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APNEP Integrated Monitoring & Assessment 
Overview

 National Estuary Program (1987)
 APES (1988-1994)
 Strategic Plan: CCMP 1.0 (1994-2010)
 Indicators, adaptive management and STAC (2004)
 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)
 Monitoring objective, integrated monitoring action
 MATs second push (late 2010s)

 CCMP 3.0 (2025-2030)
 MATs third push with increased state & federal $ (mid 2020s)
 Integrated monitoring network pilot(s) (beginning 2025)
 Regional ecosystem assessment 2.0 (2025-2026) 2



APNEP Integrated Monitoring Network Pilot(s)

Candidate coastal landscapes/waterscapes

 Currituck Sound & Back Bay

 Core Sound

 Garner support

 Partner discussions

 Establishing survey metrics & stations

 Tier 2 (field-based)

 Tier 3 (intensive monitoring)

 SAV monitoring strategy implementation
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APNEP Regional Ecosystem Assessment 2.0

 Not starting from scratch (REA 1.0)
 20 indicator metrics

 Status & trends (no reference values)

 Status & Trends
 Reference values: blood pressure analogy

 Diagnostics
 Ecoepidemiology

 Tier 3 insights

 Forecasting
 Scenario-based

 Comprehensive
 Terrestrial, Wetlands, Human Dimensions
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APNEP Mission

“To understand, 
restore, and protect 
the significant 
resources of the 
Albemarle-Pamlico 
estuarine system.”
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APNEP Implementation Area and Management Institutions
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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
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Regional 
Ecosystem 
Model
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APNEP Objectives-Metrics Hierarchy
 

 Modules

 Categories

 Dimensions

 Metrics
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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
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Wetland Resources Monitoring & 
Assessment Team Representation 

(Phase I)

 APNEP

 NC-DENR
 DCM

 DFR

 DMF

 DWQ

 DWR

 EEP

 NERR

 NC-WRC

 Federal
 COE

 EPA

 FWS

 NOAA

 NPS

 USGS

 STAC/ Ex-STAC
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Candidate
Wetland
Resource
Indicators

M odu le Category Dimension Indicator

VII: We tland Res ources

VII-A: Wet land Incident s o f Concern

VII-A-1:  Altered Fire Reg ime in Wet lands

VII-A-1-a F ir e Severity,  Fr equency,  and Exten t in Wetland s

VII-A-2:  Wetlan d Veg eta tio n Dieb acks VII-A-2-a Saltmar sh Diebacks

VII-A-2-b Estuar in e Shorezo ne Area and Com position

VII-A-3:   Amphib ian  Defo rmitie s in  Wetlands

VII-A-3-a Amphibian  Deform ity Inciden ces in Wetland s

VII-A-4:  Bioac cumula tio n in  Wetl and s

VII-A-4-a Wetland  Bir d Egg Conta mination

VII-B: Wet land Hab itat

VII-B-1:  General  Wetland Ha bit at Cond ition

VII-B-1-a Rare  Wetland O rganism  Pr esence

VII-B-1-b Rare  Wetland Com munity Pr esence

VII-B-1-c Wetland  Commu nity Repre sentation

VII-B-1-d Wetland  Plan t Condition

VII-B-1-e Perm it ted Wetlan d Losses

VII-B-1-f Wetland  Restora tion

VII-B-2:  Hydrologi c In tegrit y in  Wetlands

VII-B-2-a Hydro geomo rphic & Condition  Modificat io n in Wetland s

VII-C: L iving Re source  Popu lat ions in  Wetla nds

VII-C-1:  Wetland Mammals VII-C-1-a Black Bear Popu la tions in Wetlan ds & Uplands

VII-C-1-b Bobcat Pop ulations in Wet la nds

VII-C-2:  Wetland Bi rds

VII-C-2-a Water bird Com munity Str uctur e

VII-C-2-b Shore bird Com munity Str ucture

VII-C-2-c Lan dbird Com munity Str uctur e

VII-C-2-d Water fowl Comm unity Struct ure

VII-C-3:  Wetland Amph ib ians
VII-C-3-a Ephem eral Pool Bree ders

VII-D: Wet land Soi l/Sediment Condi tion VII-D-1:  Wetland So il Cond ition/ Oxidation VII-D-1-a Subsidence  in Wetland Soils

II:  La nd  Cover

II-A: Wet land Cover Type Extent II-A-3:  Wetlands II-A-3-a Area by Wetland Class

