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Inductive Model GoalTo predict the distribution and relative suitability lafeeding habitat at large spatial

scales across thepecie§knownbreedingrange inMontana.

Inductive Model PerformanceThe model appears to adequately reflect the distribution of L-biigd Curlew

breeding season habitat suitability at larger spatial scales across the&p@cie] Y2 6y o0 NBSRAY 3 NIy
Evaluation metrics suggest very good model fit. The delineation of habitat suitability classessigppelited by

the data.

Deductive Model GoalTo represent the ecological systems commonly and occasionally assogittethis

species during the breeding season, acrosssiteciesknownbreedingrange inMontana.

Deductive Model Performancezcological systems that this species is commonly and occasionally associated
with appear to adequately represent the amount of suitable habitat forg-billed Curlew across its known
breeding range in northern and western Montana. However, the model performs poorly in southeastern
Montana, overpredicting the amount of suitable habitat. This is due in part to a higher percentage of shrubs
within GreatPlains Mixedgrass Prairie ecological system in southeast Montana. Additionally, the AVI is low, due
to observations in habitats classified as shrubland and roads. Shrubland classifications can vary a great deal in
the amount of shrub cover they have andsitikely that Longpilled Curlew records are from areas with low

levels of shrub cover. Observations near roads may fall in habitats classified as such, even though suitable
grassland habitat is available adjacent to the road
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Inductive Modeling

Model Limitationsand Suggested Uses

This nodelis based on stateide biotic and abiotitayers originally mapped & variety of spatial scales and
standardized @ 90>90 meter raster pixeld-urthermore, the spatial accuracy of thminingand testingdataare
varied (typically 28100 meters) and may result in additional statistical noistaémodel.As a result, model
outputs may not be approjmte for use on smaller areas at fine spatial scaledodel outputs should not
typically be used for planning efforts on land areas smaller than one quarter of a public laeg system
(PLSS)kstion (<64 kctares) and model outputs for some species may only be appropriate for broaglena¢
level planning effortsModel outputs should not be used in place otitve-ground surveys for specigand
wildlife and land management agency biologsh®uld be consulted abothe valueof using model outputo
guide habitat managemertecisiondor regional planning efforts or local projec®eeSuggested Contacts for
State and Federal Natural Resource Ageratiaghed tothis document.

Inductive ModelMethods

Modeling Process

Presencennly data were obtained frorivlontanaNatural Heritage ProgramDatabases, which serve as a
clearinghouse for animal and plant observation data in Montana. These data were then filtered to ensure spatial
andtemporal accuracy and to reduce spatiito-correlation(summarized in Table IThe spatial extent ahis

model was limited to thé&known geographic rangef the speciesby season when applicablie order to
accuratelyassess potentially available htdii

We then usedhese dataand 19 statewide biotic and abiotic laye(Fable 2o construct the modelising a
maximum entropy algorithm employed in tmeodeling progranviaxent(Phillips et al. 2006, Elomical

Modeling 190:234259). Entropy maximization modeling functions by first calculating constraints and then
applying the constraints to estimasepredicteddistribution. The mearyariance, etc. of the environmental
variables at the training data locations are used to estimatecthestraintdistributions Maxent requires that

the final predicted distribution fulfills these constraintslaxent avoids overfitting of models to the training data
o0& GNBIdzZ | NA T kofishdintssd hiatiNddiélet diskilylifibnsioydhave todclose tgrather than
exactly equal tpthe constraint distributiongElith et al. 2011Diversity and Distributions 17:4&%).

