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Empirically Based

×Comparable to how we identify and rank 

both Element Occurrences and 

Standard Sites

üThe use of ground records gives us a great 

deal of credibility when we recommend 

conservation actions for a particular area



Landscape Integrity Indicators

×Landscape integrity indicators are 

species that are sensitive to habitat 

fragmentation

üAreas where these species still occur are 

inferred to have low levels of 

fragmentation, hence high landscape 

integrity



Landscape Integrity Indicators

×Landscape units themselves are 

defined as blocks of habitat containing 

concentrations of these indicator 

species

üOur definition of landscape does not 

depend on size, spatial configuration, or 

habitat complexity

üWe define landscapes on multiple scales, 

wherever habitat fragmentation is an issue



Indicator Species 

Characteristics

×Includes only animals



×Compared to plants:

üAnimals need to move around to find food 

and other resources

üAnimals need to move around to find 

mates; gene flow is carried out by the 

movement of individuals

üAnimals have fewer adaptations for 

surviving catastrophic events on site

ÅAre frequently metapopulation-dependent

Indicator Species 

Characteristics



×Includes species that are particularly 

affected by the isolating effects of 

habitat fragmentation

üExcludes highly mobile species (including 

migrants)

USFWS

Bald Eagle

Indicator Species 

Characteristics



×Includes species that are particularly 

affected by the isolating effects of 

habitat fragmentation

üExcludes highly mobile species

üExcludes highly sedentary species

Ventrinizonites latissimus

Indicator Species 

Characteristics



×Includes NHP Elements, but also 

includes a much wider range of species

üThe main criterion is their sensitivity to 

habitat fragmentation rather than their 

rarity

Indicator Species 

Characteristics



Eastern Box Turtle

Scarlet Tanager

Northern Pearly-Eye

Bobcat



×Includes NHP Elements, but also 

includes a much wider range of species

üThe main criterion is their sensitivity to 

habitat fragmentation rather than their 

rarity

üSensitivity, moreover, must be to 

fragmentation of a specific type of habitat

Indicator Species 

Characteristics



Indicators as Habitat Specialists

×Species living side-by-side view 

habitats, and hence landscapes, in very 

different ways



Venus Flytrap Moth

American Black Bear

Red-Cockaded 

Woodpecker



American Black Bear



Red-Cockaded 

Woodpecker



Venus Flytrap Moth



Habitat Definition

×Habitats are based primarily on Natural 

Communities (i.e., vegetation 

communities)

üTypically are composed of combinations of 

communities

üCan overlap extensively (unlike plant 

communities)



Habitat Definition

×Habitats included in this analysis range 

from highly specialized to very general



Northern Flying Squirrel

NatureWorks

High Elevation Mesic Hardwood and Mixed Forests



Piedmont Dry-Wet Hardwood and Mixed Forests

Eastern Box turtle



Habitat Definition

×Includes semi-natural habitats



NC WRC

Northern Bobwhite

Early Succession Mixed Herb and 

Shrublands



Habitat Definition

×Includes at least one habitat that is not 

based on vegetation communities



Wikipedia

Wikipedia

Kevin Adams

Bobcat

Least Weasel

Timber Rattlesnake

Black Bear

Three Top Mountain

Game Land

Sparsely Settled Mixed Habitats



Indicator Guilds

×Analysis is based on groups of species 

that share associations with the same 

habitat type

üThese groups are termed guilds, since they 

are defined according to function rather 

than taxonomy



Ixobrychus exilis

Lepidoptera

Archanara oblonga

Bellura obliqua

Ledaea perditalis

Leucanopsis longa

Poanes viator zizaniae

Birds

Agelaius phoeniceus

Ixobrychus exilis

Rallus elegans

Mammals

Oryzomys palustris

Piedmont Freshwater Marshes



Indicator Guilds

×These groups are more specifically a 

type of indicator guild*

üThe function that characterizes the group is 

their sensitivity to fragmentation of a 

particular type of habitat

*Verner, J.  1984.  The guild concept applied to management of bird populations.  Env. Mgmt. 8:1-14



Indicator Guilds

×These groups are more specifically a 

type of indicator guild

üThe function that characterizes the group is 

their sensitivity to fragmentation of a 

particular type of habitat

üWe term these guilds Landscape/Habitat 

Indicator (LHI) Guilds, due to their joint 

sensitivity to habitat type and landscape 

integrity



Indicator Guilds

×LHI Guilds are only defined where we 

can identify a minimum of four 

specialists for a given type of habitat



Piedmont Open Mires

Lepidoptera

Neonympha areolatus septentrionalis

Ancyloxpha numitor

Euphyes dion

Macrochilo hypocritalis

Macrochilo louisiana

Herps

Hyla cinerea



Indicator Guilds

×There is no upper limit to the number of 

indicator species that we include in a 

given guild

üThese species are representing their own 

interests rather than serving as surrogates 

for some other group

üEach species counts towards the measure 

of integrity calculated for a given landscape 

unit



Salamanders

Desmognathus aeneus

Desmognathus fuscus

Eurycea junaluska

Eurycea longicauda

Eurycea guttolineata

Plethodon aureolus

Plethodon chattahoochee

Plethodon cylindraceus

Plethodon ventralis

Pseudotriton montanus

Pseudotriton ruber schenki

Frogs

Pseudacris brachyphona

Birds

Buteo lineatus

Empidonax virescens

Polioptila caerulea

Dendroica cerulea

Limnothlypis swainsonii

Seiurus motacilla

Oporornis formosus

Butterflies

Autochton cellus

Anthocharis midea

Anthocharis midea annickae

Speyeria diana

Moths

Abrostola ovalis

Low Elevation Montane Wet-Mesic Hardwood and Mixed Forests

Bent Creek 

Experimental Forest



Guilds as NHP Elements

×LHI Guilds are defined as NHP 

Elements, comparable to both Natural 

Communities and Animal Assemblages

üGroup entities defined by ecological 

features

üSubject to all of the specifications and 

standards of other NHP Elements



Guilds as NHP Elements

×LHI Guilds are assigned an Element 

Rank (State Rank) based on their rarity 

or degree of threat
ü S1 = Critically Imperiled in North Carolina

ü S2 = Imperiled

ü S3 = Vulnerable

ü S4 = Apparently Secure (but uncommon)

ü S5 = Secure (widespread and/or common)



Savannas and Wet Sandy Herbaceous Swales

State Rank = S2S3



Dry-Wet Hardwood and Mixed Forests

State Rank = S5



×Landscape units representing Element 

Occurrences for the LHI Guilds

Core Areas



Core Areas

×Only include residential habitat

üForaging areas

üSheltering areas

üMating grounds

üJuvenile habitat



A Braswell

Ambystoma tigrinum

Rana capito

A Braswell

A Braswell



Core Areas

×Can be continuous blocks of habitat or 

clusters of closely adjoining units



Holly Shelter Game Land

Cicindela gratiosa

Spilosoma dubia


