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IDENTIFYING PRIORITY CONSERVATION AREASFOR GRASSLAND BIRDSIN
AN AGRICULTURAL REGION (CHAMPLAIN VALLEY OF VERMONT)
Flavio Sutti, Allan Strong

ABSTRACT: Recent programs to set population goatgieclining bird species have led
to more explicit ties to on-the-ground conservatoojects. However, conservation work often
proceeds opportunistically, leading to inefficiedibcation of conservation funds. This project
was designed to prioritize conservation effortggoassland bird habitat in the Champlain Valley
(VT, USA). We created detailed GIS layers includiagdscape level factors (forest, grassland,
development and roads) and patch level factorge,(smnagement and conservation) important
in grassland bird habitat selection and consermatiolntegrating the GIS dataset into a
multicriteria decision analysis framework, we prodd maps in which grassland patches were
ranked based on their quality for grassland birdd ased these maps to identify priority
conservation areas. The maps emphasized block§®ha of near protected areas and areas
managed less intensively. Two regions were idedti{Franklin and Addison counties) that
have the highest quality values for grassland bird$iese procedures resulted in maps that
federal, state, and non-governmental land managérase as a baseline to focus conservation
efforts and can serve as a model to help researdeerpriorities for land conservation in other
regions.

Key Words: grassland birds, multicriteria decision analystservation, Analytic Hierarchy

Process

Introduction

Grassland bird populations have been facing cargisteclines throughout North
America (Cunningham & Johnson 2006; Herkert 19%t{UR et al. 2008; Sauer et al. 2008;
Walk & Warner 1999), with population declines >1% gear in the past 40 years (Sauer et al.
2008). At that rate of decline, the total popuatsize would be reduced by 50% in less than
70 years. The decline of grassland birds is adstiqularly significant in the eastern United

States where approximately 70% of these speciedeataing
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Multiple causes have been proposed to explain ¢k of grassland birds, but loss
of available habitat and declining habitat quaditg recognized as key elements in the decline
of this guild (Bollinger et al. 1990; Cunningham0B) Herkert 1994; Vickery et al. 1994). In
the past few centuries, forest clearing for agtigel led to the expansion and increase in
abundance of grassland birds in the eastern UBitaigs (Askins 1999; Norment 2002), but
the intensification and mechanization of agricidtyractices in recent decades are proving to
have a deleterious effect on breeding successasttamnd birds (Bollinger et al. 1990; Perlut et
al. 2006). Due to the intensification of agricuttiupractices, many hayfields and pastures,
might in fact function as ecological traps. Birdturning from migration select attractive and
potentially suitable grassland patches in the gptt their nests are destroyed when hayfields
are cut or cows are pastured during the summetifel et al. 1990; Schlaepfer et al. 2002).

Grassland birds, especially in the Northeast, lalyely on agricultural fields and
grassland patches increasingly subject to humawitees. Thus, the conservation of grassland
birds and their habitat is a process that unavdydadmpetes with the needs of society for
development and maximization of agricultural atied. In the selection of priority
conservation areas for grassland birds, the goalasfimizing preserved biodiversity must be
considered with the goal of minimizing costs toistycin order to make grassland habitat
protection logistically and economically feasibleagneron et al. 2008). Although there are
several conservation programs that provide incestte landowners to make their land more
attractive to grassland birds (NRCS 2008), impletawgon of these programs has not been
applied in a spatially targeted manner. Therefaregncerted effort to delineate priority
conservation areas can address this shortcominghariize the conservation benefits of

these programs.
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Many techniques to identify and select areas ferpiteservation of habitats and species
of concern are already available (Knight et al.&00T he traditional tendency of protecting
pristine or scenic areas worked well in times wheman population was smaller. Today, the
preservation of “healthy” ecosystems in which biedsity is maintained, even in the presence
of humans, requires the integration of well acogpéserve design rules with ecosystem
management approaches both at species and ecolgetisoape levels (Knight & Cowling
2007; Meffe et al. 2002). Several methods arelavia for the identification of efficient
nature reserve networks. Site selection algoritbamsbe used to select areas that maximize
“representation” of species biodiversity, and iteraheuristic algorithms can be used to
choose sites that together encompass the largedianof species. However, the use of these
computational methods is generally not integratédd management objectives and
constraints. To overcome this shortcoming, mutéda decision analysis (MCDA) has been
suggested as a tool to integrate the managerst pbinew with the theoretical reserve design
techniques (Cabeza & Moilanen 2001).

