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Vulnerability and Resilience 
 

Highly Vulnerable Highly Resilient 
Limited capacity to adapt Large capacity to adapt 

Resilience: Definition 
The capacity for renewal in a dynamic environment 

- Gunderson 2000 
The ability of a social or ecological system to absorb 
disturbances while retaining the same basic structure 
and ways of functioning 

- IPCC 2007 

How much of adaptive capacity is based on location and context? 




Our aim is  

to match 

seamlessly 

with SE GAP 

map –

creating a 

map for the 

whole 

eastern 1/3 

of the 

country

 

Overlaid 18,705 

Rare species 

locations 

Serpentine Aster 

Serpentine 

Bicknell’s thrush 

High elevation 

Granite & mafic 

Piping Plover 

Sandy beaches 

Alasmidonta Mussels 

Limestone rivers 



  rests)

 

Physical Habitats
Ecosystems: biotic community plus geophysical setting

Steep slopes \ Cliffs 

Coves 

Summits 

Flats and gentle slopes (Fo 

Tidal marsh & Beach 

Riparian 

Rivers & Stream Freshwater wetlands 



  

 

Ran  all possible  1-4 variable linear models: 
Importance values for the top 284 models with R2 over 0.90 

Variable AICw

# of Geology classes 0.99

Calcareous bedrock 0.83

Latitude 0.53

Max elevation 0.42

Elevation range 0.35

Mean annual temperature 0.20

Mean temp during the coldest month 0.12

Shale bedrock 0.10

AIC = Akaike 

Information 

Criterion 



  
  

      

       

    

Species Diversity 
1) # of Geology  types, 2) Latitude, 3) Amount  of calcareous  substrate and 4) 

Elevation range 
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Predicted Species Diversity 

Adj. R2 = 0.94* P = 0.0000 

Anderson, M. and C. Ferree. 2010. Conserving the Stage: climate change and the geophysical 

underpinnings of species diversity. PLoS ONE .5(7) 36 p. http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0011554 
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 Number of geology classes for 885 rare species 

(G1-G3 or T1-T3)



 

 

  

CONSERVING THE STAGE:

Create arenas for evolution not museums of the past.

OLD: 
Cattail (Typha latifolia) – Marsh Marigold (Caltha palustris) marsh 

Cattail (Typha angustifolia, latifolia) – Bullrusch (Shoenoplectus spp.) marsh 

NEW:
Freshwater marsh ecosystem on shale at low elevation. 

Freshwater marsh ecosystem on granite at high elevation

Limestone valley bottom forest at low elevation

Shale slope woodland at moderate elevations



  

 

Summits in the Northeast Portfolios

Mafic -low 
Mixed 

Granite 

Sedimentary 

Sedimentary: Quartzite 
Intermediate (mafic) 

Granite 



 
   

 

 
  

 

It is still about species 

Baseball analogs: 
Team remains but players change from 
year to year. 

Functional group: positions 

Needs the ballpark and needs the 
network of other ballparks 

Even though players change, people 
obsess over team composition 

Best predictions are always full of 
surprises. 

Farm system 



   

 

  

  

 

A “stage” approach complements the challenge of thinking about climate 

change species-by- species 

Goals: 

1) Represent all geophysical settings 

2) Maintain process and function to build 

adaptive capacity at sites 

3)Maintain connectivity between sites. 



Estimating the Adaptive Capacity of a Place

Heterogeneity 

Elevational gradients 

Topographic diversity 

Connectivity 

Local Connectedness 

Four points of 
Regional pinch points agreement of 

team 



Heterogeneity 
Landforms control the distribution  of 

moisture,  nutrients and climatic effects 

More Heterogeneity 

=  more options  for 

species  to move and 

rearrange at a given 

site 

Ridges 

Summits 

Side-slopes 

Toe-slopes 

Cliffs 

Coves 

Valleys 

Wetlands 

Mt. Mansfield Mt. Mansfield 

LandformsLandforms

NN



Adirondacks: Landforms



   

Landform diversity: range 1-11. 
Summed for a 100 acre circle around every 30 meter cell 



   

    

Elevation diversity:  elevation range summed for a 100 

acre circle around every 30 meter cell 



    

  

Summed scores for 1) landform diversity and 2)

elevation range, calculated for every 30 meter cell 



 

  

  

LOCAL CONNECTEDNESS

How easily can a species or process move outward from a point

resultpoint

Value

High Connectvity

Low Connectivity

Resistant Kernel Analysis:  created by Bradley Compton UMASS



 

 

 

Ensures that it 

is physically 

possible to 

move and 

adjust 

Local 

Connectedness 
(Based on Compton’s 

resistant kernel 

analysis) 



 SITE  RK mean = 1 



Site  RK mean = 5



 Site RK mean = 23



Site Rk mean = 54



 Site RK mean = 96



Local Connectedness: Summed  scores for  every 30 

meter cell based on a resistant kernel analysis. 



