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Conservéion Assessment and Prioritization System (CAPS)
Statewide Massachusetts Assessment: November 2011

Introduction

The Conservation Assessment and Prioritization System (CAPS) is an ecbagstéiftoarse

filter) approach for assessing the ecologio&grity of lands and waters and subsequently
identifying and prioritizing land for habitat and biodiversity conservatitie. define ecological
integrity as the ability of an area to support biodiversity and the ecosystem processes necessary
to sustain bodiversityover the long termCAPS is a computer software program and an

approach to prioritizing land for conservation based on the assessment of ecological integrity
for various ecological communities (e.g., forest, shrub swamp, headwater stezaogshe

landscape

In November2011 the Landscape Ecology Program at the University of Massachusetts Amherst
completed its first comprehensive, statewide assessment of ecological integrity usingT@aPS.
results from this assessment are available from oubs#e:www.masscaps.ordrhe results

are available ifiour formats.

1 Georeferenced TIFF files (GeoTIFFs) for download and usinadlk viewers, &b
browsers or GIS software

1 Arc grids available for download and wsih GIS software

1 Maps for each city and town in Massachusetts depicting Integrated Index of Ecological
Integrity (IEI) scores
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A companion document, CAPS Technical Giidiee available in the near futuyewill discuss
CAPS in considerably more detail, including the conceptual underpinning, model verification,
and more detailed descriptianof individual metrics.

Overview of CAPS

The first step in the CAPS approach is the characterization of both the developed and

undeveloped elements of the landscape. Developed land uses are grouped into categories such

as various classes of roads and gks, highntensity urban, lowdensity residential,

agricultural land, and other elements of the human dominated landscape. Undeveloped
OaylGdz2NF € é¢0 fFYR A& YIFLILISR 06 aSRforesycoss@zt 23A0!I
beach, shrulswamp,saltmarsh, bog, pond).
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With a base map depicting various classes of developed and undeveloped land, we then
evaluate a variety of landscagiel 8 SR @I NA I 6f S& O0aYSUNROaA&e 0 F2NJ
metric may, for example, take into account the r@iddf A YI GA O Ff GSNFX GA2ya | &
SF¥FSOhaz¢ AyiuSyaridge 2F NRIFIR GNIYFFAO Ay (GKS @A
effects of human development on landscape connectivity.

Integrity metrics- Beginning with a digital base mapplcting various classes of developed and
undeveloped land and a number of auxiliary layers representing anthropogeniataites

(such as road traffic anchperviousness) and ecologiovariables (such as wetness atceam
gradient),we computeda variay of landscape metrics to evaluate ecological integrity for every
point in the landscapeA metric may, for example, take into account how well a point in the
landscape is connected to similar points, the intensityraffic on nearby roads, or the

expeded vulnerability to invasions by exotic planégpendix C lists the landscape metrics used
in CAPS.

Various metrics are applied to the landscape and then integrated in weighted linear
combinations as models for predicting ecological integfiityis procss results in a final Index

of Ecological Integrity (IEI) for each point in the landscape based on models constructed
separately for each ecological communitytermediate results are saved to facilitate analysis
thus one can examine not only a map of fireal indices of ecological integrity, but maps of

road traffic intensity, connectedness, microclimate alterations, and s®ote that metrics do

not apply to developed lardall cells corresponding to developed land cover types are given an
index ofecdogical integrity(IEI) scor®f zero, even though we recognize tretmedeveloped

land may contribute to the conservation of biodiversity.

Combining Metric ResultsResults from the landscape metrics are rescaled, weighted, and

then combined into an owvall index of ecological integritfzirst, the results of each metric are

rescaled by percentiles for each community so that, for instance, the best 10% of marshes have
values? 0.90, and the best 25% have valide8.75.This is done to adjust faifferences in

units of measurement among metrics and to account for differences in the range of metric

values for each communitithe rescaling by community done to facilitate identification of
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towards the dominant, matrsforming communitiegi.e., forest)

Next, the rescaled values are weighted (weigdrsassigned bgxpert team$, to reflect the
relative importance of each metric for each community (Appemjiand then added together
to compute an overall index of ecological integritiwus, the final index of ecological integrity
for each cell is a weighted combination of the metric outputs for that cell, based on the
communitywithin whichthe cell falls



