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- Basic methods

Methods
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- Wetlands and Patch communities
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Strengths and Weaknesses
Lessons Learned

- Habitat guides
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- project sound useful for conservation
purposes?  Are there things we can do to
make it more so?

- Any thoughts on the approach?

- Are you willing and able to participate on the
steering committee? Classification team?



Key Partners
Northeast Natural Heritage Programs
NatureServe
Northeast Association of Fish and Wildlife Agencies
USFW North Atlantic LCC
USGS Northeast Climate Science Center
Atlantic Canada Conservation Data Centre
Nature Conservancy Canada
Canadian National Vegetation Classification
Steering Committee of Northeast  Scientists
Help from Todd and Alexa SE GAP



Based on a Standard Ecological System
Classification (2-years to develop)



Ecological Systems: Various Levels of Classificaiton

GAWLER et al. 143 types.

We mapped 121 types -
sometimes collapsed to 96

MACROGROUP Upland Habitats Original Ecological System Name
Alpine Acadian-Appalachian Alpine Tundra Acadian-Appalachian Alpine Tundra
Boreal Upland Forest Acadian Low Elevation Spruce-Fir-Hardwood Forest Acadian Low Elevation Spruce-Fir-Hardwood Forest

Acadian Sub-boreal Spruce Flat Acadian Sub-boreal Spruce Flat
Acadian-Appalachian Montane Spruce-Fir-Hardwood Forest Acadian-Appalachian Montane Spr-Fir-Hwd Forest
Central and Southern Appalachian Spruce-Fir Forest Central and Southern Appalachian Spruce-Fir Forest

Central Oak-Pine Allegheny-Cumberland Dry Oak Forest and Woodland Allegheny-Cumberland Dry Oak Forest and Woodland
Central and Southern Appalachian Montane Oak Forest Central and Southern Appalachian Montane Oak Forest
Central Appalachian Dry Oak-Pine Forest Central Appalachian Dry Oak-Pine Forest
Central Appalachian Pine-Oak Rocky Woodland Central Appalachian Pine-Oak Rocky Woodland
Glacial Marine & Lake Mesic Clayplain Forest Glacial Marine & Lake Mesic Clayplain Forest
North Atlantic Coastal Plain Hardwood Forest North Atlantic Coastal Plain Hardwood Forest
North Atlantic Coastal Plain Maritime Forest North Atlantic Coastal Plain Maritime Forest
North Atlantic Coastal Plain Pitch Pine Barrens North Atlantic Coastal Plain Pitch Pine Barrens
Northeastern Interior Dry-Mesic Oak Forest Northeastern Interior Dry-Mesic Oak Forest
Northeastern Interior Pine Barrens Northeastern Interior Pine Barrens
Piedmont Hardpan Woodland and Forest Piedmont Hardpan Woodland and Forest
Southern Appalachian Montane Pine Forest and Woodland Southern Appalachian Montane Pine Forest and Woodland
Southern Appalachian Oak Forest Southern Appalachian Oak Forest
Southern Piedmont Dry Oak-Pine Forest Southern Piedmont Dry Oak-Pine Forest
Southern Ridge and Valley / Cumberland Dry Calcareous Forest Southern Ridge and Valley / Cumberland Dry Calcareous Forest

Central Oak-Pine/Longleaf Pine Southern Atlantic Coastal Plain Dry and Dry-Mesic Oak Forest / Upland Longleaf Pine WoodlandSouthern Atlantic Coastal Plain Dry and Dry-Mesic Oak Forest / Upland Longleaf Pine Woodland
Cliff and Talus Acidic Cliff and Talus Central Interior Acidic Cliff and Talus

Cumberland Acidic Cliff and Rockhouse
Laurentian-Acadian Acidic Cliff and Talus
North-Central Appalachian Acidic Cliff and Talus
Southern Appalachian Montane Cliff and Talus

Calcareous Cliff and Talus Central Interior Calcareous Cliff and Talus
Laurentian-Acadian Calcareous Cliff and Talus
Southern Interior Calcareous Cliff

Circumneutral Cliff and Talus North-Central Appalachian Circumneutral Cliff and Talus



Ecological System Definition: NatureServe

A mosaic of plant community types/associations that

• co-occur within landscapes with similar ecological
processes (nutrient cycling, disturbance, flooding,
fire)

• similar substrates, and/or similar environmental
gradients (elevation, moisture regime, topographic
setting/local climate, …),

• in a pattern that repeats itself across landscapes.