Resilience Grid: Summed scores for 1) landform diversity, 2) 

elevation  range, and 3) local  connectedness, calculated for every

30 meter cell 

 



Resilience scores: 
Region  & Great Bay  (fine surfici al) 



Goshen pass / Buck hill cave: limestone barren, calc 

woodland, portfolio  cave system, james spiny  mussel, 

smooth cone flower addison leatherflower, portfolio  stream 



Resilience Grid: Summed scores for

1) landform diversity, 2) elevation  range, 3) connectedness, 
calculated for every  30 meter cell 



           
           
             
             
           
           
       
                 
             
                 
             
         
       
       
       
         
         
               
                 
     
     
             
         

       
   
       

Berkshires / Mt Riga: Diversity 
676 47387.1831 

EO Species  Carex schweinitzii ‐ Schweinitz's  Sedge ‐‐ 1  

EO Species  Crotalus horridus ‐ Timber Rattlesnake ‐‐
EO Species  Crotalus horridus ‐ Timber Rattlesnake ‐‐ Boston Corners 

EO Species  Crotalus horridus ‐ Timber Rattlesnake ‐‐ Robert Brook 

EO Species  Glyptemys muhlenbergii ‐ Bog Turtle ‐‐
EOCom Acidic  Red/black  Spruce  Basin Swamp ‐‐ ‐
EOCom Acidic  Rocky Summit/outcrop ‐‐ ‐
EOCom Acidic  talus slope  woodland ‐ Acidic  Talus Slope  Woodland ‐‐
EOCom Calcareous Basin Fen ‐ Calcareous Basin Fen ‐‐
EOCom Calcareous Forest  Or  Woodland ‐ Calcareous  Forest  Or  Woodland ‐‐
EOCom Calcareous Sloping  Fen ‐ Calcareous  Sloping  Fen ‐‐
EOCom Circumneutral  Maple/ash Basin Swamp ‐‐ ‐
EOCom Circumneutral  Seepage  Swamp ‐‐ ‐
EOCom Circumneutral  Spring  Fen ‐‐ ‐
EOCom Highly Alkaline  Lake/pond ‐‐ ‐
EOCom Limestone Outcrops ‐ Limestone Outcrops ‐‐
EOCom Medium fen ‐Medium  Fen ‐‐
EOCom Pitch  pine‐oak‐heath  rocky summit ‐ Pitch  Pine‐Oak‐Heath Rocky Summit 

EOCom Pitch  Pine‐scrub  Oak  Ridgetop ‐ Pitch  Pine‐scrub  Oak  Ridgetop ‐‐
EOCom Poor  Fen ‐‐ ‐
EOCom Rich Fen ‐‐ ‐
EOCom Scrub  Oak  Barrens ‐ Scrub  Oak  Barrens ‐‐
EOCom Seepage  Swamp ‐ Seepage  Swamp ‐‐
M  Mt. Washington ‐Mt. Riga 

Portfolio  Streams  (miles) 

Portfolio  Streams  Size  1  (miles) 
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47302.2803 

26.8853 

12.0175 

Current 
Biodiversity 
Very High 



                        

LISBON SWAMP REGION: STL

                                   

? 
Deep and shallow  marsh, shrub swamp, rich  

fen, cedar swamp, bog, Blanding’s turtle, 

bittern,  loon, pied-billed  grebe, sparse-flower 

Grassland Bird concentration,  



 

ECOLOGICAL 

SYSTEM 

MAP 



Measure  the 

resilience 

and 

geophysical 

representation

of  our 

protected 

lands 

  



• Goal:  Identify freshwater systems that will  

be  more  resilient than others in the face of 

climate  changes. 

• We have just begun outlining potential 

hypotheses, useful datasets, and analysis  

approaches. 

• Expect to implement analysis  in 2011 for 

the Northeast and Mid-Atlantic. 



cover.

