Data Tools

¢ CAPS * MassAudubon MAPPR
* BioMap2 * MA Wildlife Climate
Action Tool

¢ Critical Linkages
* Stream Crossing

* TNC Resilient &
Explorer

Connected Landscapes
¢ DSL

— Connect the
Connecticut

— Nature’s Network
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Conservation Assessment & Prioritization
System (CAPS)

Assessing ecological integrity and
supporting de n-making for
land conservation, habitat
management, project review &
permitting to protect biodiversity

Landscape Ecology Lab

http:/ /www.umasscaps.org |:|

Ecological Community
Approach

Scott Jackson
University of Massachusetts Amherst




Ecological Integrity

...the long-term capability of the ecological
community to sustain its composition,
structure and function and thus also its
resiliency to stress

The CAPS Analysis Integrity

metrics

Land cover
map

GIS data

Index of Ecological
Integrity

Land cover is mapped based on
several GIS data layers

Roads

DEP Wetlands

Land Cover Map

Scott Jackson
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Ecological Communities
Upland Wetlands & aquatic
Forest Riverine
Shrubland First order low-gradient
Powerline Shrubland First order high-gradient
Open Land (old field) Second order low-gradient
Coastal uplands Second order high-gradient
Sea Cliff -
Vegetated Dune To Fifth order
Coastal Dune Coastal Wetlands & aquatic
Wetlands & aquatic (‘Qastal beach
Palustrine Tidal ﬂ‘at ]
Forested wetland Rocky intertidiil shore
Shrub Swamp Salt marsh
Bog Salt pond/bay
Emergent Marsh Ocean
Pond Estuarine rivers & streams
Vernal Pool First oricr estuary
Lacustrine .
Lake Fifth order estuary
. .
Ecological Setting

..refers to the principal physical and chemical characteristics
at multiple scales that strongly influence the composition,
structure and function of a particular point in the landscape

over the long term and serve to describe and distinguish it
ecologically.

Includes both local environmental conditions and
landscape context

Relatively static at relevant ecological time frames

Ecological conditions may vary in response to natural and
anthropogenic disturbances

Scott Jackson
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Ecological Setting

Flow gradient

Hydroperiod

Ecological Setting Fringe Buttonbush Swamps

>
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,b\'e Riverine
N // Marshes
Intermittent U

Streams
S L Ponds
ksl
o
s}
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kel
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Forested Wetlands Aquatic Bed
- Backwaters
Hydroperiod
Vernal Pools
Ecological Setting Variables
Temperature Chemical & physical substrate
« Growing season degree-days * Soil pH
* Minimum winter temperature * Soil depth

* Soil texture

* Substrate mobility

» Water salinity

* Water CaCO, content

Solar energy

* Incident solar radiation
Moisture

* Wetness/Soil moisture .

Vegetation

Hydrology * Vegetative structure
* Flow gradient
* Flow volume
*Tidal regime * Developed
* Traffic rate
* Impervious
* Wind exposure * Aquatic barriers
* Wave exposure * Terrestrial barriers
« Steep slopes

Development

Physical Disturbance

Scott Jackson
University of Massachusetts Amherst




Calcium Carbonate

Slope |

Soil Depth
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LANESBOROUGH,

CHESHIRE.

. f

/ Wind Exposure‘
(]

Solar Radiation

Similarity

Similarity Matrix \oQ*

* Temperature

« Solar energy

* Substrate

* Physical disturbance
* Moisture

* Hydrology

* Vegetation

* Development

Substrate

(26 Variables) 7

Physical Disturbance

Scott Jackson
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map and other data

