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Anthropogenic N Loading

« Cultural N
Increase

e Terrestrial N
saturation

 More N entering
ground and
surface water

Mulholland et al., 2008

Schipper, 2009



Land use has a significant effect on NO5™ concentration,
P<0.005

Mulholland et al., 2008



20-25% of N added to biosphere is exported from rivers to ocean
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Hot Spot Hypothesis

(Tiedje et al., 1984; McClain et al., 2004; Groffman et al., 2009)

 Denitrification focused in select, localized settings
and thought to be a function of:

— Pools of labile C
— Extended residence time



Function of Vegetation in Riparian
Zone

Boundaries of Ripanan
Zone

SITE

above ground-
above channel

RIFARIAN VEGETATION

COMPONENT
canopy & stems

FUNCTION

| Shade-controls temperature &
In stream primary production

2. Source of large and fine plant

detritus
3. Source of terrestrial insacts
n channel large debris I Control routing of water and
derived from sediment
riparian veg. 2. Shape habitat - pools, riffles,
N Cover
R R BT 3. Substrate for biological actvity
o G ] streambanks roots I Increase bank stability
AR VORI AU iy 2. Create overhanging banks -cover
IR T g
flioodploin stems & low | Retard movement of sediment,

lying canopy

water and floated organic
debris in flood flows

Naiman and Decamps, 1997



Woody Debris

e \Woody debris results Iin
longer residence times

 Provides habitat for fish and
macroinvertebrates

* Retains plant seeds and

fragments, protects them from erosion and
herbivory

« Offers protection for small mammals and
birds

Naiman and Decamps, 1997



Woody Debris

« Accumulates during floods In piles

e Each pile has one “big” piece that traps other
smaller pieces, increasing pile size
e Can find 160 piles per km of stream

* Piles affect streams
 Dissipating energy
e Trapping moving materials
e Forming habitats
* Redirecting water currents
to create erosional and
depositional environments

Naiman and Decamps, 1997



Streams may be important N sinks

 Hydrological connectivity with terrestrial
systems

 Biological activity
e Streambed
sediments

Mulholland et al., 2008



Denitrification increases with soil organic matter
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Watershed mass balance studies suggest
considerable disappearance of N in landscape sinks
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Denitrification

NO,” > NO, >

water soluble gases

e Anaerobic
e Heterotrophic (requires organic C)
e Microbes, C, and N must mix



Research Interests

* \What is the effect of fresh inputs of woody debris
on nitrogen cycling in streams?

* What is the effect of biofilm on N cycling in streams of
differing N enrichments?

* How do woody debris influence N cycling in zones of
extended retention times (i.e. beaver dams, river
Impoundments, natural pools)?

example of biofilm



Evaluated denitrification rates from 3
different substrates In two locations

Fresh Red Maple
wood blocks

Woody debris
naturally found in
stream

Ceramic blocks

All in stream for 9
weeks; developing
biofilms
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NO3-N: 8.6 mg/L
(agricultural)

sun

No riparian buffer

0.2-0.5 m depth

NO3-N: 0.47 mg/L
(suburban)

shade

Forested riparian buffer

0.5-1.0 m depth
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Methods

Nitrate disappearance rate

ACEterne BIOCk (Yoshinari and Knowles, 1976)

* Blocks N, from forming
* Estimates DeN by assessing N,O

1SNO; N tracer

* Heavier isotope used to trace DeN that occurs in
mesocosm

Incubation samples at time 0, 1.5 hrs, 3 hrs,
and 18 hrs

Both methods were used on all substrates In
oxic and anoxic environments

Rates expressed in ug/cm=2 hr-1



Methods 2

e C:N ratios of wood and biofilms
e Mass of biofilm

example of biofilm
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Future Work

