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“APNEP Integrated Monitoring & Assessment
Overview

National Estuary Program (1987)
e APES (1988-1994)
e Strategic Plan: CCMP 1.0 (1994-2010)
e Indicators, adaptive management and STAC (2004)

e Monitoring & Assessment Teams: SAV, Water, Aquatic Fauna,
Wetlands, Terrestrial, Air, Human Dimensions (late 2000s)

CCMP 2.0 (2012-2022)
» Ecosystem-Based Management, four-step iterative cycle (2012)
e Monitoring objective, integrated monitoring action
e MATs second push (late 2010s)
CCMP 3.0 (2025-2030)
@““\mefp”’@ e MATS third push with increased state & federal $ (mid 2020s)
%  Integrated monitoring network pilot(s) (beginning 2025)
&= o Regional ecosystem assessment 2.0 (2025-2026) 2
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APNEP Integrated Monitoring Network Pilot(s)

Candidate coastal landscapes/waterscapes
e Currituck Sound & Back Bay

e Core Sound

Garner support

e Partner discussions

Establishing survey metrics & stations
e Tier 2 (field-based)
e Tier 3 (intensive monitoring)

S 8 . .
®| ¢ SAV monitoring strategy implementation
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APNEP Regional Ecosystem Assessment 2.0

Not starting from scratch (REA 1.0)

e 20 indicator metrics
e Status & trends (no reference values)

Status & Trends

e Reference values: blood pressure analogy
Diagnostics

e Ecoepidemiology

e Tier 3 insights
Forecasting

e Scenario-based

N % Comprehensive
e Terrestrial, Wetlands, Human Dimensions
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APNEP Mission

“To understand,
restore, and protect
the significant
resources of the
Albemarle-Pamlico
estuarine system.”

o, National Estuary
- i Partnership
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Ecosystem Assessment

Assess

Citizens Report Card

Comprehensive Conservation
Management Plan (CCMP)

Crowell

Implementation Action Plans
Ecosystem-Based Management

Carpenter
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Johnson
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APNEP Indicator Definition

“A numerical value derived from actual
measurements of a pressure, state or ambient
condition, exposure, ecological condition, or
measure of human health or wellbeing over a
specified geographic domain, whose trends over
time represent or draw attention to underlying
trends in the condition of the environment in the A-
P region.”
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APNEP Indicator Criteria

Utilization: Address a key process or property, and answers (or
makes an important contribution toward answering) an
important question about conditions in the A-P region

Objectivity: Developed and presented in an accurate, clear,
complete, and unbiased manner

Integrity: Underlying data should be characterized by sound
collection methodologies and data management systems
adequate to protect its integrity, and to comply with quality
assurance procedures

Availability: Data should be available and timely, or will likely be
available in the future, to maintain the indicator’s utility

Representation: Trends should accurately represent the
underlying trends in the target population

Clarity: The indicator should be clearly defined and
reproducible. The specific data used and the specific
assumptions, analytical methods, and statistical procedures
employed are clearly stated



Regional
Ecosystem
Model
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APNEP Objectives-Metrics Hierarchy

* Modules

» Categories
¢ Dimensions
e Metrics

11



APNEP Wetland Resources
Monitoring & Assessment (Phase I)

Develop a monitoring strategy for Wetland
Resource metrics within the APNEP region

Metric-specific monitoring proposals

Indicators to be featured in the 2012 APNEP
Regional Ecosystem Assessment

aarle-ps,
QM %{,9

= 12
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/ Wetland Resources Monitoring &
Assessment Team Representation

(Phase I)
* APNEP o NC-WRC
* NC-DENR o Federal
e DCM e COE
e DFR e FPA
e DMF e FWS
* DWQ e NOAA
e DWR e NPS
e EEP e USGS

e NERR o STAC/ Ex-STAC

13



Candidate
Wetland
Resource
Indicators

I: Land Cover

Category

. Dir Indicator

VI-A: Wetland In cid ents of Con cern

VILA-1: Altered Fire Regime inWetlands.