Hemlock-N. Hardwood Forest
Pine Barren
Acidic swamp
Dry Oak-Pine Forest
Rocky woodland
Wet flatwoods
Rich swamp
Circumneutral Cliff and ltallsu

Oak Pine Forest

Pitch Pine Barren

Acidic Swamp

N. Hardwood Forest
A classification not a land cover map



Region- Wide Grids of
Ecological Information

Confirming Points

Models for each
System



Foundation Datasets
Elevation Geology Landcover

NWI wetlands over NLCD                       Canopy closure                                   Landforms



Foundation Datasets
Categorical Aspect Quantitative Aspect Slope-aspect Index

Topographic roughness NWI wetlands over NLCD Canopy closure



Foundation Data: Landforms

Anderson, Ferree, Olivero , Clark, Prince, Merril, Min, Biasi



NA-LCC
NAP
NAC
LNE
CBY

APP-LCC
HAL
CAP
SAP
CUP

Confirming Samples: US

Natural Heritage Community Element Occurrences
and Plot Data: 50,000+
Vegetation Maps: 100’s
Forest Inventory and Analysis Points: 21,000

NHP                                                  Veg Maps                                           FIA



Time Consuming Step: tagging points
Confirming Points Forest Inventory and Analysis

All the point and
polygon datasets
must be attributed
to the correct
ecological system –
CDC is critical
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A 1891 - - - - 5 - 5 - - - - - - - - - 5 - - - - 5 3 - - - 5 - 5 4 - -
A 1099 - - - - 5 - 5 - - - - - - 5 - - - - - - 5 - 5 - - - 2 5 1 - 3 -
A 1848 - - - - 5 - 5 - - - - - - - - - - 5 - - 5 - 5 3 - - 5 4 5 - - -
A 623 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 3 - - 5 5 3 - 1 -
A 841 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 1 - - 4 5 5 - 3 -
A 845 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 3 - - 4 5 5 - - -
A 993 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 2 - - 3 5 2 5 - -
A 1877 - - - - 5 - 5 - - - - - - 5 - - - - 5 - - - 5 1 - - 4 5 5 - - -
A 1886 - - - - 5 - 5 - - - - - - 5 - - - - 5 - - - 5 1 - - 3 5 4 - - -
A 1894 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 2 - - 4 5 5 - - -
A 1902 - - - - 5 - 5 - - - - - - 5 - - - - - 5 - - 5 3 1 - 4 4 5 - - -

Hired NS staff,
Overlaid points on the foundation
data, Used quantitative tables,
systematic  decisions



Variable AHNHF CADOPF LANHF LAPHHF NECIPOF NEIDMOF MeanDecreaseAcc
ELEV_MEAN 0.29 1.11 2.57 1.37 2.76 0.94 0.66
LPOS_MEAN 0.75 1.49 -0.27 0.54 1.27 0.67 0.63
P_CONIF 0.05 1.16 1.46 2.66 3.2 1.31 0.61
SUBSEC2NAM 0.43 1.21 1.47 2.27 2.57 1.2 0.6
D2H2O_MEAN 0.71 0.93 1.13 0.36 0.91 0.85 0.57
LONG 0.16 1.03 1.64 2.05 3.13 1.1 0.55
TEMP_MAXWM 0.21 1.03 2.03 1.5 2.49 0.86 0.55
PRECIP_WQ 0.25 1.04 1.8 0.19 2.56 0.71 0.55
P_SUMMIT 0.27 1.27 -0.11 0.34 1.37 0.68 0.55
P_DECID 0.11 1.03 0.88 2.66 2.93 1.11 0.55
LAT 0.47 0.87 1.8 1.51 1.57 1.16 0.54
TEMP_MINCM 0.33 1.11 1.86 2 1.37 1.11 0.53
TEMP_MDQ 0.18 0.98 1.91 2.02 1.32 0.96 0.52
P_WETFLAT 0.15 0.89 1.28 0.91 1.43 0.5 0.48
TR_INDEX 0.28 0.85 0.73 0.73 1.72 0.55 0.47
TEMP_ANNRG 0.37 0.87 1.35 1.16 0.98 0.75 0.46
TEMP_MDR 0.26 1.02 1.25 0.86 0.72 0.4 0.46
LPOS_MIN 0.1 0.91 0.58 0.51 1.56 0.68 0.46
PRECIP_MA 0.17 0.77 1.09 0.59 1.44 0.66 0.45
SOLRAD_STD 0.18 1.05 0.63 0.44 1.34 0.13 0.45
ELEV_RANGE 0.17 0.4 0.86 0.55 1.96 0.61 0.43
P_HILLS 0.19 0.56 0.85 0.47 0.6 0.61 0.43
LPOS_STDEV 0.05 0.8 0.95 0.96 1.52 0.6 0.43
PRECIP_CV 0.14 0.94 1.12 0.63 0.94 0.58 0.42

