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Projects To Date: 

Aquatic Habitat Classification 

1.Northeast Aquatic Habitat Classification  

2.Northeast Aquatic Habitat Guide  + Linked Revisions 

3.   A Stream Classification System for the Appalachian Landscape 

Conservation Cooperative  

4.  Southeast Aquatic Classification 

 

 Aquatic Condition 

1.Conservation Status Report  

2.Geospatial Habitat Condition Assessment  

3.Northeast Aquatic Connectivity Assessment  

4.Southeast Aquatic Connectivity Assessment 

 

Aquatic Resilience to Climate Change 

 



1. Northeast Aquatic Habitat 

Classification System 
  

 Product: Developed a standard 
regional stream and river classification 
to consistently represent flowing water 
habitat types across the region.   

 

 Process: Workgroup of representatives 
from all states and some federal 
partners (>30 participants) worked 
together for 2 years 

 

• Used monthly workgroup calls to 
review state classification, potential 
variables, testing, and thresholds in 
these variables. 

 

 Funding: NEAFWA + TNC 

 Completed Sept. 2008 

         http://rcngrants.org/spatialData 

 
 

  





RESULTS 
4 Major Variables 

 
7 size classes 

6 gradient classes 

3 geology classes 

4 temperature classes 
 

= 259 combinations of the 

above 4 variables occur 

 
Example: 

headwater, very high gradient, 

acidic, cold 

Size Class Description Definition (sq.mi.)

1a Headwaters 0<3.861

1b Creeks >=3.861<38.61

2 Small Rivers >= 38.61<200

3a Medium Tributary Rivers >=200<1000 

3b Medium Mainstem Rivers >=1000<3861 

4 Large Rivers >=3861<9653

5 Great Rivers >=9653

Gradient Class Description

Definition (slope of stream 

channel (m/m) * 100)

1 Very Low Gradient <0.02%

2 Low Gradient >= 0.02 < 0.1%

3 Moderate-Low Gradient >= 0.1 < 0.5%

4 Moderate-High Gradient >=0.5 < 2%

5 High Gradient >=2 < 5%

6 Very High Gradient >5%

Geology Class Description

Definition (index based on 

cumulative upstream 

geology; only applied to size 

1a, 1b and 2 rivers)

1 Low Buffered; Acidic 100-174

2 Moderately Buffered; Neutral 175-324

3 Highly Buffered; Calc-Neutral 325-400

Temperature Estimated Natural Temperature Regime Definition

1 Cold

2 Transitional Cool

3 Transitional Warm

4 Warm

Complex rules; see CART 

analysis and final rules on 

Temperature Metadata 

worksheet



2. Aquatic 

Habitat Guide  

Objective: Simplify the classification 

to ~50 major types and create a guide 

to the Northeast Aquatic Habitat 

Classification System. For each type 

include: description, distribution, 

picture, associated species, 

associated natural communities, etc.  

  

Funding: NEAFWA , TNC, NA LCC 

 

Due Date: Streams Sept. 2013, Lakes 

Dec. 2013 
 



Scope of Work 

1) Simplify the Stream Classification, Add Tidal, Add 

Lake Classification, Explore River Confinement Class 
 With steering committee, hold web-ex conference calls to come to consensus 

regarding the simplification and revisions to the aquatic habitat types. 

 

 2) Habitat Guide 
Develop a simple report format for each habitat type and populate it with:  

Description of stream type 

Distribution Map  

Environmental Setting 

Associated Fish and Mussels 

Crosswalk to SWAP types 

Photo 
 

 3) Review  
Input and review from the committee and others will be critical 



Size 
 

From 7 to 4 suggested classes 

 

1) Headwaters (1<3.861 sq.mi.) 

 and Creeks (>= 3.861<38.61 sq.mi.) 

2) Small River (>=38.61<200 sq. mi.) 

3) Medium Rivers 

 (>=200<1000 sq.mi.) 