: VILA-2: Welland Vegetation Diebacks

VIFA-3: Amphibian Defomitiesin Wetlan ds

VIlA-4: Bioac cumulationin Wed ands

VII-B: Wet lan d Hab itat

VIIB-1: Genewl Wetland Habitat Condition

VILB-2: Hydrologi cIntegiity in Wetlan ds
: : 11B-2:2 Congition

VILC: Living Resource Fopulationsin Wetiands

VI-C-1: Wetland Mam mals. 3Jack Bear R opu R tions inWetan g5 & Uplands.

qbeat, Fop.ulains in Wethngs . .

AWaleTbI SO, STV,

hore birg Comumuniy, St G, .

VI-C2: Weland 8 rds

Lan dbid Commurity Sruptie . .

SWatetfowd Corom Hoity. S TPl U .

VILC-3: Wetland Anphibians
Bree ders

11 1LD-1 Wetlnd Oxidation 1018 wsidence inWelland Soil
1L-A: Wetland Cover Tupe Extent g LLAS: Wellands g LAZa Area by Wefland dass
3 1 Wetland @ ectivity : :
B2, .. Wetland. Gonnectivity Lrdex . ... ...

I-B: Spatial Relati onships in Wetl ands

11-8-2: Wetland Pat chi ness.

18-3: Wetland Froxi mity

Wetland Gomplexity Index. . . ...,

I-C: Future Well and Landscapes

ILB-3a Wetland

I1-C-1: Tomomow's Riparian Zones

ICda. b dUselan d Coyer Under S BRVALRD L L Ll

3 I1C-2 Tomomow's Shorelines, 3

: : LC2:a Impaired Coasial Wetlan ds

Il Material Balances

1ll-B: Wetlan d Element of Cabon Cycle

1I-B-2: Sequestered Camon

u.82a foedC; Sols & Veget aion

jetlan d Element of Nut ient Cyc le

: Nitrogen
35tore.dNitroge n.in Welland, Sals & V ege ation.

l-C-

: Fhosphorus.
tore P hosphor us in Wetan o Sois, &Vege taian, . . .

W-C-3: Sulfur \e getation.

11l-D: Wetlan d Element of Sediment Cycle

WI-D-1: Secimentaion

\e flands.

1ll-E: Wetland Element of Toxicants G/ cle

II-E-L: Metals Contaminants,
3 o e mury 7 evalence in Ve Hand Biota,

Non-Metals @ ntaminants
N : W-E2 “Toxicant( Hala

IX: Species Intductions & Removals

IX-A: | nvas ive Wet land Spec ies

B IX-A-L: Inv asive We tand Mamm als

XA

SNt Po pulation Estima tes: Nota bleLocal Popub Uans. .

IX-A-2: Invasive We tland Birds

XA

IX-A-3: Invasive We dandRep es
ocasie TR SasQg

XA3R

IX-A-; Invasive We tland Amphibi ans

T Orcurences .

IX-A-9: Inv asive Vie tlan d Arachnid's

nd Ava chid TED urer

IX-A-10: Invasive Wetland Q'us taceans.

L0 T8O S.atusiQecuen ces.

3 IX-A-11: Invasive Wetland Insects 3

. o0 LAl TEQ Species 105«
IX-A13: Invasive Wetland Fora g
- - DCA1E; “Phag lis Populaiion S alus/OG
XA iverQ e Spe o s PO pulation Siat us/OpCUrTeces . . . .
IX-B-2: Win erab le Wetland Birds
XA g . Biping plaver, Swainson’s v ibler,. Black, duck Populatian. S AlusIQecu rences.
IX-B-3: Wi ln emble Wetland Reptil es B
. 5 L B3a o Popu
X84 Valn eable Wetland Amphibi ans :
IX-B: Vulnerab le Wetl and Speci es T Gz
: IX-B:8: WinebleWetland Arachnids
Hocamcas B &achoid T ED.Spesi Qe ences .
IX-B-10: Vuinerble Vietland G us taceans, 3
o Qistacean 18D

IX-B-11: Vuneble Wetland Inse cts
InsectTAQ

1X-B-13: Vulnemble WetandFlora
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A-P Ambient Monitoring
Program

Precise goals and specific measures for
monitoring policy effectiveness should be
designed and tested at the time that a policy is
implemented

Status Quo: APNEP 2000 monitoring survey
update

. 15
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APNEP Monitoring Proposal

e Justification for indicator

® Goal of sampling/monitoring program
e What the optimum sampling/monitoring program will
achieve and why that is important
e Existing sampling/monitoring program

e Objectives - What the existing program is designed to
measure.