Multicriteria decision analysis is a procedure thproaches a problem by evaluating a
set of alternatives to reach a solution that ismmegdul and transparent. The core idea of
MCDA methodology is to decompose the problem inemageable components that are
analyzed separately and brought together to olbtégical solution (Malczewsky 1999).
MCDA can blend socioeconomic, ecological and in§thal context criteria in a systematic
way and can involve collaborative decision makimgréby increasing the efficacy of
conservation planning (Meffe et al. 2002).

Adding the spatial capability of geographic infotina systems (GIS) to the decision

making process offers a practical way to combiregggphical data and decision maker’'s
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preferences to produce data usable in decisionngdklalczewsky 2006). A decision-
making process in a spatial multicriteria decishmlysis framework can be broken down into
several components. First, the problem needs tefieed by the decision maker(s). Criteria,
or the basis for a decision that can be measuré@ealuated, are then identified. In a spatial
framework the criteria are related to geographidien, thus criteria maps are created.
Decision rules are the processes used to comhieeiain order to reach a particular
evaluation, and by which evaluations are companeldaated upon (Eastman et al. 1995). The
decision rule that we implemented is the Analytierdrchy Process. In this method, criteria
used to rank grassland parcels were organizedrbiecally. Weights were calculated for each
criterion of the hierarchy and combined with therespondent component value using
weighted linear sums to obtain the overall scoreefch parcel (Malczewsky 1999).

Analytic Hierarchy Process (AHP), integrated intGl& database resulted in quality
maps in which patches are classified for theiradiiity for grassland birds and how prone they
are to threats from human interference or actwitiet degrades them. These maps are
provided to managers and stakeholders as a priactadahat can be used to plan a system of
protected grassland areas that should conservem@aise grassland bird diversity of the
region.

We used the Champlain Valley of Vermont (CV) assecstudy. The CV has a
relatively large amount of potential habitat (13@MMa) and is included in the Lower Great
Lakes/St. Lawrence plain physiographic Bird Conagon Region, which supports some of
the largest populations of grassland birds in easterth America. These factors have led to
the grassland birds being targeted as a consenvatiority in the region (Jones et al. 2000;

Rich et al. 2004). Despite the large acreage td@m@l habitat in the CV, much of this land is
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privately owned and managed for a variety of puegsdgspecially dairy farming) that may be
at odds with conservation of grassland bird popahst (Troy et al. 2005). The identification
and conservation of high quality habitat for graedl birds and the implementation of bird-
friendly management should guarantee not only raaarice of an agricultural landscape, vital

to and characteristic of Vermont, but more impditeenhance grassland bird biodiversity.

M ethods

Study area

The Champlain Valley is a 600,000 ha region inrtbeheastern portion of North
America that surrounds Lake Champlain and is dividetween the states of Vermont and
New York and the Canadian province of Quebec. Weisd the Vermont portion of the
Champlain Valley (CV), considered as the territogluded in Franklin, Grand Isle,
Chittenden and Addison counties. The land use/taver of the CV is 26% agriculture, 50%
forest, 9% urban, 13% lakes and rivers and 2% weflgO'Neil-Dunne 2001). In Vermont,
agricultural land use includes almost 130,000 war(82,500 grassland patches). The
grassland patches are distinguished as crop figldsiding corn, hay, other crops, and fallow,
or suburban pastures, including either agriculpagtures or large non-agricultural (suburban)
fields. These grassland patches are identifigleasmallest units of land characterized by the
same land cover, land management, and owner, amttlbd by permanent features such as

