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The goal of my research is to explore the i@tships between landscape structure

beyond the individual patch and nest success d{dimcthe actively-managed wetlands at
Malheur National Wildlife Refuge (NWR) in southeast Oregon. My hypothesis is that
class and landscape-level composition and configuraf wetland habitat types influence
duck nest success. Similar to most refuge landscaipe Malheur NWR is a mosaic of land-
cover habitat types managed at the landscape gaberesult, determining landscape
influences on nest success may offer insights towae optimal design and management of

migratory bird habitat.

STUDY AREA

Malheur National Wildlife Refuge (Refuge) is an J@J0 acre complex of freshwater
riparian wetlands surrounded by high-desert uplga@il®80’ above MSL) in the Interior
Columbia Basin ecosystem (Figure 2). The Refugeestablished by the U.S. Fish and
Wildlife Service (USFWS) in 1908 to conserve Malhddud, and Harney Lakes for
migratory birds (Cornely 1982, Langston 2003). MailhLake is the largest freshwater marsh
in the Western United States and historically higitoductive for water birds (Cornely
1982). In 1935, the Donner und Blitzen River Vallagd in 1942 the Double O Ranch, were
added to the Refuge to protect water sources ttakaes and additional breeding habitat. The
Refuge provides habitat to over 320 bird speciemabus times of the year and is an
important breeding ground to migratory birds altimg Pacific Flyway (Cornely 1982,

Langston 2003).
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MALHEUR NATIONAL WILDLIFE REFUGE

Donnér und Blitzen River

Figure %. Location of Malheur National Wdlife Refuge in Southeast Ore¢ and major water resourt.

Avian productivity of Malheur Lake declined in the late 1940s, assumdx ta esult
of common carpCyprinus carpii) infestatior (Ivey et al.1998).This placed a great:
management emphaon the Blitzen Valley and Double O areas to suj Flyway needs
Theseareas arecomprised a120namedfields (101and 1Srespectivel), aveaging 10C
hectares in siz segregated by roads, dikes, and fer(Figure 3) These field:serve as th
basic unit of manageent to meet habitat objecti. Eachfield possessea unique

composition and configurati of land-coverhabitattypes(Table 7). The landscape structt
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within these fields is controlled with irrigationfrastructure constructed before and during
the early establishment of the Refuge (Langstor8R0rhis system includes more than 1000
water control structures and an extensive netwbdanals to distribute spring runoff from
the Donner und Blitzen River and Silver Creek (IFggR). Habitat objectives are met by
adjusting the timing and amount of water applieddoh field to grow a specific type and
abundance of vegetation. These habitat objectireedeveloped to meet the Refuge’s wildlife
population goals. A better understanding of thatre@hship between habitat landscape

structure and nest success may help Refuge managetgheir avian population goals.

Table 2. Habitat descriptions for the Blitzen Valley and De areas of Malheur NWR (USFWS 2010).

Land-cover Habitat Type Ecosystem Description

Dry Meadow (DM) wetland 50-70% cover live native grasses ergeping wildryel(eymus
triticoides)

Emergent Marsh (EM) wetland Dominated by emergents e.gehalsillrush $cirpus acutus

Open Water wetland Includes submergent vegetation e.g., sadwged
(Potamogeton pectinatus

Wet Meadow (WM) wetland 75% cover water-tolerant grassesesu@uncus spp, and
sedgegCarex spp.

Playa upland Predominantly bare ground, hypersaline shftioding

Public Use Area upland Developed areas for public usepadking, wildlife
observation, amenities

Riparian Shrub wetland 40-80% canopy cover native shrubsalgw (Salix spp)

Riverine wetland Linear water conveyance features such as rivecaaald

Sagebrush Lowlands upland 20% cover sagebrush spAdiem(sia tridentata ssp.

elevated areas in valley

Sagebrush Steppe upland 20% cover sagebrush spidesi6ia tridentata ssp.above
surrounding rim

Salt Desert Scrub upland <15% cover shrubs e.g., greadd@aobatus spp.<20%
herbaceaous veg
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METHODS AND RESULTS