II-B: Spatial  Relati onships in  Wetl ands

II-B-1:  Wetland Connect ivity
II-B-1-a Wetland  Connectivity I ndex

II-B-2:  Wetland Pat chi ness
II-B-2-a Wetland  Complexity I ndex

II-B-3:  Wetland Proxi mit y
II-B-3-a Wetland  Pr oximity In dex

II-C: Fut ure Wetl and  La ndscapes

II-C-1:  Tomorrow's  Riparian  Zone s

II-C-1-a Lan d Use/Lan d Cover Un der 5 ' Elevat io n

II-C-2:  Tomorrow's  Shorelines

II-C-2-a Im paired Landwar d Migr ation of  Coastal Wetlan ds

III : Ma terial Bala nces

III -B: Wet land Element  of  Carbon  Cycle III -B-2:  Se questered  Carbon

III-B-2-a Store d Carbo n in Wetland  So ils & Veget ation

III -C: Wet land Element  of  Nut rien t Cyc le

III-C-1:  Nitrogen

III-C-1-a Store d Nitroge n in Wetland  So ils & Veget ation

III -C-2:  Ph os ph orus

III-C-2-a Store d Phosphor us in Wetlan d Soils & Vege tation

III -C-3:  Su lfu r
III -C-3-a Store d Sulfur in We tland Soils & Ve getation

III -D: Wet land Element  of  Sediment Cycle III-D-1:  Se diment ation

III -D-1-a Sedimen tation in We tlands

III -E: Wet land  Element  of  Toxican ts Cy cle

III -E-1:  Met als Conta minant s
III -E-1-b Me rcury Pr evalence in We tland Biota

III -E-2:  Non-Me tals Co nt ami nan ts

III -E-2-a Toxicant ( TBD) Prevalen ce in Wetland  Biot a

IX: Species Int roductions & Re movals

IX-A: I nvas ive Wet land  Spec ies

IX-A-1:  Inv asive We tland M ammals

IX-A-1-a Nutr ia  Po pulation Estima tes; Nota ble Local Popu la tions

IX-A-2:  Inv asive We tland Birds

IX-A-2-a Brown-hea ded cowbir d, Europ ean sta rling (I nvasiv Comm )

IX-A-3:  Inv asive We tland Reptil es

IX-A-3-a Inva sive  Wetland Rep tile  TBD Species Population  St atus/Occu rren ces

IX-A-4:  Inv asive We tlan d Amph ibi ans

IX-A-4-a Inva sive  Wetland Amp hibian TBD Species Popu la tion Status/ Occurr ences

IX-A-9:  Inv asive We tland Arachnids

IX-A-9-a Inva sive  Wetland Ara chnid TBD Species Popu la tion Status/ Occurr ences

IX-A-10:  Invasive  Wetland Crus tacea ns

IX-A-10-a Inva sive  Wetland Cr ustacean  TBD Species Population  St atus/Occu rren ces

IX-A-11:  Invasive  Wetland Inse cts

IX-A-11-a Inva sive  Wetland I nsect TBD Species Pop ulation Statu s/Occurr ences

IX-A-13:  Invasive  Wetland Flo ra

IX-A-13-a Phrag mites au stralis Population  St atus/Occu rren ces, Alliga tor Wee d (In vasive Comm )

IX-B: Vu lnerab le Wetl and  Speci es

IX-B-1:  Vu lnerab le Wet land  M ammals

IX-B-1-a River O tter Spe cie s Po pulation Stat us/Occur rences

IX-B-2:  Vu lnerab le Wet land  Birds

IX-B-2-a King ra il, Piping plover, Swainson 's wa rbler,  Black duck Population  St atus/Occu rren ces

IX-B-3:  Vu lnerab le Wet land  Rep til es

IX-B-3-a Vulnera ble Wetland Re ptile Species Population  St atus/Occu rren ces

IX-B-4:  Vu lnerab le Wet land  Amph ibi ans

IX-B-4-a Vulnera ble Wetland Am phibian TBD Species Pop ulation Statu s/Occurr ences

IX-B-9:  Vu lnerab le Wet land  Arachnids

IX-B-9-a Vulnera ble Wetland Ar achnid TBD Species Pop ulation Statu s/Occurr ences

IX-B-10:  Vulnera ble We tland  Crus tacea ns

IX-B-10-a Vulnera ble Wetland Cr ustacea n TBD Species Populat io n Status/O ccurre nces

IX-B-11:  Vulnera ble We tland  Inse cts

IX-B-11-a Vulnera ble Wetland Insect TBD Spe cie s Po pulation Stat us/Occur rences

IX-B-13:  Vulnera ble We tland F lora

IX-B-13-a Vulnera ble Wetland Flora  TBD Species Population  St atus/Occu rren ces



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
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APNEP Monitoring Proposal
 Justification for indicator

 Goal of sampling/monitoring program 
 What the optimum sampling/monitoring program will 

achieve and why that is important

 Existing sampling/monitoring program
 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

 Costs

 Data quality control (data quality objective)