Several landscape metrics are calculated based on the land cover

Flow gradient

Similarity

Elevation

¥

Connectedn|

less

Land cover map
L

Habi

at |

Mici

T

Low traffic
effects «
~

High traffic g
effects

CAPS Integrity Metrics: Road Traffic

Low traffic
effects «
~

High traffic g
effects

CAPS Integrity Metrics: Road Traffic

Scott Jackson
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Weighting metrics

weight

A B C D E

weight for each class

Weighting metrics

weight
X
weight

{\_/ ~EE

A B C D E

distance

weight for each class weight by distance

Scott Jackson
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very bad

not so bad

Weighting metrics

inflection
point

- = 5
=, 2 — = 2
g X g g

A B C D E distance distance

weight for each class weight by distance final weights

CAPS Integrity Metrics:
Watershed metrics
*

Full watershed above a point

Metrics weighted by a
time-of-flow model

Scott Jackson

University of Massachusetts Amherst

11



Dock-pier

Groin

CAPS Integrity Metrics

Stressor metrics

Road Traffic

Habitat loss

Microclimatic alterations
Mowing & plowing intensity
Domestic predators

Edge predators

Non-native invasive plants
Non-native invasive earthworms
Wetland buffer insults

Tidal restrictions

Salt marsh ditching

Coastal structures

Beach pedestrian traffic
Beach ORVs

Boat traffic intensity
Emissions intensity

Watershed-based stressor metrics

Road salt

Road sediment

Nutrient enrichment

Dam intensity

Watershed habitat loss
Imperviousness

Hydrological alterations
Impounded

Percent impounded

Altered stream geomorphology
Stream temperature alteration

Resiliency metrics
Similarity
Connectedness
Aquatic connectedness

Scott Jackson
University of Massachusetts Amherst
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Salt Marsh Ditching

Tidal Restrictions

Traffic Intensity

Scott Jackson
University of Massachusetts Amherst
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CAPS Integrity Metrics:
Resistant Kernel Analysis

Similarity Matrix

¢ Temperature

* Solar energy

* Substrate

* Physical disturbance
* Moisture

* Hydrology

* Vegetation

* Development

(26 Variables)

Substrate

Ecological Setting

&0

&S

\0®

Physical Disturbance

Resistant Surface

Scott Jackson

Cell #1: Forest

University of Massachusetts Amherst
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Resistant Surface Cell #2: Forest

Resistant Surface Cell #3: Forested Wetland

Resistant Surface Cell #4: River

Scott Jackson
University of Massachusetts Amherst
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Land Cover

Resistant Surface Cell #1: Forest

Resistant Kernel

Scott Jackson
University of Massachusetts Amherst
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Resistant Surface Cell #2: Forest

Resistant Kernel

Resistant Surface Cell #3: Forested Wetland

Scott Jackson
University of Massachusetts Amherst
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NN ENECEE

Resistant Surface Cell #4: River

Resistant Kernel

Scott Jackson
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Connectedness

Aquatic Connectedness

Metrics are combined into an index of ecological integrity

Similarity
Connectedness

Habitat loss -

Microclimate
alterations

Index of
Ecological Integrity

Scott Jackson
University of Massachusetts Amherst
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Identifying Areas of Statewide and Regional
Significance for Ecological Integrity

Statewide

Ecoregions

‘Watersheds

Statewide Index of
Ecological Integrity (IEI)

Index of Ecological Integrity
Scaled by Watershed (IEI-W)

Scott Jackson
University of Massachusetts Amherst
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Index of Ecological Integrity
Rescaled by Ecoregion (IEI-E)

Integrated Index of
Ecological Integrity (IEI-I)

Scott Jackson
University of Massachusetts Amherst
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BioMap2: Conserving the Biodiversity of
Massachusetts in a Changing World

Scott Jackson
University of Massachusetts Amherst

23



BioMap2 : What is it?

BioMap?2 is designed to guide strategic biodiversity conservation in
Massachusetts by focusing land protection and stewardship on the
areas that are most critical for ensuring the long-term persistence of
rare and other native species and their habitats, exemplary natural
communities, and a diversity of ecosystems.

Why BioMap2?
<€
2001: BioMap - MA Natural Heritage
» Influence public and private decisions/funding, at scale
2001-2010: 170,000 acres protected by all entities

= 117,000 acres (~70%) was in BioMap

= Priorities adopted by state agencies, NGOs
land trusts, municipalities, public and
private funders, etc.

Why BioMap2?