Example: Conduct periodic aerial mapping to monitor dramatic change of SAV presence over 5-year
increments in four of six APES regions

Methods

e Costs

e Data quality control (data quality objective)

e Data analysis, statistical methods and hypotheses

16
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APNEP Monitoring Proposal

e Enhanced sampling/monitoring program

e (Objectives - what the enhanced sampling/monitoring
program is designed to measure.

Example: Estimate the areal distribution and abundance of SAV along the western shorelines of
APES and be capable of detecting significant change in SAV distribution and abundance

e Methods

e Costs

e Data quality control (data quality objective)

e Data analysis, statistical methods and hypotheses

e Reference(s)
e (Contact Person

arle-p
= a/%é

%\ [~
{ )

17
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Monitoring Integration Continuum

Y
<o

X

[Independence: Knowledge of partners
monitoring strategies

Cooperation: Taking advantage of common
geography, timing

Collaboration: Opportunities to leverage
partners’ monitoring networks

Integration: Working toward a common set of
regional ecosystem objectives

18



DPSER

Modeling

Lt. green =Drivers

Dk. Green = Pressure
Orange =State

Red = Ecosystem Services
Purple =Response

EPA-ORD-ESRP 2010

\J

Neﬁon?!Esmavy Program
North Carolina

controls

influence

! influence

influence :
Y influence

supported
by o

Human Needs |

[lnmstlm;/m] [Ravf‘l’“:‘: S ][Water][smner][neauh][Cu;:ure] [Security]

- T
=

|

lead to

— influences

influence 3 .
alter via 3 cause mortality &
climate mpul aliars alter interactions
& alter
—— controls change ; >(\‘ v
<« § 7 ) I
i | (Pathogens] (Invasives | influence
Abiotic Chemical | B  2bundance
state variables Biological ~cause compete & knowledge
r [l state se in with
Physical
variables |~ influence [
8 7 distribution of =
set Pl
standards modify _

leads to —»

protect &

maintain

benefit & aesthetic & 19

provide for  research value



/ T /
APNEP’s Ecosystem Health Goals

A region where human communities are
sustained by a functioning ecosystem

A region where aquatic, wetland, and upland
habitats support viable populations of native
species

A region where water quantity and quality
maintain ecological integrity

arle-py,
SN

20



(oArticulate goals, desired

outcomes, and indicators

Set targets & decision thresholds
for ecosystem outcome
indicators

eDerive management actions
& objectives based on
system-wide model

\

eldentify success/failure of
meeting ecosystem targets
sEvaluate performance of
system-wide model
eForecast change in ecosystem
services based on plausible
\management scenarios

*Implement management
actions

*Secure adequate funding for all
cycle phases plus research

*Propose future management

options

* [mplement monitoring
strategy / network

*Store data in accessible
formats

*Propose future network
improvements




CCMP’s Four Questions

What is a healthy Albemarle-Pamlico Estuarine
System?

What is the status of Albemarle-Pamlico
Estuarine System?

What are the biggest threats to Albemarle-
Pamlico Estuarine System?

What actions should be taken that will move us
wer,,  fTomwhere we are today to a healthier
. $‘5 Albemarle-Pamlico Sounds by 20307

22



Step 5: Develop monitoring program

* Linking candidate indicators
to CCMP outcomes
¢ Indicator-specific monitoring
strategies
e Justification for indicator
e Goal of sampling/monitoring
program

* Existing
sampling/monitoring
program

e Enhanced
sampling/monitoring
program

o Reference(s)

Wetnp Integrated monitoring
S(& )\ strategy

i’~

23



Addresses a greater
number of properties
at a much smaller
number of locations or
index sites.

TIER 2

Ecosystem properties at a
higher resolution over large
geographic areas, generally

using ground-based approaches.

TIER 1

Characterize a few ecosystem properties
over very large spatial scales, typically using
airborne or satellite remote sensing methods.