My methods focused on developing estimates needasgsess the relationst
between bird nest success and landscape structimg secondary data. Fill estimatd
Mayfield survival rate:of nest succesto create a lor-term averag for fields within the
Blitzen Valley and Doub-O areas of the Refu. Second, calculatd class and landsca-
level metricsfor fields having a suitablsurvival rate sample si from aland-coverhabitat
mapusingFRAGSTATS softwart | then examined theelationshij between duck ne:

survival rate and landscape pattern metrics usasgriptive statistics and correlation anal

(Figure 4).
Nest Success Landscape Metrics Data Analysis
Data description Field and habitat data Statistic selection
l description
Calculate success per Metric selection
field using Mayfield
Survival Rate l
Calculate metrics per
field using
FRAGSTATS

l Correlation analysi
> Build data table u:;:;f; ISR AR YIS

Discuss significant
findings

Figure 4 Flowchart of method
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Duck NesiSurvival Rat

The Mayfield survival rate method is approprito create atestimate from poole
nest success di (Mayfield 1961, 1975 This method alleviates limitations with the appa
nest success methcAppareninest succe: is calculatecby dividing the number osuccesful
nestsby the total number of nestsund. Becausesuccessful nests are more likely tofound
than failed nes, this procedure often over estimates nest su. Nest wrvival considers th
unit of analysis to be the number of dia nest isunder observation, and subseque
exposed to filure, rether than the individual ne<Daily Survival Rate (DSR) ifirst
calculatecto estimate the probability of a nest siving from one day until the nt. Survival
Rate (SR) is then calculated by raisDSRto the power of the number of days ile nesting

period. The nesting peric is equal to the sum of the laying and incubatiomnqaks

DSR= 1- ( no. failed nests )

no. exposure days

SR= DSR A length of nesting period in days
Nest succe: is thereforeestimatedusingthe method described by Mayfield (19¢€
1975),modified by Johnson (1979) and described in detaKlett et al. (198¢. For long
intervals between visits, as is common in waterfstuties, the midpoint assumptic
provides too much exposure to failed nests (Johnson 19®@minimize disturbing nestir
hens, waterfowl researchers often do not revidit after the calclated hatch date (Johns

1979). Therefore40%of the number of days between visitusedto estimate exposu
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whensearches were more than 14 dapar (Johnson 197¢€ otherwise half the intervi
between visitis use.. Estimateof exposure days fcsuccessful nestsverage clutch size ar
incubation period foeightduckspeciegTable ) were derived from Bellrose (198CKlett et
al. (1986, and Poole (200. Data were censoref missing a first and last visitation date,

if fate was unknown & laking an egg count (lvey 200¢

Table 3 Duck species represented in the nest data and nesting gatéoBellrose 1980Klett et al. 1986and

Poole 2009
SPECIES TYPE CLUTCH CLUTCH INCUBATION EXPOSURE
(n) (avg) (max) (days) (days)
Canvasback (CANV) Aythya valisineria diving 71 10 12 26 36
Cinnamon Teal (CITE) Anas cyanoptera dabbling 231 9 16 24 33
Gadwall (GADW) Anas strepera dabbling 252 10 12 25 35
Green-winged teal (AGWT) Anas crecca dabbling 3 9 9 24 33
Mallard (MALL) Anas platyrhynchos  dabbling 474 9 13 26 35
Northern Pintail (NOPI) Anas acuta dabbling 69 8 12 24 32
Northern Shoveler (NSHO)  Anas clypeata dabbling 51 10 12 24 34
Redhead (REDH) Aythya amencana diving 124 10 14 25 a5

A nest was defined as having at least one egg ascconsidered successful if at I
one eg@ hatched (Klett et al. 198¢l assume(parasitisroccurred if the number of ec-
whenfound was two more than the maximum number of egg®portd by Poole (2009). |
this cas | usedthe average clutch size as reported by Klett €0.8B6 to calculate numbe

of exposure days

Duck Nest Data Descriptit

Duck nest succes:atacollected by Refuge staff and volunteers duringytbers
19871998 was received in Microsoft Excel spreadsheetdd (USFWS 2010 Nests were
opportunitically surveyed irmultiple fields across the Blitzen Valley and Dot-O areas

(Figure J). Most nests were visited twice to determine actiartd fate (Ivey and Dugge
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2008). Eight species of ducks are representeckinldta totalind.275 records (Table 3) with
598 hatched, 563 failed, and 114 of unknown fake dataset includes the data required to
calculate nest survival; date found, number of egigen found, age of nest when found, date
of last visit, and fate; and potential explanateayiables including the plant community
surrounding the nest; emergent marsh (EM), wet m&gtlvM), or dry meadow (DM). |
consider these three land-cover classes to conpesentirety of wetland habitat for nesting
requirements.