roads, water bodies, fence lines, and hedgerowB AUZE08).
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Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process is a widely useddtired technique to address spatial
multi-attribute decision making processes. AHBdsily incorporated into GIS-based
analysis, can be used by one or more decision maked identifies and accounts for
inconsistencies of decision makers. In this methioel decision maker(s) breaks down the
decision problem in a hierarchical format thatrtgtg from the goal (level one; identifying
priority conservation areas for grassland birdg; E), moves step by step through the
hierarchy, defining criteria, standardizing valugssigning weights and producing rating maps.
Landscape and patch components represent the slesahdf the hierarchy and the criteria
within each of these components represent the Il of the hierarchy.

The quality value for the patch, summarized inréteng maps, was obtained using an
additive model, by summing the result of the miiltggion of weights by criteria within each
componentomponent value = Y, w;x; where xis the score for each parcel for the ith
criterion and wis the weight for the same criteric fv; = 1 and0 < w; < 1]), and then
summing the result of the multiplication of weightscomponentspatch value =
Y.wjLand + Y w;Patch where wis the weight for each component and Land andhPate
the component valuejw; = 1 and0 < w; < 1]) (Malczewsky 1999). We repeated this
process across 36 scenarios (see sensitivity anakstion below for more details), generated
by changing weights both at component level (laagsar patch) and criteria level (grassland,
development, forest and road within landscape:hpsitze, perimeter/area, management and
conservation status within patch). For the expegenharios, criteria on the same level of the
hierarchy were compared with each other on a psérWwasis to decide criterion weights (on

the basis of expert opinion), and then weights weuétiplied by the criteria map values. For
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all the other scenarios, the weights were detertnioyeinterpreting the literature. To
determine if the comparisons used to calculatevifights were consistent, a consistency ratio

(CR) was calculated (Malczewsky 1999; Saaty 1980).

Criteria

Both patch- and landscape-level characteristice weluded in the criteria definition
in AHP. Patch-level characteristics such as aleape, and isolation are known to affect
wildlife populations. However, landscape-level idweristics, the configuration and
composition of the landscape mosaic, have recéety shown to have equally important
effects on the viability of animal populations (Bak et al. 2002; Ribic & Sample 2001;
Rodewald 2003). In addition, we included as p&tekl characteristics two criteria:
conservation status of the grassland patch os#gype (intensively farmed or leisurely
managed). These criteria cannot be used by b&rdssattlement cue but address threats from
human interference such as early hay cuts, freduentuts, intensive grazing, etc and were
included to direct the selection toward grasslaaidhes that are not intensively used for
agriculture (i.e., suburban grasslands and pagtaresalready conserved areas where the
application of bird-friendly management may be nfeasible.

The identification of priority conservation areas §rassland birds was organized
hierarchically, and the criteria were used to rethehdecision goal of ranking the grassland
patches on the basis of their quality for grasslainds. To do so, weights were calculated for
each criterion within the hierarchy and combinethwine correspondent component value to

obtain the overall score for each parcel (Malczeni399).
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We first conducted an extensive literature reviem eontacted local experts on
grassland bird species to determine which critegee important in grassland bird habitat
selection and needed to be included in the analy®wven criteria were included in the
classification on the basis of the literature revand expert opinion. The landscape attributes,
or criteria, were grouped into the landscape coraptnThe patch criteria, including human
perceived characteristics, were grouped into thehpeomponent.