Nalional Estuary Program
North Carolina
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- Step 6: Assess performance

Albemarle-Pamlico National Estuary Partnership

* “Interim’ regional ecosystem
assessment (2012)

e Select provisional indicators

e Status & trends from 1995 to
present

e Heinz Center format

* Phase 2 assessment

" Albemarle-Pamlico
° Diagnosis : Ecquyst.emAssessmént

* Phase 3 assessment

e, o Forecasting

A .:’4’7 —~>— $
3{ \
 / \
V. ot
it N
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APNEP Ecosystem Assessment
Coasts, Sounds, Near Marine: Extent & Pattern

Phragmites australis

e Why Is the Extent of the Wetland Plant Species Phragmites
australis Important?

e What Will This Indicator Report?

e What Do the Data Show?

e Why Can’t This Entire Indicator Be Reported at This Time?
e Discussion

sotle-py, © Technical Notes

)

% Jg )

2z

e 26
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Assessment Planning

“The greatest challenge in developing a
large-scale biogeographic assessment is the
synthesis and subsequent analysis of spatial
data collected at different scales for varied

objectives.”
Source: NOAA 2003, citing Gotway and Young 2002

ere-p,, _
‘\\?Qa . @é{é

=

27



Step 7: Manage adaptively

Monitoring

* Most difficult step?

* Senior management
engagement Management  +—— — 4  Assessment

* Trigger levels in plan
Policy/ Program -

Development

28



APNEP Ecosystem Health Indicators Related to Wetlands: September 2016

Category Dimension Indicator Type

CabonCyde

EcosystemStreso s Hanental Gycles

NutrientCyd s
ToxiesCycles

‘Wetlan d Taxa: Mam mals

Wetlan d Taxa: Birds

‘Wetan d Taxa: Herpt ofauna

2A: Thebiodiversty, fun cton, and Wetlnd Taxa Invertebates
pop ulati ons of speciesin aquatic, wetland,
and uplan d com mun ities are protected ,

retored,or enhan cal

‘Wetlan d Taxa: Vegetation

Welland Stressors
2: A region where aquatic, wedan d,and
upland habitatssup port viable pop ulat ons
ofnative species

28 The extent and q alicy ofupland, ‘Wetlan d Habi ats (5t eso )
fresh water,estuarine, an d near-shore
main ehabiat sfully supp ot biodi versity
ind e ystem function

Habi at Managem et

Invas veWetland Plant Sped o

2C: Non-ative invasive sped & do

significantly | mpair mative species’ viability,
or funion, nori mpair habi fat quality,

quanity, and the procssest hat fo m and

‘mainti n habi tats Invas veWetland F aural Sp cies

3B: Nuti s and p athogen sd o not.ham
speciesthatd @ don the waters

3:A region where water quan ity and
quality maintain ecological i negrity

I1LD: Sediments do notham  aies that
dependon the waters

Nalional Estuary Program
North Carolina

VI-Cad

X-B2a

X-B-ga

I-A3a

X-B-p-a

Vi-Aa

ViLBe

VILB-f

X-A3a

kD2

Provisional Indicator
Stoed Caib onin Water Column & Sediments
Stored Catb onin Tree Biomass
Carbo n Emissio ns by Secor
Carbo nStorage by Vegetation &Soi|
Nit rogen Cycle Condi tion
Total I nor ganic Nitrogen Deposition
Phosphorus Gycle Condition
Sul fr Gycle Cond ition
Sto red Elementsin Wetland Soils
Stored Elementsin Wetand Vegetation
Marmmal Communi ty Structu e fe.g, Black Bear, Bobcat)
River Ot ter Species Popu ation Siat us Occurren @
‘Water bird Communi ty Structu re
Sho rebird Communty Structu re
Lan dbird Community Structu e
Water fow] Com mun iy St rct ure

King rail, Piping pl over, Swain on swarbler, Black du d Popu lation
SatusOcunace

Herptofau na Comm un iy Structu e (eg., E phemaral Po o Bre ers)

Vuln aable Wetlan d Her pofau na Species Popu lation Statu §/Occurrences

Vuln rable Wetlan d In vertebrate TBD SpeciesP opul ation
Status /O @u man s (Dragon flies, damselfies, fin gornail d ams?)