Location data includes the field name within whilsh nest was found, however, lack
spatial coordinates of the individual nests simm@mercial handheld Global Positioning
System (GPS) technology was not available duriegcgmsus period. This precludes
landscape-ecological analysis at the patch leweld@pends on averaging the nest success
within each field for analysis with class and lacajse-level metrics.

Though species of dabbling ducks have somewhardiit nesting chronology and
habitat preference, Horn et al. (2005) found nektdl species intermingled in space and time
and therefore appropriate to pool nest data aabspecies within each field. | assume
survival is equally probable for all species. Ptextais the primary reason for nest failure
(376/563 = 67%) as opposed to abandonment (176/533%0). Predators do not discriminate
among duck species and abandonment occurs fom®asch as weather, flooding, and
disturbance, to which all species are equally suibge Further, | assumed the landscape
within each field had not changed between yearalmsewetland plant communities serving
as duck nesting habitat are largely perennial (64805), and there have been no

geomorphic events, nor large-scale managemennadtisSFWS 2010) to influence the
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distribution of habitat within the time period exiaed. | assumed the range of influence of
inter-annual variables, such as weather, surrquatepopulations, and predator control
practices, are represented within the 11 year geridhese data and therefore do not bias the
long-term average. Pooling data across speciegears provides a more robust estimate of

historic survival rate for each field.

Nest Survival per Field

| calculated the Mayfield Nest Survival Rate toigiIssn average nest success for each
field (Table 4). The Malheur Lake and Martha Laletds were removed because their
boundaries encompass a disproportionate amoumménaged land containing habitat
classes not found in the other fields. HenslerMiotiols (1981) used simulation testing to
determine a minimum sample size of 20 nests isewarlestimate survival with any
precision. Using less than 20 nest records to takesurvival rate may misrepresent the
influence of landscape metrics in any one fieldy&eer, | chose an arbitrary minimum of 5
to retain some sample of nests for estimating aeesaiccess while producing a suitable
sample size of fields for correlation analysis. Ttal sample size after censoring is 956
nests. | pooled nest data across species andtpesrhieve an average 19.9 + 17.0 nests per
field for survival calculation across 48 fields.e€Ttange is 5 to 77 nests with 30 fields having

less than 20 nests. The mean survival rate is 28%4 with a range of 0 to 74%.
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Table <« Survival rate (SRand sampleize (N) of duck nests by field at Malheur NWR 1¢-1998.

FIELD N SR FIELD N SR
Bailey 5 0.13 North Swamp 14 0.25
Baker 68 0.31 NW Big Sagebrush 12 0.17
Boca Lake 30 0.26 Peterson 12 0.22
Bridge Creek 20 0.42 Redhouse 24 0.44
Center Sagebrush 10 0.25 Rock Island 6 0.62
Dredger No 2 46 0.17 Rockford Lane 8 0.38
East South Meadow 5 0.03 Skunk Farm 9 0.59
EE Big Sagebrush 8 0.39 South Center 6 0.09
Faye 32 0.21 South Chappo 5 0.06
Grain 7 0.00 South Jones 52 0.29
House 28 0.18 South Krumbo 5 0.02
Hughett 6 0.04 South Little Juniper 25 0.42
Island 46 0.21 South Swamp 25 0.04
Knox 77 0.26 South White 25 0.27
Larson 41 0.15 Suicide 9 0.06
Lava Beds 10 0.74 Thoroughbred 9 0.03
Little Sage Brush 6 0.15 Tipton 18 0.28
Middle Krumbo 14 0.41 West Big Juniper 5 0.07
North Dredger 48 0.42 West Grain Camp 7 0.31
North Jones 38 0.34 West South Meadow 15 0.33
North Little Juniper 11 0.30 West Swamp 9 0.15
North Meadow 28 0.42 West Wright 14 0.43
North Meadow A 10 0.21 Willard 1 12 0.05
North Sodhouse 21 0.36 Yriarte 11 0.11