   

   

 

 

 

 

 

 

  

   

 

 

   

 

Initial Draft 

Hypotheses: 

Freshwater Resilienc

is dependent upon  

having…

1. Connected Habitats 

Linear – A connected stream network that 

e spans the diversity of ecosystem types in 

its drainage.  This diversity includes the 

elevation, geomorphology, river size, and 

the drainage network position of connected 

lakes, streams and wetlands. 

Lateral: Undeveloped riparian and floodplain 

area that is functionally connected to the 

stream channel network.  For example, the 

floodplain is not incised, levied or 

developed so that the area can still flood 

and provide laterally connected habitat if 

natural ecological flows are present. 

2. Natural Ecological Flows: timing, 

volume, duration of high and low 

flows 

3. Located within a larger terrestrial 

landscape dominated by natural 



 

1a. Assessment of Linear Connected 

Stream Habitats: NEAFWA Grant, due March 2010

• 13  states ME – VA 

• Developed regional 
dam database  snapped
to 1:100,000  NHD 
hydrology

• >30,000  dams, of 
which ~14,000 will be 
used in the analysis of 
connectivity of rivers 
with drainage  area >1 
sq.mi.



  

 

Functionally connected Stream Network = connected set of stream reaches 

ended by either headwater endpoint or dams within which a fish could swim

We developed an ArcGIS Barrier Analysis Tool (BAT) to “cookie cut” the stream 

network with the dams and quickly generate  functionally connected stream 

networks and basic attributes for each network and dam



  

 

Can begin to answer 

questions such as…. 

What is the Current Distribution 

of Network Lengths 

Class Frequency 

1 (0-10mi) 2297 

2 (10-25) 145 

3 (25-50) 47 

4 (50-100) 27 

5 (100-250) 9 

6 (250-500) 3 



  

 

 

 

 

 

 

Where are the longest

unfragmented networks between 

all dams?

10 Longest Networks: 
Length Watershed(s) 

761.4 Mainstem, Williams, Black, White 

386.2 Mainstem, West 

292.3 Mainstem, Scantic, Farmington, 

Mattabesset, Eightmile, Salmon, 

Hockanum 

217 Mainstem, Fort, Deerfield, 

Mill/Manhan, Mill/Amherst, 

Roaring Brook 

192.8 Mainstem, Ompompanoosuc 

169.1 Westfield 

155.8 Chicopee 

112.4 Mainstem 

104.1 Ottauquechee 



 

 

 

Calculate Diversity Metrics within each Functional 

Network and Query Networks on these Diversity

Metrics: 

An Example... 

Where are  

networks with 

>= 3 stream 

sizes and 

>= 50 miles in  

length? 

How many 

stream  size 

classes are  

connected  

within  each 

network? 



  

  

Can use diversity variables in the NEAFWA Stream classification such as 

gradient, geology, expected natural temperature, elevation range, etc. to 

measures diversity within networks 



1b. Assessment of Laterally Connected 

Habitats:

Is riparian and 
floodplain 
area adjacent 
to rivers in 
natural land 
cover? 



 

 

  

 

How to map floodplains 

and riparian areas? 

Built regional model of the 

Active River Area: GIS 

model calibrated using the 

100 year FEMA floodzone 



  

   

 

 2. Assessment of Natural Flow Regimes

Verification: Current Extent of Flooding 

Satellite Image During Dry Satellite Image During Wet Flooded Area vs. Modeled 

Season (fall) Season (Spring) Active River Area 



 
 

 
 

  
  

 
 

• A satellite image analysis was used to 
compare low flow and high flow 
imagery and extract pixels that were 
inundated in spring but dry in fall. 
These verified flooded pixels within 
the floodplain were summarized to 
report what % of the floodplains in 
the region are still receiving verified  
flooding. It can be reported by river 
size and state. 



3. Larger Landscape Intactness



 FEEDBACK? 

QUESTIONS?

THANK YOU



 

 

 

Next step: Stream Resilience

Stream System Map

This simplified map 

identifies 92 types.