] I
Update the information:

= Integrate BioMap (2001) & Living Waters (2003)

m Account for recent protection & development
= Incorporate new species & natural community data

Enhance the scope to include:
= MA Wildlife Action Plan (2005): Species & Habitats

m Intact Ecosystems and Landscapes
Resilient in the face of climate change

Scott Jackson
University of Massachusetts Amherst
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Conservation Targets

Species (Fine filter)
n MESA-listed Species of Conservation Concern
= Non-listed Species of Conservation Concern from the
State Wildlife Action Plan (SWAP)

Habitats (Fine/Coarse filter)

= Coastal habitats

= Wetlands

= Rivers, streams, lakes, & ponds

m Grasslands, shrublands, & barrens
= Forests

Landscapes (Coarse filter)

Conservation Targets — Examples in Presentation

Species (Fine filter)
n MESA-listed Species of Conservation Concern
= Non-listed Species of Conservation Concern from the
State Wildlife Action Plan (SWAP)

Habitats (Fine/Coarse filter)
= Coastal habitats

n Wetlands

m Rivers, streams, lakes, & ponds

m Grasslands, shrublands, & barrens
m Forests

Landscapes (Coarse filter)

Climate Adaptation Approaches

Conserving Biodiversity in the Face of Climate Change
Heller and Zavaleta, 2009, Lawler 2009

Resistance: Keep it the same
= The ability to withstand a disturbance
Resilience: Maintain ecosystem function
= The ability to recover from a disturbance and
return to a functional state
Transition: New cast, new regimes
m The ability to change to another
ecological state

Scott Jackson
University of Massachusetts Amherst




BioMap2: Climate Adaptation
Strategies for Resistance, Resilience, & Transition

© Loy Spiaink

—_— — T
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Species of Conservation Concern
<€

256 Plant species
111 Invertebrates
7  Amphibians

15 Reptiles
17 Fish
50 Birds

9 Mammals

SWAP Habitats

Vernal Pools

Peatlands and Associated Habitats
Small Scale SWAP Habitats Marshes and Wet Meadows
Rocky Coastlines

Rock Cliffs, Ridgetops, Talus Slopes, and Similar Habitats

Small Streams

Shrub Swamps

Forested Swamps

Lakes and Ponds

Medium Scale SWAP Habitats Salt Marsh

Coastal Dunes, Beaches and Small Islands
Grasslands

‘Young Forests and Shrublands

Riparian Forest

Large and Mid Sized Rivers

Marine and Estuarine Habitats

Large Scale Habitats Upland Forest

Large Unfragmented Landscape Mosaic
Pitch Pine/Scrub oak

Scott Jackson
University of Massachusetts Amherst




BioMap2 Goal: Resilient Wetlands

Resilient
Large, intact, representative, minimally fragmented, etc.

Ty S
Process

DEP Wetlands

DEP Wetlands

Scott Jackson
University of Massachusetts Amherst
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Wetland Complexes

—.

Integrity metrics:
Stressor metrics
= Development & Roads

= Pollution
= Biotic alterations
LIS ical alterations

Resiliency metrics
= Connectedness
= Similarity

BioMap2: Ecosystem Resilience: Index of Ecological Integrity (IEI)
Conservation Assessment and Prioritization System (CAPS)
UMass, Amherst Landscape Ecology Program: Kevin McGarigal, Scott Jackson, Brad Compton

Bl = High IEl [ | =LowlEl
The ability of an area to support
plants and animals and the
natural processes necessary to
sustain them over the long term.

Intact Wetlands

Scott Jackson

University of Massachusetts Amherst
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A Network of Intact Wetlands
Process

Replication

Representative Network of Intact Wetlands

Ecological
Process

Representation

[ BioMap2 Wetlands
[]More disturbed wetlands
Ecological Settings
[l High elevation Granite
[ Mid-elevation Granite
(] Mid-elevation Marble
[ Mid-elevation Sand

Intact Wetlands

Ecological
Process

Scott Jackson

University of Massachusetts Amherst
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A Network of Intact Wetlands
Process

