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Overall Objective of Research

Specific Tasks
e Estimate nitrogen load to estuaries

 Determine eelgrass extent along N
gradient

e Construct nitrogen load-eelgrass
response models, including application
of appropriate scaling variables
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Estimation of Nitrogen Load to Estuaries

N Source N Source
Atmospheric Deposition (w+d) Fertilizer Application

Watershed Surface

\ 4 v \ 4 LA / v v
Natural Vegetation Turf Agriculture/Horticulture Impervious-roofs/driveways Impervious-roads/lots/runways

65% retained in plants & soil ||62% retained in plants & soil ||162% retained in plants & soil ||62% retained in plants & soil |[0% retained in plants & soil
39% fertilizer lost as gases 39% fertilizer lost as gases

35% trapsported 38% trapsported 38% trapsported 38% trapsported 100% trapsported
61% transporged (fertilizer) 61% transpojted (fertilizer)
| Watershed Subsurface N Source
Wastewater
Vadose Zone
61% lost
39% tra}nsported
v 60% trgnsported
ACIUifer Zone < 66% transported
35% lost
65% transported
\ 4
Marl ne Embayment Source: Modified from Valiela et al., 1997
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Atmospheric Deposition to Watershed

e < 20,000 kgN vr-1
¢ 20,000 - 65,000 kgN yi1-1

@ 65,000 - 150,000 kgN vyr-1

@ 150.000 - 300,000 kgN y1-1 —

@ 300.000 - 1,303,067 kgN yi-1
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Fertilizer to Watershed

e < 15000 kgN yr-1

e 15,000 -45000kgN vyi-1

@ 45,000 - 100,000 kgN yr-1

@ 100,000 - 200000 kgN y1-1 - \

@ 200,000 - 764,852 kgN y1-1 g
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Wastewater to Watershed

Tatron ot iNttroc

¢ <12,000 kgN vr-1

® 12,000 -40,000 kgN yi-1
@ 40,000 - 80,000 kgN y1-1
@ 80,000 - 160,000 kgN vr-1
@ 160,000 - 375353 kgN yi-1
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Estimation of Nitrogen Load to Estuaries

Atmospheric Deposition to Watershed

Agriculture/ Impervious Impervious
Input Natural Vegetation Turf Horticulture Roofs/Driveways Roads/Lots/Runways
% retained % retained % retained % retained
ug/L or or or % retained or or
transported ug/L |transported ug/L | transported ug/L transported ug/L | transported  ug/L
Atmospheric Deposition (w+d) 100
Retained on watershed surface 65%| 65 62%| 62 62%| 62 62%| 62 O%I 0
Transported to Vadose zone 35% 35 38% 38 38% 38 38% 38 100% 100

Watershed Sub - Surfac

e
Loss in Vadose Zone 61%| 21 61%' 23 61%[ 23 61%| 23 61%| 61

Transported to Aquifer 39% 14 39% 15 39% 15 39% 15 39% 39

Loss in Aquifer 35%| 5 35%| 5 35%| 5 35%| 5 35%| 14
Marine Embayment
Transport to Marine Embayment 65% 9| 65% 10| 65% 10| 65% 10| 65% 25

Natural Vegetation includes: forests, wetlands and other natural lands

Turf includes: lawns and golf courses

Agriculture/Horticulture includes: croplands

Impervious Roofs/Driveways include: roofs and driveways adjoined by turf

Impervious Roads/Lots/Runways include: roads, runways and parking lots that discharge into catch basins

Similar reductions for wastewater and fertilizer nitrogen
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mation of Nitroaer

Watershed Atmospheric Deposition to Estuary
<2000 kgN y1-1
e 2,000 -7.000 kgN yr-1
@ 7,000 - 15,000 kgN v1-1
@ 15,000 - 32,000 kgN y1-1
@ 32.000 - 121.782 keN y1-1

L
3

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




)
)
-

N L.
I

e
Q
-l
Q

|

— b b o o L
o UITTAUlO11 Ul
Fertilizer to Estuary

e <2,000kgN vi-1

2,000 - 6,000 kgN yr-1

6,000 - 15,000 kgN vr-1

15,000 - 30,000 kgN yi1-1 _
MA _

30,000 - 100,981 kgN yr-1 !
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Estmattonoth