Maxentfits a modelby first assuming theredicted distributionis perfectly uniform in geographic space and
moves away fronthis distribution only to the extent that it is forced to by the constraif@enstrained by

training data,Maxentsuccessivelynodifiesthe coefficients for eacknvironmental variableia random walk
accepting themodified coefficient if it increasedie gain Gain isameasure of the closeness of the model
concentration around the presencarmples that isimilar to goodness of fit in generalized linear modélse
random walk of coefficients continues urgither the increase in the gaifalls belowa set threshold or a set
maximum number of iterations are perforrdeThe gain value at the end of a model run indicates the likelihood
of suitability of the presence samples relative to the likelihood for rantéackground pointsThe overall gain
associaed with individual environmental variables can be used as a measure télttezeimportance of each
variable (Merow et al. 2013, Ecography 36:105869).
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We employed &-folds cross validatiomethodology in this case using tefolds for model trainingand
validation (Elith et al. 2011 Each fold consists of 90%thé data designated for training and 10%tloé data
reserved for testing. &h record is used fordiming ninetimes and testing oncelen models are estimated and
averaged to produce thBnal model presented here.

Model Outputs and Evaluation

Theinitial model output is a spatial dataseff continuoudogistic valusthat ranges from €L with lower values
representing areas predicted to be less suitable habitat and higher values representing areas gtediete
more suitable habitat (Figurd). The standard deviation in the model output across the averaged msiaso
calculated (Figure 3)f enoughobservationsvere available to train and evaluate the modetse continuous
output isreclas#ied into suitability classesunsuitable, low suitability, moderate suitability, @high suitability
Thresholds for diining suitability classes are presented and described below (Table 4).

We evaluated the output of thilaxent model with two metrics, an absolute validation inde¥{AHirzel et al.

2006, Ecological Modelling 199:3482) and deviance (Phillips and DugD08, Ecography 31: 1.875) These
metricsare described below in the results (TableA)ea unde the curve AUG values arealso displayed for

reference, but arenot used for evaluatiorfLobo et al. 2008, Global Ecology and Biogeography 1-2:3%5
Additionally,standard deviationn logistic outputof the ten individual modelis plotted as a map to examine

spatial variance of model output. Finalyeviance value wasalculated for eachest dataobservation aa

measure of how well model outpumatched the location of test observations. In theory, everywhere a test
observation was located, the logistic value should have been 1.0. The deviance value for each test observation is
calculated as2 times the natural log of the associated logistic autpalue.

Tablel: Model DataSelection Criteria and Summary

Location Data Source Montana Natural Heritage PrograbDatabases
Total Number of Records 4,600
Location Data Selection Rule 1 Records associated with breeding activityh <= 2@0

meters of locational uncertaintgnd intersecting
appropriate habitat for breeding (as opposed to foragin
Number ofLocations Meeting Selection Rule 1| 2,415

Location Data Selection Rule 2 No overlap in locationwithin 1600metersin order to
avoid sptial autccorrelation

Observation Records used in Model 808

(Locations Meeting Selection Rules 1 & 2)

Season Modeled Summer Breeding

Number ofModel Background Locations 60,000
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Table 2Environmental Layer Information

Layer Identifier | Original | Description
Scale

Land Cover catesys 30m CategoricalLandcover classesgRfrom the 2016 Montana Spatial Data Infrastructure Lang
Cover Framework; Level 2 classes used with a few minor changes including removal of
and point featuresAlpine Grasslandral Shrubland, Alpine Sparse and Barren, Conifer
dominated Forest and Woodland (mesiet), Coniferdominated Forest and Woodland
(xericmesic), Deciduous dominated forest and woodland, Mixed deciduous/coniferous fq
and woodland, Lowland/Prairie Grassta Montane Grassland, Agriculture, Introduced
Vegetation/Pasture/Hay, Developed, Mining and Resource Extraction, Wetland or Marsk
Floodplain and Riparian, Open Water, Wet meadow, Harvested Forest,-KiledtForest,
Introduced Vegetation, Recently med, Deciduous Shrubland, Sagebrush Steppe or Desg¢
Scrub, Sagebrush or Saltbush Shrubland, Bluff/Badland/Dune, ClifffCanyon/Talus
http://gecinfo.msl.mt.gov/msdi/land use land cover

Geology catgeol vector CategoricalBasic rock classes (5) as defined by UplaSwater for large water bodies)
Sedimentary, Unconsolidated, Metamorphic, Plutonic, and Volcanic.
https://mrdata.usgs.gov/geology/state/state.php?state=MT