The landscape component criteria that we used fwegst, grassland and developed
habitat area in a 3000 m buffer around each paituth distance of each patch from major
roads. Bakker et al. (2002) and Rodewald (2008hdoroads, forests, agriculture, and urban
development to be the main land uses within a leaqus that affect richness, abundance,
occurrence and density of grassland birds in thedeape matrix. Thus, we used forest,
grassland and development to generate maps in Whadsland patches were scaled, using
values between 0 and 1, on the basis of the anafdatest, grassland or developed habitat
that was present within a 3000 m buffer around getbh. Traffic, and in particular traffic
noise, can also affect avian communities withiresavhundred meters of roads (Forman et al.
2002; Reijnen et al. 1996). Because grassland et to avoid suitable habitat close to
roads (Forman et al. 2002; Reijnen et al. 1996)categorized the grassland patches using
their distance from roads attributing a value &b patches farther than 700/1200 m from
different categories of highly trafficked roadsyadue of 0 to patches included within the 1200
m buffer and values between 0 and 1 for patchesgtween these distances.

Three criteria were included in the patch compongrée of each grassland patch,
management type (agricultural or recreational), @ntservation. The area criterion addresses

the tendency of grassland birds to favor largedlaas patches and avoid or use less
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frequently small patches of favorable habitat (leerd994; Vickery et al. 1994; Walk &
Warner 1999). However, two patches of similar-digeasslands may have different abilities
to support grassland birds because of differenteaich shape and, as a result, edge effects.
Some of the negative effects of edges on gras$ledd are higher predation and parasitism
rates on nests close to forested edges and edgaage by some grassland birds (Helzer &
Jelinski 1999). Perimeter-area ratio can be ushavacterize the amount of patch area
exposed to edges without any subjective analysib@ulistance affected by the edge effect.
For the sensitivity analysis and in the calculawbmpriority indices area and ratio
perimeter/area criteria are used alternatively beeaf their strong correlation.

Generally, management activities on grasslanddibll/e a negative impact on
grassland birds. When hayfields are mowed duhegteeding season, the reproductive
success of grassland birds is reduced (Bollingal. d990). But, if haying is delayed until late
summer when the breeding season is over, mowindpeadeen as a way to set back
succession and maintain suitable habitat (Warré&né&erson 2005). In addition to the benefit
of a “lighter” hayfield management, in New Englaamtl in the CV there are many landowners
who own large portions of grasslands formerly madaas hayfields but are now lightly
managed and still available to grassland birdss&meon-agricultural landowners seem to have
fewer economic constraints and might be more iedito adopt bird friendly managements
practices (Troy et al. 2005).

Because crop rotation is a common practice in teids difficult to generate a static
GIS layer that includes current information on th@nagement of each grassland patch.
However, the spatial data used in this analysi®weparated into two separate layers. The

first included fields used for agricultural purpsgkat may be in corn production during some



10

11

12

13

14

15

16

17

18

19

20

21

22

years and may be idle or rotated to grass or legorage crops in other years, when they
would be available to grassland birds. The secoalided patches of grassland that are
currently managed as pasture or suburban graskkbitats. Taking advantage of this
classification, we considered it to be valuablerioritize patches in the second layer in the
management criteria.

Parks, nature preserves and land easements thatergrassland can be used as core
areas for reserves and can complement patchesl@uatisprotected areas that might be too
small to be considered for protection on their oAurther, owners that are already aware of
the importance of preserving natural resources nighmore likely to apply grassland bird-
friendly managements to their already protected.laPre-existing protected areas were
introduced in the model using a layer producedheySpatial Analysis Laboratory at the
University of Vermont. This feature class inclugrtblic and private parcels that are under
any kind of land and natural resources conservgtiogram. The conserved layer was
interpolated with the grassland patch distributmoebtain a ranked value of the grassland
patches on the basis of their inclusion in alrgabyected areas. Grassland patches in the
conserved criterion were scored (values vary batviegnd 1) based on the proportion of their
area included in a preserved area.

We used ArcGis to generate quantitative scoresdoh criterion. Grassland patches
received a score for each criteria and these valees standardized using a linear scalar
transformation so that different numerical scal@sid be compared on a scale from 0 to 1
(Malczewsky 1999). Management, conserved and cotatia were already on a scale that

varied between 0 and 1 and did not need to be Hizeda
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To determine the relative importance of each ¢ateand to designate the weights to
give to the criteria, first we looked at the litene and then prepared a survey that was
administered to seven grassland bird experts. tiMetsred the survey in a way in which each
criterion was compared with the others within thene component using the pairwise

comparison method (Saaty 1980).