Landscape GIS Data Descript

Landscape metricwere calculated for habitat types within individuglfls using dat
received from the Refuge (USFWS 2010). The Compraikie Conservation Fnning (CCP;
processcurrently in progresat the Refugrequiresmap data compiled in a Geograp
Information System (GIS). These data include fleddndaries and la-coverto describe
habitatreceived aESRI geodatabase vector format featlassesThe field boundaries we
digitized from scanned and gecerenced historic maps and reviewed by Refuge feta
correct names and locations. The dataset was fustiatially validated with GIS data

fencelines, roads, dikes, and canals mapped using G&&iaphoto interpretation (NAI
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2005). Fifteen land-cover categories, includingttivee wetland nesting habitat classes,
describe all habitat types pertinent to Refuge mgameent and the CCP effort. Dunes, lava
flows, and springs habitat classes occur at aasatale or distribution irrelevant to this
study, and the category lake basin occurs outhiglenanagement areas, resulting in 11
mapped land-cover categories (Table 2). The dates®initially created by merging: 1) soils
GIS data developed in 1997 by the Natural ResolCosservation Service (NRCS 2006) and
2) wetlands developed using aerial photography 18 and 1983, and validated with field
visits in 1984, by the National Wetlands Invent@xxVI 1986). The data was updated with
field-reference data collected using GPS in 20h@,ar photo interpretation (NAIP 2005).
Accuracy assessment using the field-referencerdatdts in an overall accuracy of 81%.
Though vegetative land-cover conditions changeiwigimd between years, the purpose of
this dataset is to describe objective habitathaditat availability, and carries the assumption
that plant community composition and configuratitith not change during the time period of
the contributing datasets (USFWS 2010).

Preparing the GIS data for use with FRAGSTATS cxtesl of clipping habitat data to
the field boundaries and converting to raster farimalandscape-ecological terms, the extent
of the scale is therefore defined by the field ltang and varies in size for each field.
McGarigal et al. (2002) recommend a cell size ih#&ss than half the narrowest dimension
of the smallest patches to retain necessary spasialution of the vector data and
subsequently represent the configuration of thd-tzover classes. The clipped habitat data
were converted to raster datasets in ASCII form#t %0 m resolution. The 10 m cell size

thus represents the grain of the scale in landseaplgical terms.
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Landscape Metrics Calculation

Though landscape metrics do not always providendef quantitative information,
they often provide comparative information usetulfanking options and lending insight
toward future study (Leitao et al. 2006). A suifdandscape metrics described by Leitao et
al. (2006) were calculated using FRAGSTATS softwdeGarigal et al. 2002) and the raster
habitat map of the Refuge. FRAGSTATS offers hungi@dandscape metrics that can be
calculated, however, most of them are redundartile/gome metrics are inherently
redundant because they are alternate ways of e¥gineg the same basic information, metrics
that are empirically redundant may provide useftdimation about aspects of the landscape
under observation that are statistically correldtezitao et al. 2006, McGarigal et al. 2002).

Leitao et al. (2006) propose a core-set of tenio®tselected to maximize landscape
pattern description while minimizing redundancyd &m serve the typical needs of planners
and managers. | used the Percentage of Landschp&l[® version of Class Area
Proportion, and because the field landscapes Hegatit sizes, Patch Density (PD) instead of
Number of Patches. Most of these metrics can pbeapat both the class and landscape-
levels, however, PLAND is only available at thessldevel, and Contagion (CONTAG) and
Patch Richness (PR) are only available at the apslevel. To calculate a class-level
version of the Contagion index, | add the Clumpsniesiex (CLUMPY) to the suite proposed
by Leitao et al. (2006) resulting in 9 landscape=lenetrics, and 9 class-level metrics
calculated for each habitat type (Table 5). Pai@bed metrics, Mean Patch Size (AREA),

