
The MJD: More Than Species EOs

• Prioritization of places (coarse and fine scale)

• Where species might be (predicted distributions)

• Observations

• Other data?

What data types can answer what 

questions? 



Coarse Filter and Fine Filter Approaches to 

Biodiversity Conservation in Virginia



Coarse filter approaches are designed to conserve 
many species by conserving adequate diversity, 
distribution, and abundance of:

• ecological communities

• ecological land units (e.g.  alliances of ecological 
communities)

• physical environments

• landscape-level ecological phenomena

Fine filter approaches compliment coarse filters by:

• focusing on habitats of individual rare or specialized 

species

Coarse Filter/Fine Filter Approaches



Virginia’s Coarse Filter/Fine Filter Approaches
Coarse: Virginia Natural Landscape Assessment

• prioritizes large patches of natural  land by ecological integrity

• identifies statewide natural land network

Natural Communities of Virginia

• classification of ecological community groups

Fine: Natural Heritage Conservation Sites

• polygons that delineate occurrences of rare species plus habitat and 
buffer

• biodiversity significance ranked

Priority Conservation Sites

• summarizes species and natural communities data within sites

• ranked by biodiversity significance, viability, and how well protected 
by conserved lands

Element Distribution Models

• predicts rare species habitat using environmental variables

• estimates potential as low, moderate, or high



a landscape-scale GIS analysis for identifying, 
prioritizing, and linking natural habitats in Virginia

Virginia Natural Landscape Assessment



Benefits of VaNLA Networks
üwildlife and plant habitat

übiodiversity conservation

üopen space

ü recreational opportunities

ügroundwater recharge

ümaintenance of water quality

ücarbon sequestration

ücrop pollination

üprotection from storm and flood damage

üerosion control and sediment retention

An estimated one out of every three bites

of food we eat comes from a pollinator.
Source:

North American Pollinator Protection Campaign



Fragmentation Layer



Fragmented Land Cover Image



Natural Land Cover



Natural Land Cover Plus Near-Shore Water



Interior Natural Area



Interior Natural Area >100 Acres



Ecological Cores



Ecological Cores



Rare Species and Habitats:

üConservation Sites and Stream Conservation Units

üNatural Heritage Element Occurrences

üWildlife Action Plan (Tier 1 Essential Habitats)

üCritical Neotropical Migratory Bird Habitat

Core Attributes

Species Diversity Surrogates:

üArea and Diversity of Wetlands

üTopographic Variability

Over 50 attributes were added to the Ecological Cores layerCore Characteristics and Context:

üSize of Interior

üDepth of Interior

üRemoteness

üSurrounding Buffer Suitability

üAdjacency to Existing Conservation Lands

ü Isolation

Water Quality:

üDrinking Water Sources

üSteams in Interior Forests



Maintaining vital natural landscapes is essential for basic 

ecosystem services such as cleaning our air and filtering our 

water.  Natural lands also harbor thousands of species of 

animals and plants and contain libraries of genetic information 

from which we derive new foods, materials, and medicinal 

compounds.  These parts of the landscape also provide us with 

recreational opportunities and open space resources.  But these 

qualities are represented differently across the cores and habitat 

fragments that constitute the natural landscape.  To assess their 

unique values, each core and habitat fragment has been 

assigned an ECOLOGICAL INTEGRITY score that rates the 

relative contribution of that area to the ecosystem service values 

above. In general, larger, more biologically diverse areas are 

given higher scores.  Scores are enhanced if the core or habitat 

fragment is part of a larger complex of natural lands.  Scores 

also are increased for those cores and habitat fragments that 

contribute to water quality enhancement.
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Prioritization - Ecological Integrity



Ecological Integrity Model

Principal Components Analysis

Why:  

1. to eliminate double-counting of correlated variables

2. to generate a set of uncorrelated variables that could be 

weighted independently

How:

1.  team of biologists and ecologists selected 9 ecological variables 

from the 50+ attributes

2.  ran PCA

3.  interpreted eigenvectors

e.g. PC1 represented large, deep cores with long lengths of 

interior streams and high values from the conservation sites 

index

4. team decided which PCs to keep

5. team assigned weights to PCs

6. calculated Ecological Integrity Score

EI Score = (PC1 * Weight) + (PC2 * Weight) …+ (PC# * Weight)
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Cores and Habitat Fragments

by

Ecological Integrity



The corridor suitability layer represents impedances to 

animal and seed movement based upon:

- land cover - offshore water

- riparian forest - standing water

- slope - core rank

- interior forest - out-of-state

- patch thickness - urban proximity

- roads & bridges - CZ corridors

- legal protection status of conserved lands

- biodiversity management intent of conserved lands

- b-ranks of conservation sites



Natural Land Network

complete coarse filternatural land network



Local:     Planning and Decision-making

• Comprehensive Plans –revised every 5 years 

• zoning and ordinance changes

• Green Infrastructure Plans 

State:      Conservation Targeting and Project Review

• target lands for Land Trusts and Conservation Organizations

• select project reviews –master plans, mgmt. plans, EIS, etc. 