4) Large Rivers 

 (>=1000<3861 sq.mi.)  
 (measure = upstream drainage area) 



Gradient 
 

Results: From 6 classes to  

 

3 Classes for Headwaters/Creeks 

1) High >= 2% 

2) Medium >= 0.5 <2 

3) Low <0.5 

 

2 Classes for Rivers (small-large) 

1.High >= 0.02% 

2.Low < 0.02% 

 
Measure = rise/run * 100 



Geology 
 

3 Classes for headwaters, 

creeks, and small rivers. 

 

1)Low buffering capacity, 

Acidic (100-200*) 

 

2) Moderate buffering capacity, 

Neutral (200-300*) 

 

3) Highly Buffered, Calcareous 

(300+*) 

 
Note this attribute was not 

modeled for medium-large rivers.  

All medium-large rivers were 

assumed to have neutral 

chemistry. 

 

measure = Norton buffering 

capacity index value of upstream 

geology in the watershed.  

 



Temperature 
Natural Expected Water Temperature 

 

From 4 classes to 3  

1) Cold 

2) Transitional Cool 

3) Warm 

 
measure = based on CART  

Statistical model predicting class 

based on using the following  

variables of stream size,  

cumulative air temperature,  

stream gradient, baseflow index. 

 



Tidal 
 

3 classes 

 

1)Headwater-Creek (size 1a and 1b): 
Alewife, Blueback Herring 

 

2)Small-Medium River (size 2, 3a): 
Alewife, Blueback herrring, American 

Shad, Hickory Shad, some Alewife and 

Blueback 

 

3)Large River (size 3b-4): Striped 

Bass, Sturgeon 

 

 



 

27 Headwater/Creek 

18 Small River 

6 Medium River 

4 Large River 

3 Tidal 

 

Simplification Results: 58  Types 

Major Type # Sub Types Total Miles ME NH VT MA CT RI NY NJ PA MD DE DC VA WV

Headwater/Creek 27 165,029 12 13 12 13 15 10 21 21 23 19 11 4 24 21

Small River 18 19,645 10 9 12 5 4 4 13 8 12 8 4 1 12 5

Medium River 6 9,185 6 6 5 4 4 2 6 2 4 2 2 0 2 2

Large River 4 5,361 2 4 4 4 2 0 4 2 2 2 0 0 2 2

Tidal 3 14,881 3 2 0 3 3 2 3 3 3 3 3 3 3 0

TOTAL 58 214,101 33 34 33 29 28 18 47 36 44 34 20 8 43 30

DRAFT: January 2013 

 



Total Miles ME NH VT MA CT RI NY NJ PA MD DE DC VA WV

6,337 Y Y Y Y Y Y Y Y Y Y Y

Headwater/Creek, High Gradient, Acidic, Cold

Example: Cold, Acidic, High Gradient, 

Headwater/Creeks 



Example: Headwater-Creek, High Gradient, Acidic, Cold 
 

Habitat Description:  

• Cascade and step-pool habitats where channels are narrowly confined; bed 

materials of bedrock, boulders, and cobbles; coldwater habitats with fast moving 

water; low elevation/coastal variants rare, common for headwaters <10sq mi to 

have closed canopy, leading to more dominance by plecoptera and 

det shredders in general, fewer macro algae shredders, more scrappers.  

 

Associated Animals and Plants 

• Fish: Brook trout; Brook-trout with Slimy sculpin, Blacknose dace 

• Crustacea and Mollusca: Given the low ph and alkalinity very few crustacea 
and mollusca except for crayfish, cambarus bartoni. 