Radius of Gyration (GYRATE), Shape (SHAPE), ProxinfPROX), Euclidean Nearest
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Neighbor (ENN), and Edge Coast ECON), werecalculatd usingan area weightemean
(AM). Because patch size is an important controllingoiagt the composition, configuratio
and function of landscapeAM estimateghe disproportionate ecological importance
larger patche(Leitao et al. 2006)In this study, the use of AM addresses the assomjitiat
large patches of habitat likely contain more ndsa® smalpatche. At the clas-level, AM
multiplies the metric by the proportional abundaat#he individual patclarea tcthe total
class are. At the landscay-level, AM multiplies themetric by theproportional abundance
the individual patch area to the total area ofléimelscap¢ Metricswerecalculatecfor all
habitattypesto create a dataset usefor research beynd this study. lassievel metricsfor
thewetland habitatypeswherenests were founiemergent marsh (EM), wet meadow (WI

and dry meadow (DN, were evaluated in this stu

Table 5 Landscape metric desdptions (Leitao et al. 200McGarigal et al2002)

Metric Property Aspect Class Landscape Description (units)

Patch Richness (PR) Compaosition Diversity X Number of different patch types (count)

Percentage of Landscape Composition Areafdensity/edge X Proportion of landscape of a particular class (percent)

(PLAND)

Patch Density (PD) Configuration Area/density/edge X X Density of patches in landscape or of a particular class (count / 100 hectares)

Mean Patch Size (AREA_AM)  Configuration Area/density/edge X X Area-weighted average size of patches in landscape or of a particular class
(hectares)

Radius of Gyration Configuration Area/density/edge X X Area-weighted average patch compaction of all in landscape or of a

(GYRATE_AM) particular class (meters)

Shape (SHAPE_AM) Configuration Shape X X Area-weighted average shape complexity of patches in landscape or of a
particular class (unitless, range >= 1)

Proximity (PROX_AM) Configuration Isolation/proximity X X Area-weighted average isolation within a search radius of a patch of a
particular class or all in landscape (unitless, range >=0)

Euclidian Nearest Neighbor Configuration Isolation/proximity X X Area-weighted average Euclidian distance between each patch and its

Distance (ENN_AM) nearest neighbor of a particular class or any in landscape (meters)

Edge Contrast (ECON_AM) Configuration Contrast X X Area-weighted average contrast of neighboring patches for patches of 2
particular class or all in a landscape (percent)

Contagion (CONTAG) Configuration Contagion/interspertion X Clumpiness of like patches, for all classes, across landscape (percent)

Clumpiness Index (CLUMPY)  Configuration Contagion/interspertion X Clumpiness of like patches, for single class, across landscape (unitless, range -

1tol)
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Setting run parameters fFRAGSTATS softwarincludesconstructinca class

properties fileto speciy the class nam within the raster mg, status g background (extern:
only) or borders (none andwhether or not to include each class in the ol (Table €). The
analysis typevasset to standard and th-cell rule is used to considadjacent cells as pe
of the sam¢patch.A search distance radiof 30 mis specifiecfor PROX_AM.Thirty meters
was selected to eliminate any patch greater the distance of one diagonal cell size av
from the focal patch as being proximeéAn edge weight filwas created for use wi
ECON_AM (Table 7). All wetland habitat pairs are assigned a weiglgeio (no contrast
and all wetlan-habitat to no-wetland labitat pairs are assigned a weight of one (maxir
contrast), as is the external backgroof the raster map threpresenta neighborin(Refuge

field or off-refugelanc.

