

Sediment

Flux MeasurementsFlux Measurements

DarkDark
InIn--situ temperaturesitu temperature
Continuously stirredContinuously stirred
3 hour incubations3 hour incubations
Hourly samples :Hourly samples :

Dissolved OxygenDissolved Oxygen
Water TemperatureWater Temperature
DINDIN
DIPDIP



Flux chamber equipment aboard R/V Aquarius



Site VariablesSite Variables
Water ColumnWater Column
ProfilesProfiles

DO, T and SDO, T and S
TurbidityTurbidity

Bottom Water Bottom Water 
Water for flux Water for flux 
incubationsincubations
DIN and PO4DIN and PO4

SedimentsSediments
Eh ProfilesEh Profiles

Overlying waterOverlying water
1 cm intervals to 1 cm intervals to 
10 cm 10 cm 

SurficialSurficial Sediments Sediments 
(1 cm depth) (1 cm depth) 

ChlorophyllChlorophyll--aa
PC, PN, PPPC, PN, PP



Site LocationsSite Locations
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12 Tributaries12 Tributaries

124 Stations124 Stations

Chesapeake Bay, USA



Dataset GroupingsDataset Groupings
GroupGroup NameName TributariesTributaries # of Stations# of Stations

11 AnacostiaAnacostia AnacostiaAnacostia RiverRiver 1010
22 ChesterChester Chester RiverChester River 2020
33 ElkElk--NENE Elk, Bohemia, Sassafras, Elk, Bohemia, Sassafras, 

Northeast RiversNortheast Rivers
2020

44 ManMan--Big ABig A ManokinManokin and Big and Big AnnemessexAnnemessex
RiversRivers

66

55 PaxPax 9696 PatuxentPatuxent RiverRiver 99
66 PaxPax 9797 PatuxentPatuxent RiverRiver 99
77 PaxPax 9898 PatuxentPatuxent RiverRiver 99
88 PaxPax 9999 PatuxentPatuxent RiverRiver 99
99 PocomokePocomoke Pocomoke River and SoundPocomoke River and Sound 1212
1010 PotomacPotomac Potomac RiverPotomac River 2020

N = 372 observationsN = 372 observations



Site Variable RangesSite Variable Ranges
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Site Variable RangesSite Variable Ranges
Water Column / Sediment Water Column / Sediment 

VariableVariable
RangeRange

TemperatureTemperature 19 to 30 19 to 30 °°CC

Dissolved OxygenDissolved Oxygen 0 to 12 mg L0 to 12 mg L--11

AmmoniumAmmonium 0 to 40 0 to 40 µµMM

PhosphatePhosphate 0 to 3 0 to 3 µµMM

Sediment ChlorophyllSediment Chlorophyll--aa 11 to 223 mg m11 to 223 mg m--22
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ResultsResults

Previous studies had found good Previous studies had found good 
relationships predicting fluxes of dissolved relationships predicting fluxes of dissolved 
oxygen and nutrients using site variables oxygen and nutrients using site variables 
such as:such as:

Total sediment chlorophyllTotal sediment chlorophyll--aa
Bottom water dissolved oxygenBottom water dissolved oxygen
Bottom water temperatureBottom water temperature
Bottom water dissolved nutrientsBottom water dissolved nutrients
Sediment EhSediment Eh

Testing the larger dataset showed that these Testing the larger dataset showed that these 
relationships were more complex; simple relationships were more complex; simple 
linear models did not work!  linear models did not work!  



ResultsResults
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ResultsResults
Since complexity is the Since complexity is the ““name of the gamename of the game””
with this type of data, we decided to take a with this type of data, we decided to take a 
multivariate approach and utilize a multivariate approach and utilize a 
classification and regression tree technique classification and regression tree technique 

This is a nonparametric method and can be This is a nonparametric method and can be 
used to analyze either categorical used to analyze either categorical 
(classification) or continuous (regression) (classification) or continuous (regression) 
datadata



ResultsResults
Ammonium FluxesAmmonium Fluxes

Mean=285

N=309

Mean=152

N=140

Mean=396

N=169

Mean=309

N=121

Mean=615

N=48

Pocomoke
Elk-NE

Man-Big A
Pax 97
Pax 99

Anacostia
Potomac
Chester
Pax 96
Pax 98

Tidal Fresh 



ResultsResults
DO FluxesDO Fluxes

Mean=-1.80

N=324

Mean=-1.99

N=279

Mean=-0.64

N=45

Bottom Water DO < 2 mg L-1

Mean=-2.49

N=125

Mean=-1.58

N=154

Oxygen limited SOC; difficult to 
make measurement.

Pax 96, 97, 98, 99
Pocomoke
Man-Big A

Elk-NE

Anacostia
Potomac
Chester



ResultsResults
Nitrate + Nitrite FluxesNitrate + Nitrite Fluxes

Mean = - 25

N=323

Mean = - 86

N=69

Mean = - 8.4

N=254

NOx < 36 µM

Mean = - 152

N=23

Mean = - 53

N=46

Bottom Water Temp. < 26 °C

Mean = -199

N=14

Mean = - 78

N=9

PC < 3% (wt.)

Mean = - 96

N=16

Anacostia

Mean= - 2.5

N=238

Most of the time NOx
concentrations are low and 

flux rates are low. 

Flux rates increase when 
water temperatures rise. 

Flux rates increase 
when sediment PC 

increases. 

NOx starts fluxing into sediments 
when water column concentrations 

are > 36 µM. 



ConclusionsConclusions
Ammonium fluxes were higher in summer in more enriched Ammonium fluxes were higher in summer in more enriched 
systems, in years of higher rainfall and closer to urban systems, in years of higher rainfall and closer to urban 
areas.areas.

SOC rates were low or nonexistent when dissolved oxygen SOC rates were low or nonexistent when dissolved oxygen 
levels were low.levels were low.

Nitrite and Nitrate fluxes into sediments were related to Nitrite and Nitrate fluxes into sediments were related to 
concentrations in overlying waters (into sediments when concentrations in overlying waters (into sediments when 
concentrations were high).concentrations were high).

Classification and regression tree analyses show promising Classification and regression tree analyses show promising 
results for identifying relationships more complex than can results for identifying relationships more complex than can 
be captured by simple linear models.be captured by simple linear models.
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Water Column Blank Cores 1984 - 1997
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