 Examine role of beaver dams in N
attenuation and cycling
— Routine supply of fresh wood
— Accumulation of organic matter
— Beaver populations increasing

e Exploring methods for field and lab
components



Acknowledgements

URI

Art Gold

Kelly Addy

Q Kellogg

Mat Lautenberger
Lauren Creamer
Erin Markham
Alisa Morrison

Hydrology Lab

Pete Groffman

EPA Franklin and Marshall College
Paul Mayer Dorothy Merritts

Ken Forshay Robert Walter



http://www.nrcs.usda.gov/
http://www.nrcs.usda.gov/accessibility.html

§§§§§§§§xxxxxxxxxxxxxxxxxx

S
Ul
Gl
Gl
Ui
Gl
Gl
Glni
i
Clnii
Ut
it
i
ilii
Conin

it
it
it
it
it
it
g
it
it
it
it
i
i
o
L
L
o

R R S T S I e S
R e S S B R I e R
I e
I L R R
R I e R L e S L e
G R L R S L e

it
it
it
it
it
it
i
it
it
it
i
o
e
L
L
o

et
bt
et
bt
ot
bt
bl
bl
bl

S

et
el
Lot
ot
bl
bt
bt
.
m SEENN IR B

ot
et
et
el
Lot
bt
et
Lol
bl
bl
bl
bl

b
b

B
SR

SR naa

SR naa
SRR e

ot
ot
et
et
et
et
bl
et
ol
bl
bl
bl
bl
bl
bl
bl

L e e s L s s L
SEdm e e e e
G R L SRR R e L s e
L L D e S D e L L s e
Sl e e e
L L e L e S L e S I e
G R R e L s R e

SEaRs s

Lot
ot
ot
ot
Lol
I
Lol
ol
b
Lol
Lol
Lol
o
o
o
o
o
&
&
&
e
&
&=
&

L
.
e
i
i
i
i
i
i
i
i
i
i
i
o
o
o
i
i
i
o
i
i
i
i
i
i
i
i
i
o
a
o
o
o
o
a
=
o
2
o
o
o
o
o
o
2
o
o
2
2
2
2
2
2
2
=
2
2

Sl e e e
L L L e L e e
L L e L e s s e

o
o
.
: OE 0P K0P 0P 40

R

SEnnas e s
SRR
SEnanRs iR

ot
ot
b
b
b
b
i
e
o
e
o
b
e
e
e
P
e
e
e
e
e
P
e
e
e
e
P
L
L
=

&
Lol
il
Ll
Lol
&
Lol
o
o
o
o
o i
Ll i
L i
L i
L i
&= i
&= i
= i
&= i
= i
& i
&= i
&= i
= i
&= i
&= i
=

=

=

SEnal e
i e

SEns

Lol
il
Lol
il
Lol
Lol
il
il
b
Lol
o
o
o
&
&
&
&
&
&
&
&
&
=
&
&
&=
=
=
=
=
=
=
=
=

Lol
bl
bl
bl
bl
b
b
e
e
e
e
e
P
B
P
B
P
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
P
L
=
=

o e e
STt e
SEnaaia e

ot
ot
Lot
I
il
il
il
Ll
Lol
il o
L i
L i
o i
o i
& i
o i
L o
& o
L i
& i
= i
&= i
= i
= i
&= i
= i
= i
= i
= i
= i
= =
&= i
= i
= =
= i
= =
= i
= i
= i
=

=

Lot
I
ot
I
i
it
Ll
i
ot
L
il
&
P
o
&
&
&
&
&
&
&
&
&
&
&
=
=
&=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

AR e e T

S e e e e e SRR
S e e e e e SR
S e e e SEmmmEm
S e e e P
e e e e e e mbEnEEnEnD
S e e e e SnbEnEEnEnD
e e e e nEmnnEnRnT
e e e nbEEnnEnRnT
e e e e e EbnEnnEREnT
e e e s e SnbEnnEnEnD
e s e e e nEEnDEnEnT
e e e e e mEnEnDERRRT
s e e e mEEEnTEERRD
e e s e e SEEEnDEEERDED
e s e SEEEnnEREEDED

