Review of ecosystem indicator and reporting programs that establish context for the Gulf of Maine effort.


A Gulf of Maine Council Report

A variety of ecosystem indicator programs have been established at local, regional, and national scales.  The Gulf of Maine (GOM) indicators effort can draw important lessons from these programs by considering ways in which the proposed GOM effort is consistent with or diverges from them.  To evaluate the consistencies and distinctions in indicators that have been proposed for the GOM and those that are used by other programs, seven indicator programs within the GOM, ten regional programs outside of the GOM, and eight national-level programs within the United States and Canada were reviewed.  This review identified issues and indicators that are tracked by each program (Table B-1) and serves as the basis for an analysis of how the GOM regional effort compares to existing programs.  

Indicator and reporting programs within local ecosystems of the Gulf of Maine
A regional indicators effort must be built up from and consistent with programs that already exist within the GOM.  Capitalizing upon the existing local capacity within the GOM will be essential for a number of reasons.  First, local programs have already identified issues that are considered important to citizens in the area and have compiled data to track a variety of indicators that are relevant to these issues.  Further, a regional reporting effort must strive to complement the findings and interpretations established by local programs, rather than ignore local distinctions from the larger trend.  

Indicators and reporting programs within the GOM region include the following:  New Hampshire Estuaries Project, Casco Bay Estuary Partnership, New Meadows River Watershed Project, State of the Nova Scotia Environment, Quoddy Report, Cape Cod National Seashore, and Gulfwatch. Although issues and indicators are organized in different manners (Figure B-1), the existing programs cover each of the six issue areas that have been the focus of work at the regional GOM scale—land use, contaminants, fisheries, aquatic habitats, eutrophication, and climate change (Figure B-2).  Thus, there is a high degree of consistency between issues that have been proposed as the initial starting points for a regional ecosystem indicators effort and those issues that are the focus of indicators at more local scales within the GOM.  However, indicators developed by many of the existing programs focus more heavily on certain topics (e.g., contaminants) than they do on the other issues (e.g., climate change).  In addition, certain programs report on issues that extend beyond those proposed by the GOMC regional effort—stewardship (in Casco Bay Estuary Project) and air quality (in State of the Nova Scotia Environment).    

Indicator and reporting programs in regions outside the Gulf of Maine

Indicator and reporting programs in regions outside of the GOM may serve as examples to guide the GOM effort, and if similar issues and indicators are tracked by these programs, they will enable GOM patterns of change to be interpreted in a broader context.  The issues and indicators reported on by programs in U. S. and Canadian regions outside of the GOM were examined.  These efforts range extensively in scope—from six indicators to represent the Georgia Basin-Puget Sound region to over 100 indicators for the Great Lakes region.  The content across regional programs and between these programs and the proposed GOM issues is highly consistent.  The six major issues identified as important in the GOM are tracked in other regional programs, yet certain regional programs encompass issues, such as stewardship and air quality, that extend beyond those proposed as starting points for the GOM effort.  

National indicator and reporting programs

National indicator programs and state of the environment reports provide high-level context for the GOM region.  Although national indicator programs cover a broader scope of topics than are tracked at most regional levels, the issues that have been identified as starting points for the GOM effort are encompassed by national programs.  Knowing the relevant features that are tracked and reported at the national scale enables the GOM effort to tailor indicators to more easily gain context for regional trends.  

	Local indicators program within Gulf of Maine

(Illustrative examples)
	Issues
	Indicators

	New Hampshire Estuaries Project
	Water quality

Contaminants

Land use

Shellfish

Habitats


	Dissolved oxygen

Fecal coliform levels

Toxins in shellfish tissues

Protected areas in watershed

Unfragmented land blocks

Extent of impervious surfaces

Extent of “sprawl”