Wastewater to Estuary
< 7,000 kgN yi1-1
¢ 7,000 - 18,000 kgN vyi1-1
@ 18,000 - 40,000 kgN vi1-1
@ 40,00 - 100,000 kgN yr-1 - :
@ 100,000 - 359800 kgN y1-1 ‘

CT

N

Kilometers
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Estimation of Nitrogen Load to Estuaries

500,000
= 400,000
2>
Z y =0.771x
(@) 2 —

r-=0.870

2 e

300,000 p<0.01 n=35 150,000
= N
-
<
O 200,000 | 0
Ll *
< .

. 50,000 . . * y = 0.884x
| ‘ .
100,000 ¥ 0601
K p< 0.01 n=34
° 0 | 50,600 | 100:000 | 150,0¢
O T T T T T T
0 100,000 200,000 300,000 400,000 500,000
SPARROW (kgN/yr) .
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Atmospheric Depostion to Estuary Surface
e < 1,200 kgN vi1-1

1,200 - 3,600 kgN yr-1

3,600 - 9,000 kgN yr-1

9,000 - 18,000 kgN yr-1 -

18,000 - 41,163 kgN vi1-1

CT

Kilometers

Atmespheric
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Estimation of}\litrogen Loadlsto Estuaries

NH

Total Nitrogen Load to Estuary (un-normalized)
« = 12,500 kgN / Year %
e 12,501 - 30,000 kgN / Year
® 30,001- 60,000 kgN / Year
@ 60,001-100,000 kgN / Year
@

VLA

100,001 - 365,425 kgN / Year

( -

Filom eters
-

0 3101520
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Estimation of Nltrogen Load to Estuaries

1000000 -
f e f
100000 3 * E
10000 3 E
1000 7 E
: : Total Unnormalized
e 1 Nitrogen Loading Rate to Estuary
100 3 3
_ . _
10 T
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Estimation of Nitrogen Load:to Estuaries

s NH
Total Nitrogen Load to Estuary (Area)

<90 kgN ha-1y1-1

90 - 200 KgN ha-1 yr-1
200-499 KgN ha-1yr-1 o &
499 - 1229 KgNN ha-1 yr-1 S h
1229- 3312 KgN ha-1 y1-1 '
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Estimation of Nitrogen Load to Estuaries

10000 ] .
[
[
1000 5 ® .
Areal Nitrogen Loading Rate To Estuary
100 E E
10 T
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Estimation of Nitrogen Load to Estuaries

BRC BHC GCC HRC Jcc MCCA MHC NB% PCC
/ t
Sﬂ\

J ccMm CPM FHM
GHM HHM \ HPM JPM \ KBM LPM LMM LBM LTM

PAC PRC ACM } AOM BTM

]

|

LHM MDM MBM MRM MHM MGM MPM NHM OBM
i Atmospheric
CCM Depaosition
PHM POM QHNA SLM SAM SHM ST™ A\ TCM }X TPM k fo
/A J/ F \V } J Estuary
WEM WWM WRM WHM WCM AHR ACR

| Atmospheric
S C ition

through
Watershed

Fertilizer

BCR BHR CSR EBR t FWR FUR

GNR GPR § GBR

KRR MCR NVR NHR NPR OHR PCR h SHR

N

VHMF ) >3
k
|

WCR L WHR
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Determine Eelgrass Extent for Each Estuary

Source Data Overview:

State Description Collecti | Sourc Base Data Process Example:
on Date e )
MA Data layer compiled 1995, MA-
from aerial 2001 DEP
photography collected i
in 1995, 2001 < '
o WEST FALMOUTH
RI Delineated from 2006 | Summer RIGIS S : ]
aerial photography. 2006 4 Base with Eelgrass
coverage overlay
CT Delineated form 2006 Summer USFWS
aerial photography of 2006
a portion of CT
coastline.
Geoprocessing Workflow: e
I | = 5
| ;
State coverages are collected. .
metadata is reviewed to ensure Processed Shapefl le
it meets programmatic QA general o
guidelines. I:,I;:::.,..
B o5 ann ot
[ Jesamy
Local geodatabase created bty
or updated. Base coverage | <C ":: QA Process
data added.
A
A4
Geoprocessing: Seagrass Layer
Clips, intersect, dissolve il =
(if necessary), ! ) o
18

calculation, exports
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Construct N Load-Eelgrass Response Model