e e e e
e e e e
e e e e
e e e e
e e e e
L D e N E L e R LR E L R e Bhe e
e e e e
e el LoD s e R E s LR e e R D
e el e L s e s L R e R Es s o
L i ml e il sl s LR n L R hn e s
L L Rl L s R e L R e e hs
L L LRl D Rl LD e e R LR D e
L L L nll L il R R L e R Ll D hnn
D L Bl Rl NIl s R e e L e D B hs s
L L Tl Rl LT s e i LR e e s Dhe s nns
L T LoD s e R LR e e Lt e nns
e Lol s e iR D n s o he R R
L L Nl Ll s DR s s R e Dn s Dhe L n DL
SEEEnEnEna s L LE L LR L R LR e R R D hnl s DLt
EEEEnEE T T IIEE IR s R R e D hn s hs L n s e
SEEEnEE T L EEE T R R E s S Es R D hnl L a0
SEEEnEE T L LEL L R E s R e ns R Dhn L e s
SEEEEnn L LR L s N R DR R D ain s R el Dhnl s nnn
””””””WWWWWW%% BTNl R DR Rt el R D nn s Dhinl s s
S EE I E e B LEE s R R R L e Dhn s En L n s e
EEE N E e B EEE s NIEE s R s Es e LRl DR D hnl e
SEEEnEERE N EEE R T Dn T s D nl s R LR s e
SEEEnEERER IR n BRI R R LR R e L inn s R DR Dhn s s
SEE R E e BT R R LR e R E LR e nE D nnn s e
T B LEL N R R R E L i R E s D hiE L s D ns e
EEE R E e BT LNEE Rl R R DR Dhn s R Es DR DhEl s an sl s
SEEEn R E e B EEE s NIRRT R s Rn s L n . Dhnl L Dhn D nE s LRl s
e L EEE s R R En L s R Es L En s LRl DR e s nnn
SEEEnEENE s L IEE R LR LR R R D nl s R LnE L Dhn s s e
SEEREnaananIaT oo L LLEL R R LR e LR L iE s Dn D nEs L ann s Dl e
SEEEnEaNE N EEE R LR LR e LR LR Dn D R L nn s s s e
SEEEnEaNE s L LEE R R R D R ns L RE s DR s nns L n s D
SEEEnEaRE B LEE Ll RRET L R R n s LR e DEn L nns LDl Danl s s D R
SEHEnEERanaET 0 N LEE s R R LR n . Din L R R E s s e e
HEEEnEauEn s e LEE s R R L e e R s nEs s e e
SEEEnEEIanan o N LEE L NEEL D e s LR n s L Ln L LRl e nan L nnn R n e
SEEEnEEaEnan L EEE S R Rl LR L nn . LR s s s s e
EEEn Ry BT R L EE s R s R DR R nn s Dn D R n s LR

b
b
b
i
B
E
i
B
i
-

ot
ot
ot
Lot
Lot
b o
Lot i
il b
P i
Ll o
o i
i i
& i
& i
& i
& i
L i
&= i
& i
= i
&= i
&= i
= i
&= i
= i
= i
= i
= i
= i
= i
= =
= i
= i
= i
= i
= i
= i
= =
= i
= =
= =
= =

EEEnDERnEEEnD
EnEEnRREREEEED
EnEERERnERTEEED
EnNRLaRERTEEEnT
EnERnanEnnEEEnT
EDERnaEEnTEEEnT
EnERLaEEREEEEnT
EENRLEEEREEEnT
SEnERLaEERTEEEnT
EEnEnRLaEERTEEEnT
EDERLaEREREnT
mEnNnnEEERnERERn
mEnnnLEnnERnERERn
mEnnnnEnEnnEEERD
EDnnnNEEnRERnEEED
EEnnNEnnnERnaEED
EEDEnnNEERnERnaEED
EEnLNEnERERnaEa
mEDnnLNEnEREREaEa
EnEnnNEEnnERn R
EEEnnaEEERERnaE
mEnnnnNnEnnERnaEED
mEEnnEREnnaEREaEED
mEDnnnNEEnnaRnaEaD
mETnnnaEnnnaRnaEaD
mEnnnnNEnnnaRnaEa
EEEEnLNnEnERnaEaaT
mEEnnLNnEaEaRnananT
EEEEnnNnEnEERnaEaaT
EHEnnLNnEnEERnaEaaT
EHEEnLNEnEnaERnaEEaT
EEEEnnNnEaEERnaEEnT
EHEEnnNEEanaIRnaEanT
EEEEnLNEnanaRnaEaaT
EEEEnnNnEanaIRnaEanT
EHEEnLannEnaIRnaEaaT
BHEEnnaEnanaRnanaaT
EHEEnLNEnanaIRnaEEaT
EEEEnNEnanaRnaEaaT
EHEnnnNEnanaRnanaaT
EHEnnnNEnanaRnaEaaT
EHEEEnNEnanaIRnaEaaT