Number harvestable oysters

Harvestable clam density

Eelgrass coverage

Tidal wetland restoration

	Casco Bay Estuary Partnership
	Population change

Water quality

Toxics

Land use

Shellfish

Swimming beaches

Stormwater discharge

Species of interest

Stewardship


	Water quality in bay

Water quality in rivers and streams

Toxics in sediments

Toxics in mussel tissues

Acres of protected land

Acres of undeveloped blocks

Extent of impervious surfaces

Open shellfish beds

CSO abatement

Eelgrass distributions

Waterbird populations

	New Meadows River Watershed Project
	Population change

Water quality

Toxics

Water quality/zoning

Shellfish

Marine uses

Remediation efforts
	Population growth

Population rate of change

Temperature

Salinity

Dissolved oxygen

Nutrients

Toxics in sediments

Toxics in mussel tissues

Toxics in lobster tissues

Maximum land use density

Minimum lot area

Maximum impervious surface coverage

Bacterial contamination in shellfish

Shellfish growing area classifications

Marine fisheries

Shellfish licenses and productivity

Aquaculture leaseholds

Boating

Non-point pollution sources

Other remediation efforts

	Gulfwatch
	Contaminants in blue mussels
	Polycyclic aromatic hydrocarbons

Polychlorinated biphenyls

Chlorinated pesticides

Metals

	State of the Nova Scotia Environment
	Water resources

Waste resources management
Air quality
	Municipal water supplies with Protected Water Area designation or comprehensive water supply protection strategy

Municipal water supply samples testing negative for total coliform bacteria

Municipal water supplies meeting guidelines for Canadian drinking water quality

Water table levels

Number boil orders

Contamination threat to private wells

Nitrates in private wells

Number of community groups active in river or lake enhancement initiatives or % bays, inlets, and estuaries covered by community led initiatives

Toxins in shellfish

Annual number of beach closures

Number of waterbodies that do not meet Canadian Water Quality guidelines for protection of aquatic life

Number hectares of freshwater wetlands

Mercury levels in water

Quality of industrial discharges to environment

Number of contaminated sites by category

Number contaminated sites assessed and number remediated

Number certified sewage treatment plant operators

Number Nova Scotians on municipal sewage systems with treatment

Number municipal sewage treatment facilities operating properly

Number private central sewage treatment facilities

Number solid waste disposal sites

Diversion of solid waste from disposal sites

Number kilograms of waste produced per capita

% organic waste being composted

Quality of pulp and paper discharge

Particulate levels

Ground level ozone

Atmospheric mercury

Air quality index

Greenhouse gas emissions

Sulphur dioxide

Sulphate deposition

Mercury bioaccumulation

	Quoddy Report
	
	Pollution

Habitat change

Fishing pressure

Phytoplankton

Invertebrates

Fish

Birds

Whales

	Cape Cod National Seashore
	(organized by habitat type)