Soil Order catsoilord Vector CategoricalMajor soil orders (7s defined by USDi#ased on STATSGO?2 general statewid
soil maps, along with nesoi (Rock, Water) classifications: Entistigeptisols, Aridisols,
Mollisols, Alfisols, Andisols, and Vertisols.
http://websoilsurvey.sc.eqov.usda.gov/App/WebSoilSurvey.aspx

Soil Regime catsoiltemp vector CategoricalSol Moisture and Temperature regimé$1) classification pairs as defined by
USDA (plugrater): Cryic/Udic, Cryic/Udic Ustic, Cryic/Typic Ustic, Cryic/Aridic Ustic,
Cryic/Typic Xeric, Frigid/Aquic, Frigid/Udic, Frigid/Typic Ustic, Frigid/Aridic Ustid/Tiypgid
Xeric, Mesic/Ustic Aridic.
http://websoilsurvey.sc.eqov.usda.gov/App/WebSoilSurvey.aspx

Elevation contelev FvmnyYy ContinuousElevation in meters above mean sea level.
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Aspect (East contewasp FvmnyYy ContinuousAspect of slopes, ranging from 1 (east}tdwest).

West) https://www.sciencebase.gov/catalog/item/4f70aadfe4b058caae3f8de5

Aspect (North contnsasp FmMnyY ContinuousAspect of slopes, ranging from 1 (north)-1o(south).

South) https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Slope contslope FvmnyYy ContinuousPercent slope (x100) of landscape.
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Ruggedness contvrm Fmny ContinuousVector ruggedness measure (0 to 1).
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Summer Solar contsunrad FmMnyY ContinuousSolar radiation (WH/) for the day of the summer solstice.

Radiation https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Winter Solar contwinrad FvmnyYy ContinuousSolar radiation (WH/) for the day of the wintesolstice.

Radiation https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5

Annual NDVI contndvi 900m ContinuousNormalized Difference Vegetation as a measure of yeaggmygreenness from
the MODIS Terra satellite.
ftp://mco.cfc.umt.edu/ndvi/terralyearly normals/

Annual contprecip £800m ContinuousAverage annal precipitation (mm) fod981-2010

Precipitation http://www.prism.oregonstate.edu/normals/

Percent Winter | contwinpcp £800m Continuous. Average percent (0 to 1) of the total annual precipitation that occurs during

Precipitation winter (NovApr) for 19812010.
http://www.prism.oregonstate.edu/normals/

Max Summer conttmax 800m ContinuousAverage maximum temperature (°C) in July for 29810.

Temp ftp://mco.cfc.umt.edu/tmax/monthly normals/

Min Winter conttmin 800m ContinuousAverage minimum temperature (°C)January for 1982010.

Temp ftp://mco.cfc.umt.edu/tmin/monthly normals/

Degree Days contddays 800m ContinuousAverage annual total of degree days)(@bove 32°F for 1982010.
http://services.cfc.umt.edu/arcgis/rest/services/Atlas/Temperature CropDegreeDays32H
ageServer

Distance to contstrmed vector ContinuousDistance tamajor streams in meters, based on major streams identified in TI(

Stream files or USGS topographic mgsream_Lake 1993 dataset)
http://ftp.geoinfo.msl.mt.gov/Data/Spatial/NonMSE8hapefiles/

Distance to contfrsted 30m ContinuousDistance to any forest land cover type in meters.

ForestCover http://geoinfo.msl.mt.gov/msdi/land_use land cover

page4 of 15


http://geoinfo.msl.mt.gov/msdi/land_use_land_cover
https://mrdata.usgs.gov/geology/state/state.php?state=MT
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
https://www.sciencebase.gov/catalog/item/4f70aa9fe4b058caae3f8de5
ftp://mco.cfc.umt.edu/ndvi/terra/yearly_normals/
http://www.prism.oregonstate.edu/normals/
http://www.prism.oregonstate.edu/normals/
ftp://mco.cfc.umt.edu/tmax/monthly_normals/
ftp://mco.cfc.umt.edu/tmin/monthly_normals/
http://services.cfc.umt.edu/arcgis/rest/services/Atlas/Temperature_CropDegreeDays32F/ImageServer
http://services.cfc.umt.edu/arcgis/rest/services/Atlas/Temperature_CropDegreeDays32F/ImageServer
http://ftp.geoinfo.msl.mt.gov/Data/Spatial/NonMSDI/Shapefiles/
http://geoinfo.msl.mt.gov/msdi/land_use_land_cover