SEnin e

ot
ot
ot
ot
ot
Lot
Lot b
Lt i
Lt o
Lot i
Lot b
Lo o
i i
& i
L i
L i
L i
= i
& i
o i
= i
= i
= i
= i
& i
= i
= i
= i
= i
= i
= i
= i
= =
= i
= i
= i
= i
= i
= =
= i
= i
= &=
= =
= =
= =
= =
= o
=

ot
ot
ot
ot
ot
Lot
Lot
Lot
Lot
Lot
Lot
Lo
o
Lo
o
L
&
&
&
o
=
=
&=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

SEmnaia e
SR
SEnaE

bl
bl
bl
bl
bl
bt
bl
Ll
bl
bl
b
b
b
b
b
P
e
e
Bt
L
B
L
B
Bt
B
L
B
L
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
L
L
=

SRl
SEneia e
SENnaia
R e e e e e e e e

Lot
i
et
et
ot
ot
Lot
ot
et
Lot
Lot
Lot
P
Lot
Lo
&
Lo
Lo
Lo
=
=
=
=
=
L
=
L
=
=
=
=
=
=
=
=
=
i
&
=
=
=
&
=
=
=
=
=
=
=
&
&
=
=
&
&
=
&=
=

SEnaR e
SENnta
SENnaal e e
SENnE e s
SENnNa e
SEmsEE s
SENsa
SR aEN
SENnaa R s e
SENsaENS T e
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%ﬁ%mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ&&ﬁﬁ
SNSRI
SENsIal R e e e
SENsaNT R e
SRRl e R e R

SENssaN R e e e

L
Lt
e
L
bt
bt
bt
bt
et
et
et
L
P
Lt
Lt
Lo
L
bt
b
L
L
b
L
b
L
b
b
=
=
=
=
=
=
=
=
i
=
=
=
=
=
=
=
=
=
=
=
o
&
&
=
=
=
=
=
=
=
=
=
=
=
=
=
=
&
&

L
L
L
L
L
L
L
o
o
L
L
L
o
o
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
o
2
2
2
2

L
L
e
e
e
b
i
L
bt
Lt
L
Lt
L
L
L
L
Lo
L
b
b
L
L
b
L
L
i
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
i
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

e
L
L
e
e
b
b
£
b b
e L
L b
L L
L e
Ll i
Lt i
Ll o
L i
Lo i
Lo i
Lo i
b i
= i
L i
L i
L i
= i
= i
= i
= i
L i
= i
= i
= =
i i
i =
= i
= i
= i
= i
= i
= i
= i
= =
= =
= =
= =
= =
= o
= i
= o
= =
= =
= =
= =
= i
= o
= o=
= i
= i
= =
= =
= =
= =
= =
= =
= =
= =
= =
= &
= o
= &
= =
& =
= &
= =
=

L

e

et
L Ll
L bl
L bt
b Lt
e Eta
b b
L Ll
e bl
L b
L bt
e Lt
i b
e L
b bl
L b
L bl
Lo b
L b
L b
b b
L b
b b
L b
= b
L b
i b
i b
i b
L b
= i
= P
= b
= L
= b
= i
= i
= P
= i
= e
= i
= i
= e
= i
= i
= e
= L
= L
= L
= L
= e
= L
= e
= L
= L
= L
= L
= L
= L
= Ea
= P
= L
= Ea
= i
= P
= i
= i
= P
& P
= B
& Ean
= Ea
= B
= P
= b
= b
= E
= En
= B
= Ea
& B
Ea
B
b
B
=
=