• considering creation of EOs from highest priority cores

• used by other state agencies to assess/protect water quality

VaNLA Applications

Federal: Regional and Multi-State Planning

• EPA considers a “model to emulate” for Mid-Atlantic Green 
Infrastructure Community of Practice

• FWS considering use in LCC

• DOD flight path and base buffer prioritizations



lands where stronger protection will benefit

Virginia’s known biodiversity

Virginia’s Priority Conservation Sites



Conservation Sites

Boundaries that:

• enclose at least one 

natural heritage 

resource

and 

• surrounding habitat 

or buffer necessary 

for protection



Stream Conservation Units

• 2 miles upstream 

and 1 mile 

downstream of 

documented aquatic 

natural heritage 

resources

and 

• all tributaries within 

this reach



Sites
üMerged Conservation Sites and Cave Sites to make

terrestrial sites

üBuffered SCU, T&E Waters, and Confirmed Reaches

to common width, then merged to make aquatic sites



Conservation Lands Database

üMaintained the best Biodiversity Management Intent (BMI)

and Legal Protection Status (LPS) combinations



Conservation Lands Database

Biodiversity Management Intent (BMI):

1. Specifically Designated for the Protection of Plant and Animal Communities.

e.g. Wilderness Areas, National Forest Special Biological Areas, Nature Conservancy Preserves, 

State Natural Area Preserves, and National and State Parks with a nature focus 

2. Designated for the Conservation of Plant and Animal Communities with Limited Impacts Permitted.

e.g. National Fish and Wildlife Refuges, most State Parks, State Wildlife Management Areas,

and natural Stream Valley Parks

3.  Designated for Natural Resource Conservation and Recreation Use.

e.g. State Parks with a cultural resource focus, most National Forest matrix lands, some private

timber lands, some private lands under open space easement

4. Unknown Management Intent.

These lands need to be investigated further before a management status rank is assigned.

5. No Designation or Management for Conservation of Natural Conditions.

e.g. State or National Parks and Monuments in urban settings, many County, City, and Regional Parks,

sportsman club properties, most Virginia Outdoor Foundation easements, private agricultural

lands and lands used for commodity timber production using non-native species or monocultures,

residential lands, and urban lands



Legal Protection Status (LPS):

1.  Permanent Protection.

e.g. most National Parks, Wilderness Areas, and National Wildlife Refuges, National Forests,

Department of Defense lands, State Forests, State  Parks, State Natural Area Preserves, 

Nature Conservancy Preserves, Permanent Conservation Easements

2.  Long Term Protection.

e.g. National Forest Special Interest Area or Special Biological Area, a long-term conservation

easement, Ag-Forest districts

3.  Voluntary Protection.

e.g. Natural Area Registry properties and voluntary protection by a private landowner or

timber company  (e.g. International Paper’s Special Places in the Forest)

4.  Unknown.

Legal protection status is unknown.

5.  No Protection.

No enforceable policy or regulation or landowner action governs the current or future conservation

use of the managed area.

Conservation Lands Database



Species and Natural Communities Data
üEliminated poor precision records

üEliminated most records with last observation pre-1981

(pre-1969 for unusually stable habitats)

üEliminated reintroductions

üEliminated occurrences w/o fair to excellent viability



Species and Natural Communities Data

Estimated viability/ecological 

integrity

Element Occurrence Ranks (EO-ranks)

A - Excellent

A? - Possibly excellent 

AB - Excellent or good

AC - Excellent, good, or fair

B - Good

B? - Possibly good

BC - Good or fair

BD - Good, fair, or poor

C - Fair

C? - Possibly fair

CD - Fair or poor

E - Verified extant (viability/ecological

integrity not assessed)

Rarity

Global Ranks (G-ranks)

G1 - Critically imperiled in the 

world

G2 - Imperiled in the world

G3 - Vulnerable in the world 

G4 - Apparently secure in the 

world

G5 – Secure in the world

State Ranks (S-ranks)

S1 - Critically imperiled in the state

S2 - Imperiled in the state

S3 - Vulnerable in the state 

S4 - Apparently secure in the state

S5 – Secure in the state

EXCLUDED

D - Poor 

D? - Possibly poor

F – Failed to find

H - Historical

H? - Possibly 

historical

X - Extirpated

X? - Possibly 

extirpated

U - Unrankable

NR - Not ranked



Species and Natural Communities Data

üRetained only Species of Greatest Conservation Need

üEliminated records pre-1977 and coarse data

üAssigned EO-rank of “fair viability” to all records

üAssigned rarity ranks (global and state)