• Other Macroinvertebrates: acid tolerant leaf shredders, low species diversity:  

• Plants: acid tolerant bryophytes, algae, macrophytes 

 

Associated State Community Names: VT Cold headwater acidic mountain 
stream, subset of MA Small Streams, RI Upper Perennial, NY Coldwater 
Stream, CT Coldwater Stream, PA Atlantic Basin Fish Coldwater Community, 
MD Coldwater 



3. A Stream Classification System for 

the Appalachian Landscape 

Conservation Cooperative    

 The goal of this project is to 
develop a hierarchical 
classification for stream and 
river systems within the 
Appalachian Landscape 
Conservation Cooperative 
(LCC).  Guided by workgroup of 
state representatives. 

 

 Final products will include:  

1) a GIS stream data set based on the 
NHD+ medium resolution stream 
reaches attributed with the selected 
classification variables such as stream 
size, gradient, geology and pH, 
temperature, and hydrologic class. 

2) Report describing the method used to 
develop the classification,  

 
Funding: APP LCC + TNC 
 
Website: 

http://applcc.org/projects/aquatic
-habitat-classification 

 
Due: Nov. 2014 
 
 
  

 



Process 
 

• Month 1-3: Develop a steering committee of aquatic ecologists 

and hydrologists from the Appalachian LCC states. Develop 

contract with Ryan McManamay for Hydrologic classification 

and model. 

•   

• Month 1-6: Compile existing classification reports and GIS data 

for the region, and collect literature on approaches to 

hydrologic, geomorphic, and temperature classifications.  

•   

• Month 3-22. Initiate monthly conference calls with steering over 

to develop consensus regarding the classification approach , 

key variables, and to review modeled GIS outputs.  

 

 



 



4. Southeast Aquatic Classification 
• The objective is to develop some basic 

stream classification attributes for the 

entire SARP region and to provide 

more detailed attributes in the eastern 

section of the SARP geography where 

additional data and modeling capacity 

is readily available.  

 

• This final product is a mapped data set 

of information that can be used to 

classify stream reaches.  This product 

has been reviewed/developed with 

help of a small steering committee and 

will be considered an initial draft 

classification system which should be 

refined in the future by further research 

and application by SARP users. 

 

• http://sifn.bse.vt.edu/sifnwiki/index.php/

SIFN_Classification_Expert_Review 
Due March 30, 2013 



Attributes: 

 
Entire Region:  

Size Class: drainage area and mean annual flow 

Unit Runoff Coefficient 

Gradient Class 

Ecological Drainage Unit 

Freshwater Ecoregion 

 

 

Additional Reach Catchment 

Variables for Eastern Region 

Baseflow Index 

Northeast Temperature Class Applied 

Available Water Capacity (SSURGO) 

Soil Organic Carbon (SSURGO) 

% Sand 

% Silt 

% Clay 

% of  13 Landforms 

% of NLCD 2006 Land Cover 

Modeled Hydrologic Class 

 

 

 



Condition Analyses 
1. Conservation Status Report 

River and Stream Metrics 
•Riparian Secured Land 

•Riparian Land Cover Conversion 

•Impervious Surfaces 

•Dams: Type and Density 

•Dams: Connected Network Length 

•Flow Alteration 

•Brook Trout Status 

•Wadeable Stream IBI 

•Nonindigenous Species 

•Fish Fuanal Intactness 
 

Funding: NEAFWA + TNC 

Report: 

http://conserveonline.org/workspaces/ecs/docu

ments/northeast-conservation-status-report-

april-2011/view.html 



Rivers:  Secured 

Riparian Land 
.   

 

Conversion of riparian habitat exceeds securement 2:1, as 

27 percent of stream riparian area is converted to 

development or agriculture and 14 percent is secured for 

biodiversity or multiple uses.  
 

 

-40% -20% 0% 20% 40% 60% 80%

Total

Great River

Large River

Medium Mainstem River

Medium Tributary River

Small River

Creek

Headwater

River and Stream Buffer Land: Conversion vs. Securement

Non-Secured Developed Non-Secured Agriculture GAP1&2 Total GAP 3 Total Non-Secured Natural



Connected Networks 

FIA data 

6952 stands 

Original State: falls only Current State: falls and dams 

Original  = 41 

%  in networks 

over 5,000 

miles long 

Current =    0 

%  

 

 

Original =     3 

%  in networks  

1-25 miles long 

Current  = 23 

%  





Evaluates the condition of 

terrestrial and aquatic 

habitats in the Northeast 

and Mid-Atlantic. 