Lt
b
L
b
L
L
£
e
e
b
£
e
i
i
i
i
i
i
i
i
i
i
i
i
i
L
L
i
i
i
=
=
=
L
=
=
=
=
=
=
=
=
=
=
=
=
=
=
i
o
=
o=
=
=
=
=
=
=
=
&
=
&
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
i
5
=
=
=
=
=
=

SENsaalN SRR e e

L
L
L
L
i
hi
Sha
i
i
i
b
L
b
b
b
L
b
L
L
L
L
b
L
L
o
oo
L
oo
oo
o
o
L
oo
o
oo
i
i
L
o
o
o
o
i
o
L
o
o
o
o
o
oo
L
oo
oo
o
oo
o
o
oo
o
o
o
oo
oo
oo
oo
oo
i
o
o
o
oo
oo
oo
oo
L
oo
oo
L
o
oo
oo
oo
oo
L
oo
oo
oo

SENsasal R e e

SEEEnaEuanan ) e BT R LR LR R E s D Lin s Dain L nEs L aEn s e D R e EEELnLNEnaEIRn R nan.
SEEEnERaEnan L n e e e e e e e e e
EEEEnEEE e e e e e e e e e

SENEnEEE e N EEE R s L Rn s LRl D he L R LR n s LR e L s R L LR R D
SEEEnERNE s L EEE Rl R T LR D he R En R LR e e L R E e
SEEEnEERE L s B EEE R R LT DR Dhe L R En L En L LR L s L R R L
SEEnEEE s BTN R LT DR D he L En D LEn L LR L L LR R L na
BENEnEEnEE L EEE R R R E s LR e R R e RN E R
EEEnEERE L TR R LR R D he L R En R e e L R R R n
SEEEnEERE e B LEEL R R L En . LR D he R D EE L R L L R L LR R L an
SRR R RE e B LEEE R R LRt R Dhe L R R R L L R E LR R e n
S EEnEERE e L EEE L R LR R D he R Es R L n L e L L R E R R LD
SRR R R e B ENET s R LR e e R LR L E e L R R L a
S EEnEERE BHET RN s R LR n L e D he L R LR R e L L R R L an
SRR R ERE e BHEL LIRS N s R LR n L R D he L R Es LR n L LR L R R R
S BHaL IR R R LR n L LR e R LR R e L R R R
R e BHEL RN R e e D he L R Es LR L E e L R R n
SRR EE e BT ENEL L Rl E s L e D he s R Es LR e e R R R
SEREnEERE R BHELLENEE N s R e L aa s Dhe L R LR L E e R n R n
SEERnERaanaa B EEE R R R D aE s R R R e e R a R aaaT
SEmEnE R e e e
SEmEnE R N EEE R R R e R L R e L LR aaaT
SEmEnE R BRI R E R L R L aE s D he L R LR e R E LR
EEEEnERRRnaa B LEEE L N E s R e e R e R E R n
SEEEnRERE R R R R R L L e R En LR n LR
SIS R R G R
e e s e e Ll e L R L R n I anT
e L N ae e Ll e R L R a T
e L e e e e R R R n T
e L e e Ll e R R L R n T
s e e e e L R
e e L e L R
e L e L R
L R
L L L an R
L L R
L L L L nannnanaa
L L L e
L L R
L L R
L R
L e
L e
L e
L L
L e
L
e
e e
e e
e
e e
e e
L e e
e
e e
e e
L e
e
L e
L e e
L L e
L e e
L e
L L e
L L L e e
R L L e
L e e e
L e e
e e
L L e
L L e e e e
e e e e
L e e e
L L e R i e e L R e L e e

R R R R e s R R R R R R R R R R R e e e e e
e e e e e ﬁ

e e e R R R R R R R R e e e e
L e e e

Simi s
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&

R R R e e
mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ&&&&&&&&&&&&&&&

R R R e e
it ndogedededotadidadnintodedototatilndndadadogad ottt

rE



Nitrogen Ecosystem Services

|, Fisheries and Aquatic Habitat

Nitrogen

/ Food and Fiber Production

mE e

Drinking Water

Climate Regulation

| Y

ke

Air Quality

EPA. 2008



N removal decreases with depth
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