Species and Natural Communities Data

üMerged NH Element Occurrences and DGIF Species Observations

üConverted global rank (G-rank), state rank (S-rank), and viability rank 

(EO-rank) fields to numeric



records that did not intersect conserved lands 

PCS Analysis

Sites

(terrestrial, aquatic)
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Site IDs
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transfer site IDs to species layer

Species and Natural 

Communities 

Table for Analysis

combine tables
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PCS Analysis

Table for Analysis

Sort by:

1. Global Rank

2. Viability (EO-rank)

3. State Rank

4. Management Intent

5. Legal Protection (land)

6. Proportion Conserved

Assign Ranks

Occurrence Conservation Need Score = 

Rank X Proportion Not Conserved

Site Conservation Need Score = 

∑ OCNS



Shenandoah National Park

Wilderness Area

George Washington National Forest

Special Biological Area

Clinch River

Eastern Shore Neotropical

Migratory Bird Corridor

Virginia’s Priority Conservation Sites
lands where stronger protection will benefit

Virginia’s known biodiversity



Local:     Comprehensive Planning

• licensed localities can use PCS data in comprehensive plans

• the Green Infrastructure Center has a MOU to use PCS data to help 
communities develop green infrastructure plans

State:      Conservation Targeting and Project Review

• target lands for acquisition/dedication as Natural Area Preserves

• target other lands for the Virginia Land Conservation Foundation

• used by other state agencies to assess biodiversity significance of 
agency lands and potential acquisitions

PCS Applications

Federal: Project Review and Conservation Planning

• FWS, Virginia Field Office, is using the PCS for project screening

• FWS considering use of the PCS in LCC



Element Distribution Modeling



Element Distribution Modeling
• maps environments predicted to be suitable for occupation by an element

• assumes distribution of predicted environments mirrors actual distribution

• may map gradations of suitability

• uses occurrences of element and environmental features

• deductive or inductive

Deductive approach 

uses species habitat 

preferences to 

identify thresholds in 

environmental layers

Inductive approach 

identifies correlations 

between occurrence 

data and 

environmental layers



Element Distribution Modeling
Environmental Layers

Ç Elevation

• Slope Gradient

• Slope Aspect

• Slope Curvature

Ç Geologic Formations

Ç Land Cover

Ç Hydric Soils

Ç Wetlands

Ç Salinity

Ç Physiographic Province

Ç Landform Position

Ç Topographic Relative Moisture Index

Ç Flood Zones

Other Layers

Ç Element Occurrences

• Source Features

Ç Proximity Modifiers

• minimum convex polygons

• weighted buffers

Ç Fragmentation Features

• Utility ROW

• Roads

Environmental Layers (continued)

Ç Landscape Metrics

• Patch Size

• Patch Shape

Ç Climate Variables

• Temperature Variation

• Precipitation

• Growing Degree Days



Element Distribution Modeling



Element Distribution Modeling



Element Distribution Modeling



State:      Project Review and Field Surveys

• use high potential distributions to trigger surveys during project 
review

• use EDM products to guide staff biologists to unsurveyed areas

EDM Applications

Federal: Project Review and Conservation Planning

• FWS, Virginia Field Office, using EDM products for project screening

- replace county maps

• FWS considering use in LCC

• EPA Office of Pesticides considering use in designating “no apply” 
areas



Observations

Virginia

• collects specimens (observations) for 

certain groups of animals

• has no capacity for observations of 

common species 

• uses state wildlife agency database for PCS 

and EDM

An observation is a detection of a given taxon 

by a particular observer at a specific location at 

a specific time.



Observations
• What types of species do we record 

observations for? (common species, conservation 

concern only, invasive species)

• What types of evidence is used for an 

observation? (sighting, sound, sign, etc.)

• Is any evidence of that species a potential 

observation (tracks, sighting in inappropriate 

habitat, etc.)?

• Can anyone report an observation or just 

experts?

• How are data QCôd?



Observations
MJD observations 

• Species of some conservation concern (= ñat-riskò but 

could also be invasive)

•Identified/verified with confidence (e.g., a Biotics 

source feature w/ negligible or areal estimated uncertainty 

= an observation)

•Points, lines, or polygons

•Made in appropriate habitat

But

Our universe of observational 

data could expand



Data types and potential 
data uses matrix

Va -
NLA-
Type 

PCS -
Type

EDM OBS ς
Cons. 
Concern
+ Valid

OBS ς
Common 
& Valid

OBS ς
ά/ƛǘƛȊŜƴ 
{ŎƛŜƴŎŜέ 

Ecology 
EOs

Project Review/Screening

hǘƘŜǊ ά!ǾƻƛŘŀƴŎŜ {ŎǊŜŜƴƛƴƎέ
- Flight path/noise (DoD)

- Pesticide Regulation (EPA)
- Other

LCCs / Regional & Landscape-
Scale Conservation Planning

Green Infrastructure Plans

EDM

Species Range Maps

Climate Change Studies

Targeting Field Survey s

Other 
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