Estuaries/marshes

Beaches, spits, barrier islands

Ponds and freshwater wetlands

Coastal uplands

Park-wide/multi-system
	Salt marsh sedimentation rate

Salt marsh vegetation

Estuarine benthic macrofauna

Estuarine nekton

Migrating waterbirds

Geomorphic shoreline change

Beach macroinvertebrates

Colonial waterbirds

Piping plovers

Kettle pond water quality

Pond vegetation

Vernal wetland vegetation

Freshwater aquatic invertebrates

Freshwater fish

Aquatic turtles

Pond-breeding amphibians

Marsh birds

Dune grassland vegetation

Coastal heathlands

Coastal forests

Landbirds-avian point counts

Landbirds-avian productivity and survivorship

Small mammals

Meso-mammals

Meterologic and atmospheric monitoring

Hydrology

Groundwater quality

Cover type mapping

Visitor use and resource impact

Contaminants


	Regional indicator programs outside of the Gulf of Maine
	Issues
	Indicators

	Great Lakes
	Land use-land cover

Contamination

Aquatic habitats

Biotic communities

Invasive species

Coastal zones

Resource utilization

Human health

Climate change
	Land cover-land conversion

Groundwater and land: use and intensity

Forest lands—conservation of biodiversity

Sustainable agricultural practices

Integrated pest management

Urban density

Brownfield redevelopment

Area, quality, and protection of cobble beaches

Area, quality, and protection of alvars

Phosphorus concentrations and loadings

Nutrient management plans

Contaminants in young-of-year spottail shiners

Contaminants in colonial nesting waterbirds

Contaminants in whole fish

External anomaly prevalence index for nearshore fish

Biological markers of human exposure to persistent chemicals

Contaminants in sport fish

Contaminants in snapping turtle eggs

Contaminants affecting productivity of bald eagles

Contaminants affecting American otter

Atmospheric deposition of toxic chemicals

Toxic chemical concentrations in offshore waters

Concentrations of contaminants in sediment cores

Drinking water quality

Air quality

Acid rain

Extent of hardened shoreline

Natural groundwater quality and human-induced changes

Base flow due to groundwater discharge

Groundwater dependent animal and plant communities

Salmon and trout

Walleye

Prey fish populations

Lake trout

Status of lake sturgeon

Coastal wetland fish community health

Wetland-dependent bird diversity and abundance

Coastal wetland amphibian diversity and abundance

Native freshwater mussels

Benthos: diversity and abundance

Zooplankton populations

Hexagenia
Abundances of Diporeia
Coastal wetland invertebrate community health

Phytoplankton populations

Coastal wetland plant community health

Sea lamprey

Non-native species

Coastal wetland area by type

Effects of water level fluctuations

Beach advisories, postings, and closures

Commercial/industrial eco-efficiency

Economic prosperity

Water withdrawal

Energy consumption

Solid waste generation

Ice duration on the Great Lakes

	Georgia Basin-Puget Sound
	Population

Contaminants in harbour seals

Species at risk

Air quality

Solid waste

Terrestrial protected areas
	Population in region

% of population in districts and counties

Average annual population growth rates by district and county

Levels of PCBs in harbour seals

Levels of dioxins and furans in harbour seals

Number of threatened or endangered taxa

Species at risk as % of native breeding species

% of communities exposed to PM10 concentrations > 25 micrograms/m3 > 5% of the time

PM10 levels in Puget Sound

Per capita solid waste disposed and recycled in Georgia Basin

Per capita solid waste disposed and recycled in Puget Sound

% land protected in Georgia Basin-Puget Sound ecosystem

	State of the [Puget] Sound
	Water and submerged lands

Habitats

Species
	Contaminated sediments

PCBs in shellfish, fish, marine mammals

PAHs in fish and shellfish

Metals (arsenic, copper, Pb, Hg, tributyltin)

Acres available for shellfish harvest

Impervious land cover

Liver lesions in English sole (PAHs)