Sensitivity analysis

We conducted a sensitivity analysis to addresefieets of variation in the model
parameters due to the lack of precise knowleddkeofelative importance of each criterion for
grassland bird habitat selection. The 36 potdgtexjually valid set of scenarios that we
developed were the result of variation in the wisgissigned to component-level and criteria-
level variables regarding their relative importafmegrassland birds. At the component level,
we evaluated the relative importance of the sutarmdscape variables versus the sum of patch
variables. Weights for landscape and patch varsabhried (tables 1 to 3) to allow analysis of
a wide spectrum of possible outcomes (Lowry e1895). Because both patch and landscape
components are recognized in the literature asifactsed in breeding habitat selection by
grassland birds, and because the inclusion of htvaaad criteria are needed to facilitate the
conversion of the model result into on-the-grouadservation actions, we did not include
strategies that accounted for only one of the comapts.

Outcome from the sensitivity analysis was usedik reach grassland patch and for the
selection of priority conservation areas. Withatle scenario map, grassland patches were
classified into 5 quality classes. Because thdtiegwalues from each scenario varied

between 0 and 1, the 5 quality classes were idedtfs follows: “Very low” (values

11
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0<x <02) “Low” (values0-2 =x <0.4) “Medium” (valuesl-4 =x <0.6) “High”
(values?-6 =x <0.8) and “Very high” (value:9-8 =x =1) Patches were deemed to
high priority for grassland birconservation based on their frequency of occurremtiee high
and very high quality categories across all scesaRatches that scored high in many of
36 scenarios (regardless of the weights attribtdexliteria and components) were conside

“robust.”

Priority conservation areasidentification

Once the grassland patches in the CV were rankékeobasis of their quality fc
grassland birds, managers will have to select tizgity areas for outreach, conservation,
management. There areveral methods that can be used to select whidh@stshould b
prioritized especially when considering the mangstmaints that managers must addre
Willingness of owners to be involved in some kifidmanagement, pecuniary availability
purchasef particularly important areas, connectivity comsg etc. mainfluence the decision
of areas on which to focus their atten. In this paper we present foexampls obtained
using simpe Boolean operations in ArcGl We selected areas gbod queéity larger than

100/200 hao assure the potential  grassland bird breeding events.
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Results

Sensitivity and assumptions analysis

We generated a scatter plot matrix to compare siena a pairwise fashion and
verified the congruence of ranking for each grassisatch. Over the 630 scenario
comparisons, intermediate priority patches showgeeater tendency for less congruence in
ranking. Higher and lower priority grassland patclvere generally characterized by superior
and inferior condition for all criteria respectiyednd were less sensitive to changes in weights.
Intermediate priority grassland patches are mobgested to the changes due to weights
because were characterized by criteria values/tirgtfor each criterion and are not as
extreme as for the cells identified as of highelowrer priority (Geneletti & Van Duren 2008).

The perimeter/area ratio as opposed to patch aiteaan tended to shift the patch
guality toward higher values. Furthermore, the ag@ment criteria-level scenario seemed to
be influential in driving patch values toward higlevels. All grassland patches that were part
of the suburban pasture layer received a valuthfocriterion management of 1. This high
criterion value combined with its high weight iretmanagement patch scenario probably led

to the high quality values in these scenarios (8d).