 

Analyze the condition of 

each of the revised 

northeast stream and river 

classification types. 

 

Will provide a report and 

database that can be 

queried to feed into State 

Wildlife Action Plans. 

 

Funding: NEAFWA + TNC 

 

Due: Sept. 2013 

2. A Geospatial Condition 

Analysis of Northeast Habitats  



Possible Stream and River Metrics 

Biotic and Geophysical Indicators 

•Richness: XX rare species found within 100m of this habiat type 

•TNC Portfolio: XXX miles of this type are identified in the portfolio 

•SWAP Portfolio: XXX miles of this type are identified in the portfolio 

 

Ecological Setting  

•Length of this habitat 

•Mean size of Funcationally Connected Network containing this habitat type 

•Largest Funcationally Connected Network containing this habitat type 

•Mean # of Stream Types in a Functionally Connected Network of this habitat type 

 

Human Modification 

•Mean and SD of Housing Density Pressure on this Habitat 

•% of this type’s miles that intersects a core terrestrial area 

•Intactness of ARA Score for this habitat type  

•Length of miles of this habitat type in each of 4  dam storage impact categories 

•# Dams and Density of Dams on this habitat type 

 

Securement 

•% of 100m buffer in securement 

•% of Secured Land by GAP Status 

•% of Secured Land by Ownership Classes 

•Secured Land by % Interest Types 

 

 



 Northeast Aquatic 

Connectivity Assessment 
Funded by NEAFWA + TNC 

Completed 2011 

http://rcngrants.org/content/northeast-aquatic-

connectivity 

 

 Southeast Aquatic 

Connectivity Assessment 
Funded by South Atlantic LCC + TNC 

Due Sept. 2014 

http://www.southatlanticlcc.org/page/projects-

1?projectid=1465119 

 

3. Aquatic Connectivity 

Assessments 
Erik Martin (emartin@tnc.org) 



Conceptual Approach 

• Calculate a host of metrics for every dam & allow users to weight the 

relative importance of each metric for their purposes 

15 miles 

connected 

river upstream 

2 other dams 

downstream 

3 road crossings/acre 

in upstream 

watershed 4% Impervious in 

upstream watershed 

Current habitat for 3 

Anadromous 

species downstream 

of dam  

In a watershed with 

healthy brook trout 

populations 

40 total river miles 

upstream 

On a size ‘3b’ river 

90% natural LC in 

upstream watershed 

2 rare mussel spp in 

watershed 



Metrics Combined 

• The hypothetical ‘best’ 
dam would have…. 

 
– The longest connected 

networks 

– 0% impervious surface 
in its watershed 

– 100% natural landcover 

– The most rare fish 

– The greatest diversity of 
native fish 

– Etc., etc., etc., 

 



Northeast Aquatic Connectivity 

Assessment 
 

Results:  

– Compiled and qc’d 28,103 
dams 

– Workgroup consensus on 
ranking scenarios  

 

– Metric weights = quantify 
objectives/priorities for a given 
scenario 

 

– Results depict which dams have 
the potential to provide the most 
benefit for a given scenario if 
mitigated 

 

 

– Custom analysis tool – user 
defined scenarios: metric weights 
& extent 

 

 

Anadromous fish 

Resident fish benefits 

Relative benefit for anadromous  

fish if mitigated 

 more 

 less 

Relative benefit for resident 

fish if mitigated 

 more 

 less 





Chesapeake Fish Passage 

Prioritization 
• http://maps.tnc.org/EROF

_ChesapeakeFPP 
• Grew out of the NE Aquatic 

Connectivity project 

• Funded by NOAA / USFWS 

• Same conceptual framework as NE 

• Incorporates additional regional data 

(water quality, biological) 