MODELS: Samples + Environmental Data
Final maps are based on models that relate system distribution to ecological variables.

Random forest
output for
dominant forest
types

Acadian Low Elevation
Spruce-Fir-Hardwood



PROB_AHNHF (Appal Hemlock-N. Hardwood Forest) 0.16625
PROB_CADOPF (Central Appal Dry Oak-Pine Forest) 0.49875
PROB_LANHF (Laurentian-Acadian N. Hardwood Forest) 0.00125
PROB_LAPHHF (L-A Pine-Hemlock-Hardwood Forest) 0.00125
PROB_NECIPOF (NE Coastal & Interior Pine-Oak Forest) 0.00000
PROB_NEIDMOF (NE Interior Dry-Mesic Oak Forest) 0.33250

MODELS: Matrix Types.

Used Random Forest to assign probabilities to
a continuous grid of 100 acre hexagons



Simplified
Landforms are
segmented into
subunits using
image objects
(Below)

Thanks to Alexa and Todd,
who did this work





Before: Hexagons



100 acre
hexagons tagged

with the
Random Forests-

predicted
habitat type

Random Forests
predictions of
habitat type

transferred to
segmented

landscape units



Random Forests
predictions of
habitat type

transferred to
segmented

landscape units



Figure 10 (previous slide): Transferring habitat classifications from 100 acre
hexagons to landscape units (LSUs):  Step 2.  In this figure, LSUs and a few local
hexagon shapes have been draped over a three dimensional model of a
landscape in Harriman State Forest in southeastern New York.  Dry, oaky hills are
common in this area.  The patches of probably exposed, dry, shallow-soiled
summit (brown) and warm sideslope (deeper green) have given the circled
hexagon a high Central Appalachian Dry Oak-Pine Forest (CADOPF) score, but
there are also substantial acres of cooler slopes and protected coves within the
hexagon that are unlikely settings for the dry oak-pine system.  The cooler
landscape units within this hexagon can be assigned to appropriate habitats other
than CADOPF, such as the NE Interior Dry-Mesic Oak Forest or Appalachian
(Hemlock-)Northern Hardwood Forest systems.



The Baltimore Mafic Complex.  Shaded in cyan, this as a large
occurrence of ultramafic bedrock in the southern part of the Lower
New England/Northern Piedmont Ecoregion, on the eastern part of
the Maryland-Pennsylvania.

MODELS: Patch Types – Serpentine Barren



Close-up of a portion of the Baltimore Mafic Complex.  Areas of natural
landcover (very little remains in this largely agricultural landscape) and
occurrence of ultramafic bedrock are outlined in red.  Shades of green
indicate levels of canopy cover, with darker green for higher levels.
Gridlines demarking the edges of USGS 1:24,000 topographic quads are
added for scale reference.



Active River area exclusion.  An active river area (ARA) grid (shades of
purple) identifies moist alluvial areas that were excluded from the
serpentine woodland model.  Areas of natural landcover and
occurrence of ultramafic bedrock are outlined in red, and low canopy
areas within them are in cyan.