Lowland habitat loss

Eelgrass

Spartina infestation

Species at risk

Salmon

Rockfish

Herring

Marine birds

Orcas

	Chesapeake Bay Program
	Land use and people

Water quality

Bay pollutants

Habitats

Animals and plants

Bay restoration
	Land use and pollutant loads

Watershed development trends

Watershed population

Population, households, and development trends

Vehicle miles traveled vs. population in watershed

Chesapeake Bay partner communities: award status

Brownfields redevelopment in basin

Preserved lands in watershed

Water trails in watershed

Public access points to bay and its tributaries

River flow into bay

Chlorophyll a in bay and tributaries

Secchi depth in bay and tributaries

Bottom dissolved oxygen concentration in bay and tributaries

Bay summer dissolved oxygen concentration

Phosphorus concentration in bay and tributaries

Nitrogen concentration in bay and tributaties

Estimated vehicle NOx emissions vs. vehicle miles traveled

Simulated nutrient and sediment load reductions

Nontidal nitrogen loads and river flow to bay

Nontidal phosphorus loads and river flow to bay

Municipal N and P delivered loads and population

Municipal N and P discharge and population

Municipal wastewater flow and population

Municipal wastewater flow and municipal N and P discharges

Point source N and P loads delivered to bay

Sewage disposal and septic tank loads

Sources of N and P to the bay

Sources of sediment loads to the bay

Sediment trends in rivers entering the bay

Nontidal sediment loads and river flow to the bay

Designated oyster restoration areas

Chesapeake basin forests

Riparian forest buffer conservation and restoration

Acres of bay grasses and changes by zone

Density of bay grass acreage

Bald eagle population count

Trends in waterfowl: black duck and mallard

Trends in diving ducks

Oyster spat

Oyster harvest

Blue crab commercial harvest

Blue crab mature females

Blue crab juveniles

Hatchery-reared American shad stocking

American shad population trends

Striped bass spawning stock

Trends in finfish: striped bass

Benthic community and habitat condition

Acres under nutrient management plans

Boat waste pump-out facilities

Municipal freshwater flow and nutrient reduction technology

Chemical contaminant effects on living resources in tidal rivers

Releases and transfers of chemical contaminants from federal facilities

Tributyltin concentration levels: Sarah Creek, VA and Hampton Roads, VA

Industry-reported releases and transfers of toxins of concern

Regions of concern

Stream miles opened to migratory fish

Wetlands protection, restoration, and enhancement

	Chesapeake Bay Foundation
	Pollution

Habitat

Fisheries
	Nitrogen and phosphorus

Water clarity

Dissolved oxygen

Toxics

Forested buffers

Underwater grasses

Wetlands

Resource lands

Rockfish

Oysters

Crabs

Shad

	Long Island Sound
	Water quality

Habitats

Living resources

Public awareness
	Nitrogen pollution

Hypoxia

Toxic contaminants

Pathogens

Altered landscapes

Habitat restoration

Shellfish abundance (harvest)

Finfish abundance

Coastal birds

Public participation

	Alberta government
	Land

Water

Biodiversity

Climate change

Air

Waste
	Wildfires

Pesticide use

Cleanup of petroleum storage tank sites

Parks and protected areas

Reclamation of oil and gas wells

Reclamation of oil sands mining

Timber harvest—actual vs. allowed

Groundwater levels

Lake level index

Lake trophic status

River water quality index

River nutrient index

River bacteria index

River pesticide index

Groundwater observation wells

Groundwater well density

Water allocations by sector

Water allocations compared to natural flows

Waters used for oilfield injection

Pulp mill effluent levels

Hydrometric monitoring network

Reservoir index

Volume of water shared

Watershed organizations

General status of Alberta wild species

Species at risk

Temperature trends

Greenhouse gas emissions

Air quality index

Benzene

Benzo(a)pyrene

Carbon monoxide

Fine particulates

Nitrogen dioxide

Ozone

Sulphur dioxide

Acidifying precipitation

% of province with airshed zones in place

% of air quality monitoring stations that collect and report real-time data

Per capita waste disposal

Hazardous waste recycling

Solid waste diversion

	Pacific and Yukon
	Freshwater quality

Toxic contaminants

Biodiversity

Marine ecosystems

Urban water use and wastewater treatment

Climate change

Stratospheric ozone depletion

Urban air quality
	Nitrate levels in groundwater

PCBs in cormorant eggs

Dioxin/furan levels

Pesticide poisonings in raptors

Toxins in heron eggs

Toxins in osprey eggs

Bald eagle

Blue brant geese

Great blue heron

Lesser show geese

Porcupine caribou

Waterfowl species

Trumpeter swan

Western sandpiper

Sensitive ecosystems

Shellfish closures

Seabirds

Water use and wastewater

Temperature and precipitation

Stratospheric ozone thickness

Fraser Valley smog

Central Okanagan Valley smog

	St. Lawrence
	Water

Sediments

Biological resources
	Changes in water level and flow

Water quality in the fluvial section—toxic contaminants and physicochemical and bacteriological parameters

Oceanographic processes in the estuary and Gulf

Safety of potential freshwater swimming sites

Shellfish water quality 

Toxic contamination in sediments: Lake Saint-Francois

Freshwater wetlands and exotic plant species

Freshwater fish communities

Toxic contamination in freshwater fish

Toxic contamination in marine resources

Sentinel species for the Gulf—seabirds, great blue heron, Northern gannet

Beluga population of the estuary

Reintroduction of striped bass

	British Columbia
	Water

Toxic contaminants

Biodiversity

Climate change

Stewardship
	Surface water quality

Groundwater

Surface water use

Toxic substance releases

Persistent chemicals in wildlife

Species at risk

Habitat

Fish

Wildlife

Greenhouse gas emissions

Temperature change

Mitigating environmental impacts

Linking economy and environment

Protected areas


	National Indicator Program
	Issues
	Indicators

	Heinz Center—State of the Nation’s Ecosystems (“Coasts and Oceans” section only)
	System dimensions