100

90

SAV area normalized
a0 N load: un-normalized

*e

70

60 -

Eelgrass Extent (% of area with 0.5-3 m depth)
¢

¢

R 2 e S S

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000
Kg N yr-1

19
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Construct N Load-Eelgrass Response Mode

Eelgrass Extent (% of area with 0.5-3 m depth)

100

(o]
o

80 A

70

60 -
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100

Short and Burdick (1996)

o5 Log(y) = 1.648 - 0.000044x 2 — 0.888

SAV area normalized
L . .
o N load: normalized area

¢

O 1987
o & 1988
o 1980

EELGRASS AREA (%)
s
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Construct N Load-Eelgrass Response Model

; ) Little Narragansett Bay Childs River
Mashpee River Quashgret River
100 1 s Mystic Harbor ¢
Clinton Harbor Langstone Harbor
r L 2
T e <> Niantic River *
RER
80 6_<> Cockburn Sound
L 4
T ©
L 2
" Ot closed symbols represent our study results
» ampa Bay
o L R 4
- 60 O Mumford-Cove
@ P N
© ¢
g 0<> G ea?South Bay ®
% IRBR3
X *
L 2
40
Hamblin |Pond L 2
T Sarasota Bay
harlotte Harbor
IRBR2
20 T
< nfn's Pond
e Lot Pond
<>J hu Pond
0 RLo o e
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
N Loading Rate, kg N ha-1yr-1 21
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Construct N Load-Eelgrass Response Model
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Other Statistical Analyses? (CPA)

0.8 1.0

0.6

eelgrass extent fraction of total habitat
0.4

0.2

0.0

Scatterplot Cumulative Distribution Function Conditional Probability
e | © e
- — ™ ® @® O o
o
o «© _| «© |
o o
-«
\"
Qo
[
e
° g
S
© _| o 9 _|
o E o
%
$ o
2
o 2 ,)
: ¢ ||Threshold =70
2 resnold = :
< o <
oS 7 S o]
a
©
c
RSl
£
o
(@)
o
N N
o 7 o 7]
o
%% — All Sites
%°° -=-= Unimpaired Sites ©  Conditional Probability
ol Impaired Sites o — Confidence Intervals
® Pwmp 00 @ o o S S
T T T T T T T T T ™V T T T T
200 400 600 800 0 200 400 600 800 0 200 400 600 800

N loading rate (kgN ha-1yr-1) N loading rate (kgN ha-1yr-1) N loading rate (kgN ha-1yr-1)



Other Statistical Analyses?

o - -
i Deviance Analysis
O
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Next Steps

Nitrogen Loading

* Incorporate watershed sinks (e.g., lakes, ponds)

« Distinguish water edge loading from far-field loading

* Include updated landuse data

* Provide output for wet, dry, and average years

e Include more data comparing AED-NLM with SPARROW or other models

Eelgrass

» Look at data from RI more carefully (low load - low eelgrass)

* Incorporate factors relevant to eelgrass response (water clarity, substrate
type, habitat requirements)

« Evaluate in situ measures of eelgrass condition or extent along N gradient

Overall: Try to answer the question of how these data and analyses
may be used in the context of developing nitrogen loading limits
(loading based criteria) for estuaries?

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



	Developing �Nitrogen Load-Eelgrass Response Relationships �for �Small-Medium Sized New England Estuaries
	Overall Objective of Research� To construct nitrogen load eelgrass response models for small-medium sized New England estuarie
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Watersheds
	Estimation of Nitrogen Load to Watersheds
	Estimation of Nitrogen Load to Watersheds
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Estimation of Nitrogen Load to Estuaries
	Determine Eelgrass Extent for Each Estuary
	Construct N Load-Eelgrass Response Model
	Construct N Load-Eelgrass Response Model
	Construct N Load-Eelgrass Response Model
	Construct N Load-Eelgrass Response Model
	Other Statistical Analyses? (CPA)
	Other Statistical Analyses? �Deviance Analysis
	Next Steps