Replication

Representative Network of Intact Wetlands m

Ecological
Process

Representation

[ BioMap2 Wetlands
[]More disturbed wetlands

Ecological Settings
[l High elevation Granite
[ Mid-elevation Granite
(] Mid-elevation Marble
[ Mid-elevation Sand

Protecting the Arena

» 32 teams in the league

« Players changes over time — but
teams remain functional

» Enduring Features: Resilience of
league requires functional teams
represented by a variety of arenas

Scott Jackson
University of Massachusetts Amherst




Protecting the Arena

20 physical settings in MA: Drivers of
species composition

= High elevation granite

= Low elevation marble
Species composition changes over time,
but wetlands remain functional

Enduring Features: Resilience of network
requires wetlands in a variety of settings.

Resilient Wetlands:

<€
Large, buffered, connected Wetland Cores
Representative and replicated
“Protecting the Stage/Arena”
= Selected across physical settings

Intact Forests

Forest Cores
Large forest interior habitat patches

Scott Jackson
University of Massachusetts Amherst
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Forest Core: Identification,
Delineation, Selection & Stratification

|:| Forest: ~3,000,000 acres
Upland Forest + Wetland Forest

Massachusetts Ecoregions

Representation and geographic
distribution of forests, wetlands,
vernal pools, cold water streams, and
landscape blocks

Forest Core: Identification, Delineation,
Selection & Ecoregional Balancing

» Least disturbed/ecoregion & statewide
= Representation across ecoregions

CAPS Index of Ecological Integrity
High: Least disturbed
Low: Most Disturbed

Scott Jackson
University of Massachusetts Amherst
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Forest Core: Identification, Delineation,
Selection & Ecoregional Balancing

Forest Cores

Large forest interior habitat patches
IEI Thesholds
Size thresholds/ecoregion

[l Forest Core ~325,000 acres (~10% of MA Forest)

Intact Forested Landscapes
<€

Landscape Blocks
Large mosaics of natural vegetation
Less developed
Well Connected
Wide ranging species
Ecological processes
Buffering

Anadromous Fish (e.g. Herring, Smelt)
Cold Water Streams (Brook Trout)
Rare Aquatic Species

Scott Jackson
University of Massachusetts Amherst




Coastal Ecosystems

BioMap2 Core Habitat
<€

Core Habitat- 1.2 million acres
Unprotected - 680,000 acres

Ingredients:
Rare, vulnerable, or uncommon species
Priority Natural Communities
Intact forest ecosystems
Intact wetlands
Vernal pool clusters
Aquatic/riparian habitat

BioMap2 Critical Natural Landscape
<

CNL 1.8 million acres
Unprotected 1 million acres

Ingredients:
Landscape Blocks
Uplands buffers (wetland, rivers, and coastal
habitats)

Scott Jackson
University of Massachusetts Amherst




BioMap2

BioMap2 Acres
Core Habitat 1,242,000
Critical Natural Landscape 1,783,000
Total (w/ Overlap) 2,092,000
Unprotected 1,231,000

Scott Jackson
University of Massachusetts Amherst
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The Critical Linkages Project

Landscape Ecology Program
Department of Environmental Conservation
University of Massachusetts, Amherst

Connectedness
A CAPS metric that measures the value land attains from being locally
connected* to land in similar settings.

Critical Linkages |
Assesses the increase in local connectedness (aquatic or terrestrial)
from single infrastructure upgrades (culvert replacement, dam removal,
road passage structures).

Critical Linkages Il
Assesses the effect of multiple landscape changes on regional
connectivity.**

a. Measures the increase in regional connectivity from multiple
infrastructure upgrades (road passage structures) — identify best
set of sites for passages.

b. Measures the loss in regional connectivity from the development of
multiple parcels — identify critical parcels for land protection.