Identifying and Prioritizing Land for Conservatietion¢ Among its many uses, the index of
ecological integrity can be used alone or in combination with other approachieentify and
prioritize landfor conservationThe index can be used, for examptejdentify the top 10% or
30% of the landikely toprovide the greatest ecological valoger timeand providingan

effective and credible basis for strategic land conservatibis important to note that the
ecological integrityscores folanddeperd on the geographic extent of the analysis ar€his is
because the rescaling of the metrics is done to identify the best of the available Yattise
GFr@rAatrotS flyRaé¢ @I NRSa Thasiithie bestegamMdofdK A O 2 Ol
particularcommunity within a certain geographic extent might be a relatively poor example
when assessed over a much larger extémtr this reasonCAPS can rescdlee index of
ecological integrity to reflect conditions within geographidtsthat make upthe full area of
analysisTheNovember2011 CAPS assessment provides results at three geographic scales:
statewide, majowatersheds, and ecoregions

Project Area

This analysis was done for the entire CommonweaftMassachusettEstuarine waters and
salt pondswere included, but open oceanm®t treated as a community by CAE®&ita

limitations at state boundaries affect values near the borders with other states, though all of
our metrics correct for edges (with the assumption that conditions beyond data extges
similar to those in the vicinity}zlow volume and stream sizes for rivers flowing into
Massachusetts are accounted for, using flow accumulation data from the National Hypingg
Dataset. Although the Spring 2009 CAPS run included all of Massachubéttss the first
version tofully assess coastal community types udimg coastal metrics.

Methods
Input Data

GIS data from a variety of sources were combined to create a base map depicting natural
communities, developed land types, and roaflppendix B describes the GIS data ugdd.
data are mapped in 30 m gridBhe final land cover layer depicts natural communities,
development and roadsSeeAppendix E for a description of natural communities, and
AppendixH for the land cover classifidan. Other datalayers depict subsets of this final land
cover, including roads, railroads, and streams lay&rset 0of23 Ecological Settings variables
(Appendix D) describe abiotic, vegetational, and anthropogenic attributes of eacRioally,a
number ofancillary layers are used by specific metridsese includelevation,flow direction,
flow resistance, and traffic rates.



CAPS Analysis

The full details of the CAPS analysis conducted for this project are beyond the scope of this
report (see theforthcomingCAPS Technical Manudyiefly, once the input data layers are
created, analysis in CAPS requires a model to be defined for each natural community or broad
ecological systen® I OK 02 Y Y dzy A (i Ss@lectiny@nriber ofSnétiiemd vieghting
them by importance for that communityl.his model parameterization was originally done by
three expert teams as part of the Housatonic watershed pilot projotexpert team for

coastal communities met in 2018dditional parameterization and sonmecessary

modifications were done for this project by Kevin McGarigal, Scott Jackson, and Brad Compton
Andy Finton, Alison Bowden, and Jessica Dyson TitmenNature ConservancyNG provided
valuable insights into parametershe metrics selected for ea®f the communities and their
relative weights are listed in Appendix

The parameterized model is run on the input layers using the CAPS software, written at UMass
by Brad Compton and Eduard Effiéis software produces an output grid for each metric.

Metrics fall into two groups: stressor metrics (suchr@dtraffic, invasive plantsor nutrient
enrichment), andesiliencymetrics (similarity, connectedness, and aquatic connectedness)
Stressor metrics measure anthropogenic stressors that reducentbgrity of a site, while
resiliencymetrics measure the intrinsic ability of a sitert@mintain its ecological integrity,

despitethe impact of anthropogenistressorsResiliencynetrics, in reflecting the current
landscapedo take into accounanthropogenic stressors such as road traffic and impervious
surfacesThe threeresiliencymetricsare based on the ecological distance among cells

computed usindhe ecological settings variableescribed in Appendix.D

These output grids are rescalagieighted, and combined into final index of ecological integrity
(IEI) valuesThe IEI for each cell is a weighted combination of the metric outputs for that cell,
based on the communitin which the cell fallsSResults are rescaled by percentiles, so tiat,
instance, the best 10% of marshes have vatu@<90, and the best 25% have valide8.75.A
separate analysis allows each cell to be assessed in the context aftéssiaed or ecoregion.

For these analyse the IEI is rescaled by percentiles witbath watershed or ecoregioRor
example, if the IEI is rescaled by watershed, a marsh with a value of 0.85 would be interpreted
as being in the 85th percentile of marshes for its watersiW#tien rescaling by the full extent
(statewide) the highvalued faests are primarily in western Massachusetts; rescaling by
ecoregion or watershed spreads high IEIs more equitably across the state.