Quality map

Our model prioritized 7,538 grassland patches Wéthitat characteristics suitable for
grassland birds and with higher potential to beked in bird-friendly management, totaling
an area of approximately 33,600 ha. The grasglatches identified in the quality map (Fig.
2) were then compiled using geo-political bounda(@munties, towns, conservation districts),

and ecological boundaries (watersheds, physiogecaptits). At the county and town levels,
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analyzed per request of local managers, the magpifiéel large portions of Franklin and
Addison counties as areas with the highest randamjlargest tracts of contiguous good

quality grassland patches. The towns that on gearacluded higher quality grasslands and
where efforts should be concentrated are: all @etthvns along Lake Champlain in Addison
county; Charlotte, Shelburne and Hinesburg in €hden county; and St. Albans Town,
Highgate, and Sheldon in Franklin county. In Grésid county, the partial isolation of some

of the grassland patches and domination of thesizape by Lake Champlain caused grassland
patches to score lower than other CV countiesphatity patches were also present in this
county.

The quality map is not only a ranking of all grassl patches in the CV to be used to
prioritize the promotion of agri-environmental imtee programs. Indeed, it will also be used
to identify the largest and highest ranking grassifkelds located in between the already
conserved blocks to improve connectivity. Conseraeas that are protected by the Vermont
Land Trust and the Vermont Fish and Wildlife Depaatt are classified as priority grassland
patches and should be considered as starting fomsitreach programs to promote bird-

friendly managements.

Priority conservation areasidentification

To identify priority conservation areas for grassldirds, we selected blocks of
patches of grassland using Boolean expressions3figNe applied threshold values, and we
categorized blocks on the basis of minimum areairement. To support a higher grassland

bird diversity, grassland patches needed to betahgan 50 ha, even if smaller patches (5-10

14



10

11

12

13

14

15

16

17

18

19

20

21

22

23

ha) can be beneficial breeding sites for more comsumgbirds (Vickery et al. 1994).
Following these suggestions but considering uniceiés and visual simplicity, we aggregated
priority patches. First, we aggregated abuttingsoclose as 10 m patches of high quality
where the cumulative area wad.00 ha, large enough to support breeding eventsost
grassland passerines. The non adjacent patchessearated by boundaries that did not
interfere with grassland bird movements, such aalgiitt roads, narrow and low hedgerows,
ditches or drainages. Second, we aggregated higtity patches where the cumulative area
was> 200 ha, large enough to support breeding everits@ér grassland birds such as Upland
SandpiperBartramia longicauda). Finally, we aggregated high and intermediaterjty

patches to produce even larger blocks of contiggpasslands.

Discussion

The combination of GIS and multicriteria decisioralysis and the use of AHP offered
a compromise in incorporating theoretical resemggh techniques and management
requirements. Furthermore, this approach intedrateh landscape and patches level factors
and has the potential of analyzing together spemsidshabitat data. Although our
methodology was specifically applied to grasslaind babitat in the CV, it can be a practical
tool for conservation prioritization of differerpecies and in different locations.

The multicriteria process has the advantage ofgheasily updated and repeatable as
new data become available. The quality maps we@ed using 7 criteria that incorporate

both attributes of the site as perceived by gragstards, and human-based characteristics.
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These criteria offered the advantages of being #asitain or generate, applicable at the
chosen spatial scale, and easily modified to ekthecdesired data. For the sake of
practicality and simplicity of the model, the chosziteria were not exhaustive in covering all
characteristics that are known to correlate widisgland bird habitat selection and human
influence. However, additional factors could beikdncorporated into the analysis. For
example, information on soil, vegetation, intere antra-specific interactions, current
management regimes, and socio-economic factorsectesh with agricultural activities are
factors that may influence the habitat selectiotigiens of grassland birds. While our
analysis was not comprehensive, it provides amiiead starting point for management
planning that is more likely to be applicable tlare that include too many criteria
(Malczewsky 1999).