Area by Wetl and Class

Vulnaable Wetan d Flo = TBD SpeciesP opul ation Statu§ Occur ences
Fire Sevaiy, F requeng, and Extentin Wetlands

Saltmarsh Diebacks

Estuaiine Shor o ne Area and Com position

Amphibian Dd omnity I ncidences in Wed ands
‘Wedand Bird Egg o namination

Wetland Conn etivity Index

‘Wetland Comp lexiy In dex

‘Wetland Proximity | ndex

Impaired Land ward Migratio n of Coastal Wet ands

Rare Weland Organism P esen ce

Rare Wetlan d Comm unity Presence

Wetland Community Rep resen afi on

Wedand Plant Cond ifion

Hyd olo gical Al teation in Wetland s

Rdative Hlevation of Wetland Soils

‘Water Quality To xicant Concent mtions (e.g., Mercury, Non-Metals
Prevalence in Wetland Biota)

Pernitied Wetland Lo ses

Wetland Resto mi on

Phiagmites australis Popu lation Statu /Occur ences, Alligator Weed
(Ivasive Comm)

Nutria P opul ation Estimates No table Local P opul ations
Brown-head al cowbird, Euopean starlin g (Ivasiv Go mm)

nvasi veWet land H apto fauna T'BD Species Popu ltio n Sat us Occurren s

Invasi veWet land I nvert ebiat €T BD Species Populatio n Status Occur en @

Sto 1ed Element sin Wetland Soils

Stoted Element sin Wetland egetation

Sedimentation n Wedan ds

Reporting Scales
Space Time
Key Part er Uniss Extent Reolution Exent
US-EP AR
USFS-Climate Change
NC-DENR-DAQ, VADEQ-AQ
US-EPAORD, NGU
USFS-FIA
US-EPA-ORD
usas
USFS-FIA
UNC-CH-MS
UNC-CHIMS
NC-WRC VA-DGIF
NC-WRC VA-DGIF
NC-WRC, VA-DGIF
US-FWS-SEVANENC
US-FWS-SEVANENC

NC-WRC VA-DGIF
US-FWS-SEVANENC
NC-WRG VA-DGIF

NC-WRG VA-DGIF

NC-WRG VA-DGIF

NC-EEP, US-FWS-SEVANENC, NC-DWQ-
NCREWS

NC-DENR-NHP, VA-DCR-NHP
NC-DENR-DFR
US-NOAANC
ECU
NC-WRG, US-FWS-SEVANENC
US-FWS-SEVANENC
ECU
ECU
ECU
NC-DENR-DCM
NC-DENR-NHP, VA-DCR-NHP
NC-DENR-NHP, VA-DCR-NHP
NC-DENR-NHP, VA-DCR-NHP

USEPARgy
NC-DWQ, US-DOD-ACE, US-DA-NRGS.

US-GSNC

NC-DENR-DWQ, VA-DEQ
US-DOD-AGE

NC-DENR-EEP

APNEP.
NC-WRC VA-DGIF

US-FWS-SEVANENC
NC-WRG VA-DGIF

NC-WRG VA-DGIF, US-FWS-SEVANENC
UNC-CH-IMS

UNC-CHIMS

Frequency.

Extent

Space

Resolu tion

Monitoring Seales

Extent

Time

29
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Wetland Monitoring & Assessment Refs

FWS/EPA Status & Trends Five Mid-Atlantic States (1986)
APNEP/ECU Fringe Wetlands in Albemarle and Pamlico
Sounds (1989)

FWS Regional Wetlands Concept Plan (1992)

EPA Volunteer Wetland Monitoring (2001)

FWS Coastal Wetlands Status & Trends in Eastern US
(2008)

FWS Wetlands Status & Trends in US 2004-2009 (2013)
EPA Coastal Wetlands Initiative: South Atlantic Review
(2013)

NERR SWMP Wetland Monitoring Protocol (2013)
Regional Coastal Wetlands Monitoring Group (2015-2016)
National Wetland Condition Assessment 2011 (2016)
National Wetland Condition Monitoring 2016



The Netional Academies of
SCIENCES - ENGINEERING * MEDICINE

REPORT

Effective /\/\onitoring to Evaluate
Ecological Restoration in

the Gulf of Mexico
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