The final model (in cyan) is probably an over mapping of the extent of
this system; but it communicates an idea of where we can look for
expressions of the serpentine woodland habitat, or places where a
restoration of fire could help to bring back this uncommon system.



A wetland
complex in
northern Maine
(Northern
Appalachian/
Boreal Forest
Ecoregion)

MODELS: Patch Types – Wetlands



Canopy
cover in the
area of the
wetland
complex



Wetland
systems in
the complex



Accuracy tests only by overlay

Pitch Pine Barren
Acidic Swamp
Rocky Oak Woodland
CI Pine-Oak Forest
App Hemlock-N
Hardwood Forest



Accuracy: overlay
System Communities Count
Appalachian Shale Barrens 136

Central Appalachian Shale Barren VA 55
Shale barren vegetation WV 31
Shale Barren MD 30
Virginia pine - mixed hardwood shale woodland PA 11
Red-cedar - mixed hardwood rich shale woodland PA 5

Central Appalachian Alkaline Glade and Woodland 25
Shale barren vegetation WV 6

Central Appalachian Dry Oak-Pine Forest 192
Shale barren vegetation WV 13
Dry Oak-hickory-hophornbeam Forest VT 10
Appalachian oak-hickory forest NY 6
Chestnut oak forest NY 6
Oak / Heath Forest VA 5

Northeastern Interior Dry-Mesic Oak Forest 379
Shale barren vegetation WV 26
Montane Depression Wetlands VA 13
Herbaceous vernal pond PA 12
Marsh & river marsh WV 11
Appalachian oak-hickory forest NY 10



SYSTEM_NHB SYSTEM_TNC Percent

alpine/subalpine bog system Acadian-appalachian montane spruce-fir-hardwood forest 39

alpine/subalpine bog system Acadian-appalachian alpine tundra 2

alpine/subalpine bog system Laurentian-acadian acidic cliff & talus 10

alpine/subalpine bog system N. appalachian-acadian rocky heath outcrop 28

alpine/subalpine bog system Laurentian-acadian calcareous rocky outcrop 20

alpine/subalpine bog system N. appalachian-acadian conif-hardwood acidic swamp: isolated 1

alpine/subalpine bog system Acadian-Appalachian Subalpine Woodland & Heath-Krummholz Added

Black text:  “correct”
Red-brown text:  “questionable to incorrect”
Green text:  newly added additional correct crosswalk

New Hampshire NHB Alpine-subalpine bog systems –
overlap with terrestrial habitats



NWI Shrub-scrub wetland

NWI broadleaf evergeen
shrub swamp

Conifer forest

New Hampshire NHB Alpine-subalpine bog systems – NLCD-NWI



Acidic cliff-talus

Rocky heath
outcrop

Montane Spr-firBoreal-L-A Acidic
Basin Fen

Calc cliff-talus

N. Hardwoods typic
N. Hardwoods

high conifer

Wet meadow/
shrub swamp

New Hampshire NHB Alpine-subalpine bog systems – NE Terrestrial Habitats



Conifer forest

NLCD
shrublands

Deciduous
forest

New Hampshire NHB Alpine-subalpine bog systems – NLCD-NWI



Acidic cliff-talus

Rocky heath
outcrop

Montane Spr-fir

Northern hardwoods

New Hampshire NHB Alpine-subalpine bog systems – NE Terrestrial Habitats



NA-LCC
NAP
NAC
LNE
CBY

APP-LCC
HAL
CAP
SAP
CUP

Lessons Learned
Have you any idea of the unsettled-ness this induces? I can’t get to all the places your
models predict we have some interesting system (habitat? community?), I don’t believe
all the predictions, but can’t counter them. Part of the plan, I suppose, try to get us to
go and look. Might even work! - P.Swain MA Ecologist

-Good buy-in,  Folks like the ecologically based models, Northern New England, WV
and NY are really trying to use it in their SWAP plans.