New and/or more precise criteria maps can be getkevath the availability of new
spatial data, repeating the multicriteria analygit the inclusion of the additional data.
Different weights could also be attributed to thigecia if new relationships between grassland
habitat selection processes are discovered omifangeria are included into the process. At
the same time, if the process described abovebwilised for the prioritization of conservation
areas for different species or in sites differéaintthe CV, a different set of criteria can be
identified and implemented. The division into canpnts should also be revised to group
adequately the criteria chosen. For example,r@aitalues for cost of patches acquisition,
level of involvement of each patch owner, and dtalaer perceived value for each patch,
once available, could all be included in a new@@gonomic component to add to the

analysis.
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The involvement of experts in the decision-makingcpss selection of the procedure
scheme, and criteria choice for the methodologyicgmove the quality of the final results.
We contacted, using a survey, 7 grassland birdrexfm the weight's definition. In the
survey, the experts were asked to compare paostefia and decide which of the two was
more important, and quantify the intensity of imaoice with respect to habitat selection for
grassland birds using the Saaty (1980) scale.s&hee methodology could be used as new
criteria become available, even enlarging the pahekperts or opening it to stakeholders, to
offer further knowledge and perspectives in thegiec process (Geneletti 2007).

The study presented here constitutes a step forwadhe production of a more
accurate habitat quality classification of the @V grassland birds. Utilizing a vector-based
spatial dataset, combined with information on ttenagement of grassland parcels provides a
more precise delineation of the grassland patclitbsrelatively up-to-date information on
management practices. Such precision cannot lagneltusing a raster-based approach. The
advantages of using parcel-based maps include:oéaiseking patch shape changes and
simplicity of joining additional information to thepatial dataset that could be used for
statistical analysis.

Recent datasets were also used in the generatimiterfa maps, assuring up-to-date
results. However, any maps produced with a metloggasimilar to this one for habitats that
are subject to periodic changes in use and coeslirae sensitive and should be considered a
snapshot of a land use changes vary continuallgyéan 2004).

In many reserve design scenarios (Carrion et 8i82Malczewsky 1999; Sener 2004)
constraints were used to exclude unsuitable hdbitat the analysis. In our procedure the

only constraint utilized was the extent of suitatdditat for grassland birds: only grassland
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habitats were considered. The constraint thatiitksh the suitable habitat was applied before
the start of the analysis such that non-grasslabditdts were excluded from the analysis and
quality values were not calculated for these patci@ost criteria, included in our process
were standardized using a “reverse” formula thaedasser values to the patches that have
greater costs for the criterion analyzed. Patehtsstandardized values of zero for certain
criteria were not automatically excluded as unlg@atches, but a zero value contributed to
lowering the overall quality score of the patch.

Reserve maps produced using Boolean selectionged\a good representation of the
use of quality maps for the delineation of a reseystem. Acknowledging that the size of a
reserve is correlated to the number of speciedttbah support (Diamond 1975), and the fact
that most grassland species are area sensitivecanel, in particular Upland Sandpiper,
require very large continuous grasslands (Houstd@o&en 2001), the selection process was
based on threshold sizes of 100 and 200 ha assteddey Vickery et al. (1994). Some of the
maps generated using the quality map as startiimg pamvide a well laid out reserve system
with reserves distributed especially in Addisonryuvhere most of the grassland patches are
distributed. If a metapopulation model is assufoedhese populations, the spatial
distribution of blocks should allow the exchangendfividuals between patches. Reserve
maps could also be produced for scenarios in wiichnstance, number of species protected,
potential nest sites available, number of individaraduced per year, costs of patch
acquisition are calculated.

Studies to better understand the factors thatenite habitat selection strategies for
grassland birds should be pursued. Given the taingr about mechanism(s), relative

importance of patch and landscape criteria, veigetatriteria-level habitat, prey and predator
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abundance, climate etc. in explaining habitat $iele@nd species richness, new research
projects (Hamer et al. 2006) on this matter wilph@fine the choice of high priority
conservation areas for grassland birds.