We rescaled results at three extents (full extent, rescaled by major watershed, and rescaled by
ecoregion), plus a finaltegrated rescalingThe integrated rescalingsesthe maximumscore

from statewideand watershedanalysedor each cell iwetland and aquatic communities, and

the maximumscore fromstatewideand ecoregioranalysedor cells inupland communities.
Theresulting IEI is then rescaled again by community to preserve the interpretation (i.e., the
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top 10% of IEI values represent 10% of the landsc&®®.Table 1 for a summary of the various
IEls.

Table 1. Summary of different scalings of the Index of Eaalblitegrity.

Grid name Extent Explanation

IEI statewide Each community is scaledross the full extenfstatewide)

IEIE by ecoregion Each community is scaled separately within each ecoregion
IEIW by watershed  Each community is scaled separateithin each major watershed
IEH integrated IEI result for each community are integrated using combinations

statewide, watershed and ecoregion results

CAPS treats the results for each community separately, thus IEI should be compared only within
communities.IEl is a relative measure, thus a powerline shrubland may have a highekgling

that it has high integrity compared to other powerlirtethis does not imply that it is pristine,

or that it has more integrity than a mediuhil wetland.

Data Accuracy and Limitations

TheGIS dataised in CAP&mesfrom a variety of sources, and the quality of these data are
variable.We integrated these data sources into a single land cover map, with several parallel
data layers, including settings variabbesd other ancillary layer$Ve put considerable effort

into integrating these input layers in ways that maximized the accuracy of available data, while
making sure the final map generally makes sense, both visuallfoande inthe CAPS metrics.
Becausenput data came from several different sources, we have no estimate of the accuracy
of the final data set, nor of the effect errors in the base map may hadwon final CAPS

results.

b202R& akKz2dzZ R KI @S |yeé Aff dzaA 2pconafthed G GKS o
landscape a comparison of the landcover with aerial photos or with familiar places will turn

up errors in classification and positidfurthermore, the classification is fairly coarse, and

distinctions between classes such as marsh and sewamp are necessarily arbitratMany of

these communities change over time, so our snapshot based on data generated over several
@SEFNER Yl & RSLIAOG G2RIFIe&Qa 0SSt @%mpridarykRowh & & S &
issues with specific input layers atescussed in Appendix B.

We believe that the effects of many of the data errors will be relatively siGAIPS operates at
fairly broad scales, looking at the effects of the surrounding landscape on any particular point.
Small errors in classification apthcement (small roads and streams omitted, marshes slightly
shifted, small forest patches lost because of the grain of the map) will usually have a small but
negligible effect on final resultén the future we plan to evaluate the effects of various #sof
errors on CAPS results.

Qx



The coarseness of the classification scheme is perhaps a largerAssilable data

necessitated lumping many different forest communities into a single class; likewise, many rare
and smallpatch-forming communities are onted. This leaves CAPS unable to compare

patches of rich mesic forest to other patches of rich mesic forests, or to evaluate acidic rocky
outcrops.To the extent possible given data limitations, the settings variables (Appendix D) are
meant to distinguish @mong communities at a fine scale; these settings variables are used in the
similarity, connectedness, and aquatic connectedness metrics.

CAPS is a comprehensive assessment (models are applied uniformly to all areas) and relies on
data that are broadly avible across Massachusetihe Index of Ecological Integrity is meant

to give a general estimate of the integrity of a site, fug& recommend using i conjunction

with other datain order to get a fullepicture of ecological status of areas within

Massachusetts, including:

1 Sources of degradation that may be mapped but are difficult to malgl,foxic
pollution)

1 Sources of degradation that are not comprehensively mappeagl past land use)

91 Data that might suggested increased conservation valughaitare not
comprehensively mappee (Q.,certified vernal pools, rare species records)

1 Data that might suggest higher conservation value even though it is not related to
ecological integrityd.g.,protected status, inclusion within an ACEC)

Results

CAPS data and results can be downloaded from our webvgite,.masscaps.or(gee Appendix
I). CAPS results are available in four formats.

1 Georeferenced TIFF files (GeoTIFFs). GeoTIFF file sigeaenalysmallerthan Arc
grids. They can be viewed using an image vieweh browser, or with GIS software.
GeoTIFFS are available for IEI, land cover, metrics (raw and scaled) and ecological
settings variables. IEI and scaled metric values in GeoTIFFs are scaledltroht®
100 (high).

1 Arcgrids for use with GIS softwar&rc grids are also available for land cover, metrics
(raw and scaled) and ecological settings variabElsand scaled metric values are scaled
from O (low) to 1 (high).