Biological components

Chemical and physical conditions

Human uses
	Area of coastal living habitats

Shoreline types

At-risk native marine species

Non-native species

Unusual marine mortalities

Harmful algal blooms

Condition of bottom dwelling animals

Chlorophyll concentration

Areas with depleted oxygen

Contamination in bottom sediments

Coastal erosion

Sea surface temperature

Commercial fish and shellfish landings

Status of commercially important fish stocks

Selected contaminants in fish and shellfish

Recreational water quality

	EPA—National Coastal Condition Report II
	
	Benthic index

Fish tissue contaminants index

Coastal habitat quality index

Water quality index

Sediment quality index

	U. S. Park Service—Vital Signs (Northeast eutrophication indicators)
	Salt marsh

Estuarine eutrophication

Geomorphic change

Landscape pattern

Visitor impacts
	Vegetation community structure

Nekton community structure

Sediment elevation change

Water chemistry

Water quality

Water clarity

Seagrass distribution

Seagrass condition

Sediment organic carbon

Nutrient inputs

Shoreline position

Coastal topography

Marine geomorphology

Marine hydrography

Anthropogenic modifications

Landscape pattern

Park usage

Habitat alteration

Wildlife disturbance

	EPA—Draft Report on the Environment
	Purer water

Better protected land

Human health

Ecological condition

Cleaner air
	Waters and watersheds

Drinking water

Recreation in and on the water

Consumption of fish and shellfish

Land use

Chemicals in the landscape

Waste and contaminated lands

Health status of the United States

Environmental pollution and disease

Measuring exposure to environmental pollution

Landscape condition

Biotic condition

Chemical and physical processes

Ecological processes

Hydrology and geomorphology

Natural disturbance patterns

Outdoor air quality

Indoor air quality

Global air issues

	Environment Canada—Environmental Signals
	Human health and well-being

Ecological life-support systems

Natural resources sustainability

Human activities
	Municipal water use

Municipal wastewater treatment

Urban air quality

Biodiversity and protected areas

Toxic substances

Acid rain

Climate change

Stratospheric ozone

Forestry

Agricultural soils

Energy consumption

Passenger transportation

Municipal solid waste

	NOAA Coastal Zone Management Program (contextual indicators)
	Coastal areas

Biological features

Water quality

Land use

Human uses

Responses/management

Hazards
	Coastal loss due to climate change

Coastal wetland loss
Area of coastal watersheds

Number of acres of coastal habitats

Number of invasive species within coastal watersheds

% of water bodies impaired

% of impaired water bodies with non-point pollution as primary source of contamination

Dissolved oxygen/hypoxia

Eutrophic conditions/nutrients

Sediment contamination/benthic index

Overall national coastal condition

% increase in population growth in coastal counties

Population density of coastal counties compared to inland

% of national employment in or attributable to coastal counties

% of national economy attributable to coastal counties

Energy and water demand in coastal counties

% land use change

% change in impervious surfaces

Freshwater demand

% of acres of coastal zone open for public use

% of total miles of beach in coastal zone open for public access

Number of coastal sites open for public access

Number of coastal communities with waterfront areas

Total federal and state dollars spent on coastal water quality activities

Area within coastal zone management plan coastal zone boundary

Area in coastal nonpoint program boundary

Number of coastal hazard events per year

Number dollars of damage from coastal hazards per year

Number of coastal disaster declarations per year requiring state or federal disaster assistance

Number of dollars of coastal hazard assistance per year paid by state and federal agencies

Number of people in Category 1 storm surge area

Number of acres in Category 1 storm surge area

Number of acres of residential and commercial land uses within coastal flooding and erosion areas

Number of states that have mapped inventories of coastal areas affected by natural hazards

	Surfrider Foundation—State of the Beach
	Beach access

Water quality

Erosion and erosion responses

Beach ecology


	Beach access

Surf zone water quality

Beach erosion

Beach ecology

Beach fill

Shoreline structures

Erosion response

Surfing areas

Quality of state coastal management websites

	Statistics Canada—Human Activity and the Environment
	Human well-being

Ecosystems and well-being

Natural resources

Natural background

Driving forces
	Human health

Waste generation and management

Air quality

Water quality

Soil

Contaminants in biota

Protected areas

Species at risk

Invasive species

Natural disasters

Agriculture

Forests

Marine

Wildlife

Water

Energy

Mineral

Environmental geographies

Physiography

Climate

Geophysical and meteorological profile

Population

Economy

Science and technology

Environmental legislation and non-regulatory initiatives

Environmental protection expenditures

Environment industry

Environmental practices

Public participation

Recreation

Environmental education