The quality maps should be considered as the “fatioil’ on which the preservation
of grassland birds for the CV can be built. Mamagend stakeholders now have a new tool
that can help guide outreach for alternative mamege practices and conservation promotion
where they should have the greatest chance of ssiateonserving grassland birds. The
methods used to generate the quality maps anddfedreated in ArcGIS can be thought of as
“pblue prints” that can be copied as is or modifiedspecific needs in identifying priority
conservation areas. The versatility of MCDA, AHRIdhe spatial capability of the
methodology applied in the CV to identify prioritpnservation areas for grassland birds can
be easily modified to address specific needs fifer@int locations. Other species, guilds, taxa,
and/or communities could be the beneficiary of @ pkan that implements our methodology.
Even more, abundance, presence, or richness ddtaefepecies or group of interest could be
included in the criteria set together with hab#atl socioeconomic data. Also, management
information could find a place in this hypotheticaterion set. Stakeholders, politicians and
experts can all be involved in the decision proegsiifferent levels, and quality maps,
resulting from the multicriteria decision analysian be used for reserve designing and

ecosystem management planning.
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Figures Legends

Figure 1: Analytic hierarchy process for creating quality maps to prioritize grassland patches in the
Champlain Valley (modified from Malczewski 1999).

Figure 2: Effect of the Ratio perimeter/area and Management analyzed by averaging scenarios’ priority
values. Averages of scenarios where the “Ratio” is used in the criteria-level strategies and where both
“Management” and “Ratio” criteria-level strategies are used are significantly higher (overall ANOVA F =
22.29, p < 0.0001, Tukey-Kramer p < 0.05) than management only or expert strategies.

Figure 3: Quality map classified with 3 patch categories. Each grassland patch is categorized as either poor
(scored in the high or very high categories < 9 times across all 36 scenarios), intermediate (9-17 high or very
high scores) or good (> than 18 high or very high scores).

Figure 2: Four examples of priority conservation areas for grassland birds obtained from the quality map.
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Figure 3:
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Figure 4:
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Table 1: Summary of the component-level strategies including description and weight attributed.

Description Weighting coefficient
Landscape: 0.5
Component Landscape component| o . 0.5
strategy M1 equal to Patch component ' '
9y a P Sum: 1
Landscape component| Landscape: 0.75
Component . .
strateay M2 more important than | Patch: 0.25
9y Patch component Sum: 1
Component Patch component more| Landscape: 0.25
P important than LandscapgPatch: 0.75
strategy M3
component Sum: 1

Table 2: Summary of the criteria-level strategies within the LANDSCAPE component, including
description and weight attributed.

Description Weighting coefficient

Grassland 0.25

iteri Forest 0.25
Criteria Strategy LAND1 - Al criteria proportionally equal Development >

EQUAL

Roads 0.25

Sum 1

Grassland 0.48

Criteria Strategy LAND2 Openness of the landscape is rioritiz=ForeSt 0.11
OPEglzll P (based on Shustaclg 20081) %evelopment 0.13

Roads 0.3

Sum 1

Grassland 0.62

Forest 0.2

Criteria Strategy LAND3 - | Expert opinion that prioritizes grasslan

9|
EXPERT over other criteria %evelopment 0.11

Roads 0.07
Sum 1




Flavio Sutti and Allan Strong — Identifying priority conservation areas for grassland birds

Table 3: Summary of the Ccriteria-level strategies within the PATCH component, including description
and weight attributed.

Description Weighting coefficient
Area 0.31
Criteria Strategy M i 0.58
PATCHL1 - Management criteria is prioritized anhagemen ’

MANAGEMENT Conserved 0.11
Sum 1
Area 0.69
Criteria Strategy Expert opinion that prioritizes area ovgrManagement 0.24
PATCH2 - EXPERT2 all other criteria Conserved 0.07
Sum 1

Criteria Strat M tis prioritized and Perimeter/area 0.31L

riteria Strategy anagement is prioritized an

PATCHS - perimeter/area ratio is used instead chanagement 0.58
MANAGEMENT_PA area criteria Conserved 0.11
Sum 1

o h o Perimeter/area 0.6p
Criteria Strategy Expert opinion that prioritizes area ovg rManagement 0.24

PATCH4 - EXPERT2 PA all other criteria (perimeter/area ratio d

- used instead of area) Conserve 0.07
Sum 1
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