1 Maps for each city and town in Massachusetts depictitegintegrated Index of
Ecological Integrity (Il scores These maps are in the form of higdsolution PDFs
depictngareas in the top 50% of values using integrated IEI scores. Ecological
communiies are differentiated by color for the following categories: forest (green),
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shrubland (orange), coastal uplang®l{owto brown), coastal wetlands (cyan) and
freshwater wetlands and aquatic (blu&or all ecological community typdsrker
colors indicéing highervalued cells

f al LA RSLAOGOAY3I al oAl 2F tid YOBEA A RSFMY

a I a a 5Nassacausetts Wildlife Habitat Protection Guidance for Inland Wetlands
Thesemapd; f a2 1y26YyY | & &L Y LJaMdidblgas highesolutianl G ¢
PDFs for each town and ciffheyare based on the integrated index of ecological
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ecological communitye.g.forest, shallow marsh, shrub swamp, forested wetland, salt

marsh)a L YL NI Fyad 1 oAGlFG¢ R GdasArdNgidsbrt a2 | @ A f

GeoTIFFs.

CAPS results are best explored interactively, using a GIS thdispday grids (e.g., ArcView,
ArcMapor QGI$% See Appendix | for information on downloading dathe mosigenerally
useful results are the landcover atigl gids.

The landcover grid (Fig) flepresents developed land and broad natural communities.
Landcover classes and names ksted in Appendix Hand ArcViewArcMapand QGIl$gends
are provided with the dataThe TIFF version of landcover is alreeolpred appropriately, so
no separate legend file is required.



Fig. 1 Landcover for the town of Montague.

The IEI gridpresentthe Index of Ecological Integrity at four scales: the entire project area
(statewide), watershed, ecoregion, and integratdeigure2 through 5show statewiddEl (Fig.
2), IEl scores rescaled by watershed (Fig. 3) and by ecoregion (&gl éegrated IEFig. 5)
with darker colors indicating highemalued cellsNote that in Figur€ most of the highvalue
falls in faests in the western half of the stattn Figures 3, 4 andtBe ecoregional and
watershed scaling has reallocated the high IEls across the state.



Fig.2. Statewide IE(IEI)

Fig.3. IElrescaled by Major WatershgtEHW).
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Fig. 4 IEl rescaled by EcoregiQiEtE)

Fig. 5 Integrated IEla combination of statewide, watershed and ecoregionally scaled
results(IEH).
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Fig. 6 Integrated IE(IE}) depicted using a fiveolor scheme: forest (green), shrubland
(orange), coastalpland gellowto brown), freshwater wetlansland aquatic (blue) and
coastal wetland(cyan). For all community types dar color represents higher Hescores.

Figure 6 depicts the integrated IEI using a-ieéor scheme that makes it easier to dréatiate
among various groups of ecological communit®scause IEls are scaled from 0 to 1 by
percentiles within eaclsommunity, images such as Figures 2 throégknd to bevisually
dominatedby the values for forest communitigsecause the landscapd Massachusetts is
mostly forest.The five colors represent five broad groups of ecological communities: forest,
shrubland, freshwater wetland and aquatic, coastal wetland and coastal uggnassing
different colors to represent these five broad commuyniypes it is easier to recognize high
guality stream segments and patches of shrubland, wetlands and coastal communities that
might otherwise go unnoticed among the large patches of forest throughmughof the state
(Fig. 7 and 1R

12



Fig. 7 Integrated IE(IEH) for the towns ofProvincetownand Trurodepicted using a five
color scheme: forest (green), shrubland (orange), coastal upMelb(vto brown),
freshwater wetlang and aquatic (blue) and coastal wetla{@yan). For all community
types darker coladenote higher IEI scores.
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Fig. 8Index of ecological integrity (IEI) for town of Montague, scaled to the entire project
area(statewide. Darker areas denote higher IEI values; white areas are developed land.

§ b

- Ly

Fig 9 Index of ecologal integrity for town of Montague, scaldry major watershedEW).
Darker areas denote higher /&1 values; white areas are developed land.

A
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Fig 10Index of ecological integrity for town of Montague, scatgtecoregion(IE{E)
Darker areas denotkigher IEEEvalues; white areas are developed land.

Fig. 11Index of ecological integrity for town of Montague, integrated across full extent,
watershed, and ecoregiofiEH). Darker areas denote higher {Blalues; white areas are
developed land.
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