* Local connectivity = homerange, dispersal
** Regional connectivity = multi-generation dispersal, gene flow, range
expansion/contraction

Scott Jackson
University of Massachusetts Amherst




Before
cell1

After
cell1

Scott Jackson
University of Massachusetts Amherst
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A-Connectedness for Roads

Critical Linkages Results: Crossings

Scott Jackson
University of Massachusetts Amherst
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Critical Linkages Results: Dams

CAPS Critical Linkages Concepts

The Three Faces of Connectivity

= Dispersion

= Connectedness

= Conductance A—----

Nodes

BioMap2 Candidate Forest Cores

BioMap2 Candidate Wetland Cores

Lentic portions of BioMap2 Aquatic Cores

BioMap2 Vernal Pool Complexes

Protected Open Space with IEI > 0.7

Size threshold of 200 ha

Scott Jackson
University of Massachusetts Amherst
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A possible route between a pair
of nodes. Somewhere between
the least-cost path (the single
optimal route) and a

(which never really gets
anywhere).

~ Random Low-Cost Path
g\ Node 1

Random Low-Cost Paths

Forest Forested Wetland Shrub Swamp Wetland

Random
Low-Cost
Paths

Scott Jackson
University of Massachusetts Amherst
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Conductance

index’

Conductance
Index

2k

5k
10k

Conductance Index

Scott Jackson
University of Massachusetts Amherst
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Node Importance

Link Importance

Scott Jackson
University of Massachusetts Amherst
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Resilient Sites
Options: Conserve diverse
and connected places

Landscape Diversity

* How many
microclimates?

Landscape Connectivity

* How permeable
is the landscape?

Scott Jackson
University of Massachusetts Amherst
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Landscape Diversity

Microclimates = Options for Species

N/

Landform Variety:
How many landforms in an area
(100 acres around a 30m grid cell)

Landscape Complexity

The variety of landforms, measuring elevation range, and the
density and configuration of wetlands in a 100 acre
neighborhood around every point on the landscape

Landscape
Connectivity

Landscape Connectivity

Based on the CAPS Connectedness metric

Scott Jackson
University of Massachusetts Amherst
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ReeiigahBBREs in Massachusetts

Representing the full diversity of the region

Il More Resilient
Bl Less Resilient

Resilience =
Landscape Diversity
+
Landscape Connectivity
within each setting

Representation: Network of Resilient Sites
“Conserving the Stage”

Geology & Elevation - 62 Settings (Stages)

Enduring features / drivers of diversity / arenas of evolution

Evaluate resilience
one setting at a time

Resilience for Each Setting

Resilience =
Diversity
+
Connectivity

Coarse Sand at Low Elevations

Scott Jackson
University of Massachusetts Amherst
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Flow
(Regional Connectivity)

Maintaining a landscape
that facilitates range shifts
for terrestrial species

Flow

(wall to wall
Circuitscape)

Resilient Sites for Conservation

http://nature.ly/TNCResilience

Scott Jackson
University of Massachusetts Amherst
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Geophysical Setting

Scott Jackson
University of Massachusetts Amherst
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Resilient Sites

Priority Resilient
and Connected
Landscape

Regional Flows

Scott Jackson
University of Massachusetts Amherst
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Regional Flows
Description

Scott Jackson
University of Massachusetts Amherst
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Designing Sustainable
Landscapes (DSL)

>~ CAPS IEI

v

Critical Linkages

Habitat for Representative Species

v

Landscape Change Scenarios

« Urban growth

.

Ecological succession

Vegetation disturbance

.

Climate change

!

Landscape Conservation Design

* Connect the Connecticut
* Nature’s Network

Scott Jackson
University of Massachusetts Amherst

51



Landscape Conservation Design

Scott Jackson
University of Massachusetts Amherst
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Cores & Connectors

Climate Stress

Scott Jackson
University of Massachusetts Amherst
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Probability of
Development

Cores & Connectors

Scott Jackson
University of Massachusetts Amherst
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Mass Audubon MAPPR

(Mapping and Prioritizing Parcels for Resilience)

Choose a pre-
calculated model

Or

Create your own

Scott Jackson
University of Massachusetts Amherst
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BioMap2 with CAPS IEI

BioMap2 with CAPS IEI
+ Conductance

Stream Crossings Explorer http://sce.ecosheds.org/

Scott Jackson
University of Massachusetts Amherst
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Stream Temperature

Stream Temperature Resistance

Scott Jackson
University of Massachusetts Amherst
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