 Data analysis, statistical methods and hypotheses



APNEP Monitoring Proposal

 Enhanced sampling/monitoring program
 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

 Methods

 Costs

 Data quality control (data quality objective)

 Data analysis, statistical methods and hypotheses

 Reference(s)

 Contact Person
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Monitoring Integration Continuum

 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
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DPSER 
Modeling

Lt. green = Drivers
Dk. Green = Pressure
Orange = State
Red = Ecosystem Services
Purple = Response

EPA-ORD-ESRP 2010
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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 
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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 
from where we are today to a healthier 
Albemarle-Pamlico Sounds by 2030? 
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Step 5: Develop monitoring program

 Linking candidate indicators 
to CCMP outcomes

 Indicator-specific monitoring 
strategies
 Justification for indicator
 Goal of sampling/monitoring 

program 
 Existing 

sampling/monitoring 
program

 Enhanced 
sampling/monitoring 
program

 Reference(s)

 Integrated monitoring 
strategy
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Characterize a few ecosystem properties
over very large spatial scales, typically using

airborne or satellite remote sensing methods.

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

using ground-based approaches.

Addresses a greater 
number of properties 

at a much smaller 
number of locations or 

index sites.

TIER 1

TIER 3

TIER 2

Seagrass Light Requirement (22% @ 1.7m)



Step 6: Assess performance

 “Interim” regional ecosystem 
assessment (2012)

 Select provisional indicators

 Status & trends from 1995 to 
present

 Heinz Center format

 Phase 2 assessment 

 Diagnosis

 Phase 3 assessment

 Forecasting
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APNEP Ecosystem Assessment
Coasts, Sounds, Near Marine: Extent & Pattern 

 Phragmites australis

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

 What Will This Indicator Report? 

 What Do the Data Show? 

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

 Discussion

 Technical Notes
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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



Step 7: Manage adaptively

 Most difficult step?

 Senior management 
engagement

 Trigger levels in plan

28
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APNEP Ecosystem Health Indicators Related to Wetlands: September 2016

Reporting Sca les Monitoring Sc ales

Spac e Tim e Spac e Tim e

C ategory Dimension Indicator Type C ode Provisional  Indicator K ey  Partn er Uni ts Ext ent Resolu tion Ext ent Frequency Ext ent Resolu tion Ext ent Frequency

Ecosystem St resso rs El em ental  Cycles

Carbo n Cycl e

II I-B-1-a Sto red Carb on in  Water Colu mn & Sedim ents US-EP A-Reg4

II I-B-2-a Sto red Carb on in  Tree B iomass USFS-Clim ate Ch ange

II I-A-1-a Carbo n Em issio ns by Sect or NC-DENR-DAQ, VA-DEQ-AQ

II I-A-2-a Carbo n Storage by Veget ation  & Soi l US-EP A-ORD, NCSU

Nut rien t Cycl es

II I-C-1-a Nit rogen Cycle Condi tion USFS-FI A

II I-B-1-a T otal I norganic Nitrogen Deposit ion US-EP A-ORD

II I-C-2-a Ph osphorus Cycle Cond itio n USGS

II I-C-3-a Sul fur  Cycle Cond ition USFS-FI A

T oxics Cycles
II I-B-1-a Sto red E lement s in  Wetland  Soils UNC-CH-IMS

II I-B-1-b Sto red E lement s in  Wetland  Vegetat ion UNC-CH-IMS

2: A region  where aqu atic, wetlan d, and  
up land h abitat s sup port  viable pop ulati ons 

of n ative species

2A: Th e b iodiversi ty, fun ction , and 
pop ulati ons of species in  aquat ic, wet land , 

and  uplan d com mun ities are protected , 
resto red, or  enhan ced

Wetlan d T axa: Mammals
VII-C-1-a Mamm al Comm uni ty Structu re (e.g., B lack Bear, B obcat) NC-WRC, VA-DGIF

IX-B-1-a River Ot ter Species Popu latio n Stat us/Occurren ces NC-WRC, VA-DGIF

Wetlan d T axa: Birds

VII-C-2-a Waterbird Comm uni ty Structu re NC-WRC, VA-DGIF

VII-C-2-b Sho rebird Comm un ity Structu re US-FWS-SEVANENC

VII-C-2-c Lan dbird Comm un ity Structu re US-FWS-SEVANENC

VII-C-2-d Water fowl Commun ity St ruct ure NC-WRC, VA-DGIF

IX-B-2-a
King rail, Pi ping pl over, Swain son 's warbler, B lack du ck  Popu lation  
Stat us/O ccu rren ces US-FWS-SEVANENC

Wetlan d T axa: Herpt ofaun a
VII-C-3-a Herptofau na Comm un ity Structu re ( e.g., E phem eral Po ol Breed ers) NC-WRC, VA-DGIF