Longbilled Curlew llumenius americanyifredicted Suitable Habitat Modeling October 19, 2016

Inductive ModelResults

Table 3EnvironmentalayerContributions to Model Fit

Layer ID Percent Contributiod Layer ID Percent Contributiof
catesys 57.9% contddays 2.2%
contslope 6.2% conttmin 1.8%
catgeol 5.9% contsriwin 0.6%
catsoilord 5.0% contstrmed 0.5%
contwinpcp 4.2% contelev 0.4%
conttmax 4.1% contnsasp 0.2%
contfrsted 3.1% contvrm 0.1%
contndvi 2.7% contprecip 0.1%
contsrisum 2.5% contewasp 0.1%
catsoiltemp 2.4%

aRelatve contributions of the layarto the model based on changesfit (gain)during iterations of the training algorithm.

Table 4Habitat Suitability Thresholds

Measure Value

Low Logistic Threshald 0.115

Moderate Logistic Threshdld 0.381

Optimal Logistic Threshdld 0.812

Area ofentire modeled range (percent of Montana) 380,494.4km? (100.0%)
Total area of predicted suitable habitat withimodeledrange 187,539.3 krh

Area of predicted low suitability habitat withmodeledrange 106,621.2 krh

Area of moderate stability habitat within modeledange 79,992.7 ki

Area of predictedptimal habitat within modeledange 925.4 kn}

aThe logistic threshold beieen unsuitable and low suitabiligs determined by Maxent which balances training data omission error with predicézd

b The logistic threshold value where the percentagéest observations above the threshold is what would be expected if the observations were randomly
distributed across logistic value classes (Hirzel et al. 20063.is equivalent to a null mod&/hen sample sizes are small, it may be undetermined.

¢The logistic threshold where the percentageest observations above the threshold is 10 times higher than would be expected if the observations were
randomly distributed across logistic valuesdasWhen sample sizes are small, it may be undetermined.

Table 5Evalation Metrics

Metric Value
LowAVP 96.4%
Moderate AVP 76.9%
Optimal AVP 1.6%
Awerage Testin@eviance ¥ sd)® 1.597 +1.311
Training AUEC 0.863

Test AUE 0.853

2 Absolute Validation Index: The proportion of test locations that fall above thertmvderate, or optimalogistic threshold.

b A measure of how well model output matched tlogation of test observationsgn theory, everywhere a test location was locatée logisic value
should have been 1.0he deviance value for each test location is calculate@ &imes the natural log of the asciated logistic output valu&or
example, the equivalenteliance valuefor the low, moderate and optimal logistithresholds of this model would b&327,1.928 and 0.416,
respectively Deviances for individual test locations are plotted in Fidure

¢ The area under a curve obtained by plotting the true positive rate against 1 minus the false positive rate foiraidgl observations (averaged over
10 folds) Values range from O to 1 with a random or null model performing at a value of 0.5.

4The sme metric described in, but calculated for test observations.

page5 of 15



Longbilled Curlew llumenius americanyifredicted Suitable Habitat Modeling

October 19, 2016

Figure 1. Jackknife assessment of contribution dwidual environmental layers to training gain.
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Figure 2. Response curves for the top three contributing environmental layers, mean value in cea, +/
standard deviation in blue. Response curves for additional environmental layers are availableqypest.
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Inductive ModelMap Outputs
Figure 3. Continuous habitat suitability model output (logistic scale).
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Figure 4. Standard deviation in the model output across the averaged models.
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Figure 5. Continuous habitat suitability model outpuith the 808 observations used for modeling.

Figure 6. Continuous habitat suitability model output with relative deviance for each observation. Symbol size
corresponds to the difference between 1.0 and the optimal, moderate, and low habitat suitafitishold.
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