• Higher resolution input hydrography 

(1:24,000) 

• Project workgroup 

 

• Custom analysis tool  
– user defined scenarios: metric 

weights & extent 

– Web-map based  
• easier to use 

• Faster 

• graphic results 

 

 

http://maps.tnc.org/EROF_ChesapeakeFPP
http://maps.tnc.org/EROF_ChesapeakeFPP


Southeast Aquatic Connectivity 

Assessment  
 

• TNC / SARP Co-Lead 

• Project Kickoff Jan 2013 

• Completion Dec 2014 

 

• Follows same conceptual 

framework as NE project 

 

• Web map – based custom 

analysis / decision support tool 

Southeast Aquatic Connectivity 

Study Area 





DRAFT RESULTS 

3/2013 



What are your primary data sources (model inputs) 

and how can data be shared across project 

teams? 

 • NHD: National Hydrography Dataset Plus (use the many value added attributes from NHD…) 

• NLCD: National Land Cover Dataset, derived Impervious Surface 

• NED: National Elevation Dataset and derived Active River Area Modeled Floodplain 

• Bedrock Geology: state datasets crosswalked to ecological categories 

• STATSGO/SSURGO Soils 

• Conservation Land: Compiled by TNC from multiple state, federal, local, and NGO sources 

• Roads 

• Urban Growth Projections (Theobald, Purdue group) 

• Wadeable Stream Assessment, USEPA 

• National Lake Assessment, USEPA 

• EBTJV: Brook Trout models 

• Natural Heritage Program EO data for species and aquatic communities 

• State Fish and Game fisheries datasets  

• State dam databases 

• Federal dam databases 

• All of these data are shareable except for the state fish and game 

fisheries datasets, natural heritage program data, and some state dam 

databases. 

 



What opportunities do you see for 

collaboration and model integration? 

• These data support State Wildlife Action Plans and Federal LCC planning; 

goal is to make our data more seamless and easy to integrate into their 

plans (e.g. Geospatial Condition Analysis Project….) 

 

• Other ecological researchers  (Universities, NGOs, state agencies, etc.)  

 

• Dam prioritizations and condition information can be inputs to other, finer-

scale work (e.g. these can be the benefit in a cost/benefit optimization for a 

given watershed ) 

 

 



What are your primary science and data needs or 

most important technical challenges? 

 
• Data collection & normalization from many disparate sources  

• (state dam data, state and federal fish and macroinvertebrate data, 

water quality data, stream temperature data, state wildlife action 

plans, secured land… 

• Lack of fine scale groundwater mapping 

• Lack of regional compilation of water withdrawal and return data. 

• Lack of ground truthing/QC of our verified flood satellite image 

analysis 

• To date we have not been able to use the stream temperature 

continuous monitoring network data given volume/complexity of 

material. Also issues with data access and spotty coverage of the 

locations across stream types in the region.  

•   

 



Who are your target audiences (users) 

and how are you engaging them? 

 • NEAFWA and LCC and other state/federal groups looking for a regional perspective. 

• State Fish and Game agencies who are looking for assistance in SWAP planning, 

particularly in providing a regional context for their target habitat types. 

• People working on fish passage projects: state fish passage coordinators & other 

agency staff, federal agency staff (e.g. NOAA), non-profits (e.g. American Rivers), 

watershed groups 

• Non-profit Conservation Organizations 

• Greater ecology research community 

 

• We have been engaging them by having them involved in the workgroup which helps 

guide and review the projects throughout their development. 

• We have posted our reports online and are currently working to get our datasets 

online. 

• We have produced a simplified State of Nature report with funding from Sweetwater 

Trust to take some of the results of the Conservation Status report and convert it to a 

publically digestible format. 