IX-B-3-a Vuln erable Wetlan d Herptofau na Species Popu lation  Statu s/Occurrences NC-WRC, VA-DGIF

Wetlan d T axa: Invertebrat es

IX-B-9-a
Vuln erable Wetlan d In vertebrate T BD Species P opul ation  

Stat us/O ccu rren ces ( Dragon flies, damselfies, fin gernail  cl ams?) NC-WRC, VA-DGIF

Wetlan d T axa: Vegetat ion
II-A-3-a Area by Wetl and Class

NC-EE P, US-FWS-SEVANENC, NC-DWQ-
NCCREWS

IX-B-13-a Vuln erable Wetlan d Flo ra T BD Species P opul ation  Statu s/Occurrences NC-DENR-NHP , VA-DCR-NHP

Wetlan d Stressors

VII-A-1-a Fire Sever ity, F requen cy, an d Ext ent in  Wetland s NC-DENR-DFR

VII-A-2-a Salt marsh  Diebacks US-NOAA-NC

VII-A-2-b Estu arin e Shorezo ne Area and Com positio n ECU

VII-A-3-a Amph ibian  Def orm ity I ncidences in Wetl ands NC-WRC, US-FWS-SEVANENC

VII-A-4-a Wetlan d Bi rd E gg Co ntam inat ion US-FWS-SEVANENC

II-B-1-a Wetlan d Conn ect ivity I ndex ECU

II-B-2-a Wetlan d Comp lexity In dex ECU

II-B-3-a Wetlan d Proxim ity I ndex ECU

II-C-2-a Impaired Land ward  Migratio n of Coastal Wetl ands NC-DENR-DCM

2B: T he extent  and q ualit y of upl and, 
fresh water, estuar ine, an d near-shore 

marin e h abitat s f ully supp ort  biodi versity 
and  eco system  funct ion

Wetlan d Habi tats (St resso rs)

VII-B-1-a Rare Wetlan d Organism P resen ce NC-DENR-NHP , VA-DCR-NHP

VII-B-1-b Rare Wetlan d Comm uni ty Presence NC-DENR-NHP , VA-DCR-NHP

VII-B-1-c Wetlan d Comm un ity Rep resen tati on NC-DENR-NHP , VA-DCR-NHP

VII-B-1-d Wetlan d Pl ant Cond itio n US-EP A-Reg4

VII-B-2-a Hyd rolo gical Al terat ion in  Wetland s NC-DWQ, US-DOD-ACE , US-DA-NRCS

VII-D-1-a Rel ative Elevat ion of  Wet land  Soils US-GS-NC

II I-E-1-b
Water  Quali ty To xicant Concent rat ions (e.g., Mercury, Non-Metals 
Prevalence in Wetl and B iota) NC-DENR-DWQ, VA-DEQ

Habi tat Managemen t
VII-B-1-e Permit ted Wetl and Lo sses US-DOD-ACE

VII-B-1-f Wetlan d Resto rati on NC-DENR-EE P

2C: Non-nat ive invasive speci es do  not 
signif icantly i mpair  nat ive species ’ viabilit y 

or  fun ct ion, n or i mpair  habi tat qu ality, 
qu antit y, and t he processes t hat fo rm  and 

maintai n habi tats

In vasi ve Wet land P lant  Speci es IX-A-13-a
Ph ragmites australis Popu lation  Statu s/Occurrences, Al ligator  Weed 
( Invasive Comm ) APNEP

In vasi ve Wet land F aunal Sp ecies

IX-A-1-a Nut ria P opul ation  Estimates; No table Local P opul ation s NC-WRC, VA-DGIF

IX-A-2-a Brown-head ed  cowbird, Eu ropean  st arlin g (I nvasiv Co mm ) US-FWS-SEVANENC

IX-A-3-a In vasi ve Wet land H erpto fauna T BD Species Popu latio n Stat us/Occurren ces NC-WRC, VA-DGIF

IX-A-9-a In vasi ve Wet land I nvert ebrat e T BD Species Popu latio n Stat us/Occurren ces NC-WRC, VA-DGIF, US-FWS-SEVANENC

3: A region  where water  quan tity an d 
qu ality m aint ain ecological i ntegr ity

3B: Nu tri en ts and p athogen s d o not  harm  
species t hat d ep en d on  the waters

II I-B-1-a Sto red E lement s in  Wetland  Soils UNC-CH-IMS

II I-B-1-b Sto red E lement s in  Wetland  Vegetat ion UNC-CH-IMS

II I-D: Sedim ents do  not h arm  sp ecies th at 

depen d on t he waters

II I-D-1-a Sedimentat ion i n Wetlan ds ECU



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
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