- Agency biologists largely do not understand the classification. To resolve we created
the habitat guides

-Need systematic process for incorporating revisions:  Should be easy to upgrade with
new NLCD for instance.  Already incorporated more info for floodplains,  high
mountain wetlands,  shale barrens,  red spruce uplands

-Essentially ignores ruderal habitats – these are of interest to many



System
Descriptions: 1

• Map
• Description (NS)
• Similar Habitats
• Ecological Setting
• Securement
• Wildlife

– Birds
– Herptiles
– Mammals
– (From Literature)



• Photo
• Rare Species
• Crosswalk to State

Names
• Places to see the

Habitat
• Stand Age and Size
• Facts of interest

System
Information: 2





Conservation Gateway

Data, Methods, Guides



Low elevation Spruce-Fir–Hardwood
Sub-boreal Spruce Flat
Northern Hardwood forest
Pine-Hemlock Hardwood Forest

Proposed area
for expansion

THANK YOU



Matrix Forest



Not sure how to stratify the
mapping



Before…

…After



PROB_AHNHF (Appal Hemlock-N. Hardwood Forest) 0.16625
PROB_CADOPF (Central Appal Dry Oak-Pine Forest) 0.49875
PROB_LANHF (Laurentian-Acadian N. Hardwood Forest) 0.00125
PROB_LAPHHF (L-A Pine-Hemlock-Hardwood Forest) 0.00125
PROB_NECIPOF (NE Coastal & Interior Pine-Oak Forest) 0.00000
PROB_NEIDMOF (NE Interior Dry-Mesic Oak Forest) 0.33250

Wetlands, devel’d areas, &
agriculture have been masked
out & appear in white



Predicted
system:

Prob1 / Prob2

Landscape Units
LS_unit 1:

Summit/ridge
LS_unit 4: Sideslope

warm
LS_unit 3: Sideslope

cool
LS_unit 5: Cove,

bottom of steep slope
Lsunit 6,7: low

hills, flats

NEIDMOF /
CADOPF
(92,386

hexagons) CADOPF

If prob_CADOPF >=
0.1 & if focalmean

landposition
< 50, CADOPF, else

NEIDMOF

If prob_CADOPF >= 0.1
& if focalmean landposition

< 40,
CADOPF, else NEIDMOF

If prediction3 = SCIMF*
& SCIMF is mapped

within 600m,
SCIMF; else if

prediction3 = AHNHF &
it is mapped within

600m, AHNHF; else
NEIDMOF cool-moist

If prob_CADOPF
>= 0.1 & if

focalmean solar
radiation >= 90,

CADOPF;
otherwise

NEIDMOF

NEIDMOF /
AHNHF (27,287

hexagons)
CADOPF Split between CADOPF

& NEIDMOF with
landposition as above

Split between CADOPF &
NEIDMOF with

landposition as above
AHNHF cool-moist

Split between
CADOPF &

NEIDMOF with solar
influx as above

NEIDMOF /
SCIMF* (33,537

hexagons)
CADOPF

If prob_CADOPF >=
0.1 & if focalmean

landposition
< 45, CADOPF, else

NEIDMOF

If prob_SCIMF* >= 0.1 &
SCIMF is mapped within

600m & focalmean
landposition > 45, SCIMF;
else if prob_CADOPF >=

0.2 & focalmean landpos <
40, CADOPF; else

NEIDMOF

If SCIMF* is mapped
within 600m, SCIMF;

else if prob_AHNHF >=
0.1 & AHNHF is mapped

within 600m, AHNHF;
else NEIDMOF cool-

moist

If prob_SCIMF* >=
0.2 & SCIMF is
mapped within

600m & focalmean
landposition ge 55,

SCIMF; else if
prob_CADOPF >=
0.1 & focalmean
solar radiation >=

90, CADOPF;
else NEIDMOF

We know that in this region, Central Appalachian Dry Oak-Pine Forest & Northeast Interior Dry-Mesic Oak
Forest & Appalachian (Hemlock-) N. Hardwood Forest all occur in immediate proximity & grade into one
another;  that AHNHF occupies the lower land position, moister/cooler settings; that NEIDMOF covers
many mid-slope areas; that CADOPF occupies high land position sites & warm slopes and hills

* South Central Interior Mesophytic Forest