Example: 1b(5,6)11: 

High gradient, acidic coldwater creek 



Linking our solutions with the 

State Wildlife Action Plans & LCCs

Terrestrial Habitats Aquatic Habitats

Classifications and maps that join 14 states into a single system 

Acidic 

high gradient 

cold creek

THANK YOU 

-



Connectivity: Flow Concentration Areas  (E-W) 



 

  

 

Analysis area 

Focal tile 

Regional Data layer 

Ran Circuitscape 

E-W and W-E 

N-S and S-N 

Scaled to tile and 

to Region 

http://www.google.com/imgres?imgurl=http://www1.istockphoto.com/file_thumbview_approve/2693506/2/istockphoto_2693506_wood_marble_maze.jpg&imgrefurl=http://ackk.wordpress.com/page/5/&usg=__isfkUka9498YyYMAABK2guIIiM8=&h=326&w=380&sz=95&hl=en&start=6&um=1&itbs=1&tbnid=zCuxv1GxF-k6zM:&tbnh=106&tbnw=123&prev=/images?q=marble+maze&um=1&hl=en&sa=N&tbs=isch:1


Connectivity:
Regional Pinch 

Points
Based on circuit  theory and 

McRae’s 

circuitscape 



 

   

Summed scores for 1) landform diversity, 2) elevation range, 3) 

local connectedness, and 4) flow concentration areas 



Resilience scores
Left : Sum of 3 components Right: sum of 4 components



 

                                    

 Applying the Metrics to Sites 

Individual Biodiversity Features Landscape-scale Site 

Specie 

s 

Forest Block 

Community Ecological 

Setting 

Strea 

m 



 

 

Final Set of Sites: 
Based on portfolio and reviewed by states

578 sites in NAP 

Range from 250 acres 

to 1 M acres, 

Ave 55K acres 

10 geology types 

All  conservation  targets 

have passed  criteria for size  

condition  and context 



3T All above 

the mean 

except 

topographic 

diverstiy

  

  

 

  

Limestone:
Sites of very high biodiversity value. 

= 

-

Sites > 50% Calc or Granite 

or 

Site >50% Calc and Mod Calc with 

Calc as the highest proportion 

or 

Site >50% Granite and Mafic with 

granite as the highest proportion 



“Above  average & way above  average”
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   Don’t know the thresholds but can determine better and worse sites 

Above Ave.   Way Above Ave. 

1Sd 2Sd



 

 

(L1061) 

 

 

 

MIN 2 HAB_MIN 1 

MAX 6 HAB_MAX 9 

RANGE 4 HAB_RANGE 8 

MEAN 3.99 HAB_MEAN 5.1 

STD 1.26 HAB_STD 

M0D  3 (L1063) 1.6 

HAB_MED 5 

MIN 5 MIN 1 
MAX 10 MAX 9 
RANGE 5 RANGE 8 
MEAN 7.9 MEAN 7.06 
STD 1.04STD 1.23 
MOD 8M0D  6 (L992) 
(L904) 

Landform Diversity 

HAB_MIN 1 

HAB_MAX 11 

HAB_RANGE 10 

HAB_MEAN 6.2 

HAB_STD 1.5 

HAB_MED 6  (1182) 



MIN 2 MIN 7 MIN 12 ER_MIN 18 
MAX 6   MAX 47 MAX  113 ER_MAX 323 
RANGE 4 RANGE 40 RANGE  101 ER_RANGE 305 
MEAN 3.98 MEAN  21.2 MEAN 58.2 ER_MEAN 157.9 
STD 1.26 STD 8.95 STD 18.7 ER_STD62.3 
MED 32 MEDE 19  MED 58 ER_MED 155

 

ER_MIN 0 

ER_MAX 630 

ER_RANGE 630 

ER_MEAN 76.9 

ER_STD 68.6 

ER_MED 54 

Elevation Diversity



Sites:  Calcareous Example

Berkshires / Mt Riga



ID  676 Mt Riga - Mt Washington (Berkshires) 

MIN MAX RANGE MEAN STD MEDIAN REG_AA Normalized Score CALCAREOUS _AA

Elevation 0 358 358 87.00 63.82 69 2 0.568254 2 Way above average

Topography 1 11 10 6.89 1.34 7 1 0.772314 0 Average

Connectedness 0 75 75 33.48 25.08 36 1 0.343445 1 Above average

Pinch points 2 0.581334 2 Way above average

 

Berkshires/Mt Riga: Resilience

SCORE:  3T:  
Great for connectivity and elevation. 

Average for topography (but high, mean = 6.9)



  

   

                                                             

? 
Landforms Elevation Connectedness Pinch Sum

Range 0-7 0-42 0-54

Mean 4.6 10 21 0.79

SD 1.2 6 17

SCORE -1 -1 0 1 1ETC 

SCORE; 1ETC 

Deep and shallow marsh, shrub swamp, rich fen, cedar swamp, bog, 

Blanding’s turtle, bittern,  loon, pied-billed grebe, sparse flower, 

Grassland bird concentration, 




