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Terrestrial 
Resilience: 
 
Natural 
Strongholds 
 for Climate 
Change 

Green:  More Resilient   
 
Brown: More Vulnerable  
 
Yellow: Average 

This work is the counterpart to the 
Eastern Terrestrial Resilience Project.  

It is based on the importance of  
conserving the geophysical stage  



Functionally Connected Networks 

 

 The set of streams 
bounded by 
fragmenting features 
(dams) and/or the 
topmost extent of 
headwater streams.  
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What Makes A Stream Resilient? 
 

• Network Complexity   
– Number of size classes  

•  Physical Diversity 
– Length of connected linear miles 

– Diversity of Temperatures 

– Diversity of Gradients 

• Ecological Condition 
– Lateral connectivity – naturalness of floodplain 

– Unimpeded flow 

– Pervious /permeable watersheds 
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What Makes A Stream Resilient? 
 

• Network Complexity   
– Number of size classes  

•  Physical Diversity 
– Length of connected linear miles 

– Diversity of Temperatures 

– Diversity of Gradients 

• Ecological Condition 
– Lateral connectivity  

– Unimpeded flow 

– Permeable (pervious) watersheds 

 

 

 

 

 

What Makes a Stream Resilient? 

Counterpart of 
Landscape 
complexity 

Counterpart of 
Local 
Connectedness 



 

        Network Complexity 
• A wide variety of size classes (types) of streams 

and lakes increase the options for species 
persistence 

 



Med. Mainstem:  1000-3900 sq. mi. 
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Headwaters:  1-4 sq. mi. 

Small Lakes:  <200 acres 
 
Large Lakes:  >200 acres 

Creeks:           4-39 sq. mi. 

 Small River:   39-200 sq. mi. 

 Med. Tributary: 200-1000 sq. mi 

 Large River:  3900 - 9600 sq. mi. 

Great River:  9600+ sq. mi.  
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Number of Size Classes 



 

                

Counting Size Classes 
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Network Diversity Threshold 

We counted the # of size classes of streams, rivers, and lakes within each network.  Networks 
with a complexity level of 5 or higher were selected as a complex set to further evaluate. 
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                 Diversity 
 

• Long networks provide room for the daily and 
seasonal movements of the inhabitants        

 

• A variety of temperatures and gradients - warm 
quiet waters to fast cold waters – provide ample 
microhabitats 

 

 



Diversity  
Length, Gradient, Temperature 

The diversity and  
length of the network 
limits movement for 
spawning, feeding,  
finding refuge during 
times of stress, and 
for dispersal and 
colonization. 
 

B= 25 miles 

Cold 
High Gradient 

Moderate Gradient 
 Warm 
 Low Gradient 

1) # of Size classes 
  

3) Number of 
Temperature Classes 

4) Number of 
Gradient 
Classes 

2) Length of the 
entire Network 



 

                 Condition 
 

• Intact floodplains with mostly natural cover 
ensure that stream organisms have access to 
their nutrients, food and space resources. 

 

• Permeable watershed in mostly forested cover 
and unimpeded upstream rivers with few dams 
ensure a natural flow regime.  

 



                                         Condition 

Few impervious surfaces.  

Naturalness of 
the floodplain 

Unimpeded flow 
(% mean annual flow)  



Integration  
  

Complexity Threshold:  
# of stream, river, and lake size classes >= 5 
 
Diversity Score: = sum of normalized scores for:  
• Length 
• Gradient 
• Temperature 

 
Condition Score: = sum of  normalized scores for:  
• Floodplain naturalness (ARA size 2)  
• Dam storage 
• Imperviousness surfaces 

 



Results 

• 346 networks meet the  complexity threshold  
of >= 5. The next set of maps show only these 
networks 

  

• Maps highlight classes based on standard 
deviations relative to the mean score for all 
networks containing size 2 rivers (1468) 

 
 

  

 



 
 
 
Colors match this legend for the thicker 
size 2+ rivers; headwaters are shown  
thinner and with a 50% transparency 
which lightens their colors 

Complex Networks (346) 
In the next set of slides the 
stream networks will look like 
blobs of color.  



Comparisons are made within:   

Fish Subregions 

    Portions of 
Freshwater 
Ecoregions that 
have a similar 
fish fauna.  



Above Average for  

Diversity  
AND  
Condition  
 
 
 
(within Fish Region) 
Highlight Networks that score 
at/above the mean in both 
Diversity and Condition in Fish 
region or Regional (0.5, 211) 
 
 
 
 
 



Above Average for  

Diversity  
but not Condition  
 
 
 
 
(with Fish Region) 
Highlight Networks that score 
at/above the mean in both 
Diversity and Condition 
(95) 
 



Above Average for  

Condition  
but not Diversity  
 
 
 
 
(with Fish Region) 
Highlight Networks that score 
at/above the mean in both 
Diversity and Condition 
(26) 
 



Examples (AA in Both) 
Catskill Creek 
Battenkill River      
Rish Creek 
Otter Creek 
White River      
Upper Hudson River     
Ausable River      
Lamoille River      
Mississquoi River      
Rapid River      
Upper Androscoggin River      
Ashuelot River      
Millers River     
Qunegaug River      
Upper Housatonic River      
  



Portfolio Rivers 
 
Ranked by their Freshwater 
Resilience Score  

The Nature Conservancy’s 
Freshwater Portfolio is 
comprised of representative 
stream networks that score high 
for both condition and natural 
aquatic diversity 
 
 
 
The map shows which networks 
also score high for climate 
change resilience – and which 
one s do not.  
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