Table ¢. FRAGSTATS Class Properties F

ClassID ClassName Status isBackground
1 Cold and Hot Springs FALSE FALSE
2 Dry Meadow TRUE FALSE
3 Dunes FALSE FALSE
4 Emergent Marsh TRUE FALSE
5 Open Water TRUE FALSE
6 Lake Basin FALSE FALSE
7 Lava Flows FALSE FALSE
8 Moist/Wet Meadow TRUE FALSE
9 Playa FALSE FALSE
10 Public Use Area TRUE FALSE
11 Riparian Shrub TRUE FALSE
12 Riverine TRUE FALSE
13 Sagebrush Lowlands TRUE FALSE
14 Sagebrush Steppe TRUE FALSE
15 Salt Desert Scrub TRUE FALSE

999 Background FALSE TRUE
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Table . FRAGSTATS Edgweights matrix

& z ]
£ = - s & =2
vy e o b o z a s
° m = — ] = = o 3 = 2 3
83 &8 2 E & 2 A & 2 2 € 2 9 & & &
FTABLE 1 2 3 4 5 6 7 8 9 10 1 2. 13 14 15 999
Cold and Hot Springs | 0 1] 1 0 0 0 | 0 | 1 0 0 1 | | |
Dry Meadow 2 0 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1
Dunes 3 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Emergent Marsh 4 0 0 1 0 0 0 1 0 1 1 0 0 1 | 1 1
Open Water 5 0 0 1 0 0 0 1 0 1 1 0 0 1 1 [ 1
Lake Basin 6 0 0 1 0 0 ] 1 0 1 1 0 0 1 1 1 1
Lava Flows 7 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Moist/Wet Meadow 8 0 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1
Playa 9 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Public Use Area 10 1 1 0 1 1 1 0 1 0 0 | 1 0 0 0 1
Riparian Shrub 11 0 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1
Riverine 12 0 0 1 0 0 0 1 0 | 1 0 0 1 1 1 1
Sagebrush Lowlands 13 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Sagebrush Steppe 14 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Salt Desert Scrub 15 1 1 0 1 1 1 0 1 0 0 1 1 0 0 0 1
Background 999 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Landscape Metrics per Fit

Nine landscag-level metrics ancnine clas-level metricsfor each wetland nestir
habitattypewere calculated for 48 fields resultirn 36 total metrics (Table ). The landscap
metrics include alhabitats in their calculation. The plahabitat typedid not occur in an
fields with a calculated survival tyf The emergent marsh (EM) and dry meadow ([
habitats are not present in all 48 fields resuliing lower sample size. The Euclidean Ne;i
Neighbor (ENN) metrics has more missing data valbas the other metrics for each wetl:
habitat class. This occurs when there is only atehpof that particular class within t

landscape (NP=1
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Table 8 Summary statistics of landscape patteritric for 48 fields. LAND prefixes the landscelevel metrics
EM for clas-level emergent marsh habitat, WM for wet meadowd DM for dry meadow (See Tabl for the
descriptions of the metric

Variable n Mean Median Variance Stdev Min Max Range Missing
LAND_PR 48 6.35 7 3.89 1.97 3 10 7 0
LAND_PD 48 32.84 34.58 27445 16.57 2.03 64.24 62.2 0
LAND_AREA_AM 48 86.22 62.18 2922.62 54.06 13.23 233.19 219.97 0
LAND_GYRATE_AM 48 42057 388.16 16418.81 128.14 151.53 711.44 559.91 0
LAND_SHAPE_AM 48 3.45 3.48 1.15 1.07 1.14 6.07 4.93 0
LAND_PROX_AM 48 156.8 9.37 324220.2 569.4 0 3874.43 387443 0
LAND_ENN_AM 48 70.43 49.46 3746.72 61.21 0 300.16 300.16 0
LAND_ECON_AM 48 29.79 25.1 546.84 23.38 0 78.81 78.81 0
LAND_CONTAG 48 66.11 64.93 102.54 10.13 42.07 98.99 56.92 0
EM_PLAND 43 27.78 27.81 362.86 19.05 0.03 71.48 71.45 5
EM_PD 43 5.72 3.33 45.1 6.72 0.12 34.58 34.46 5
EM_AREA_AM 43 59.78 34.67 7236.93 85.07 0.08 386.88 386.8 5
EM_GYRATE_AM 43 338.08 293.66 66803.51 258.46 1199 1136.91 112491 5
EM_SHAPE_AM 43 3.46 2.79 5.41 2.33 1 10.74 9.74 5
EM_PROX_AM 43 57.15 0 44294.44 210.46 0 1077.1 1077.1 5
EM_ENN_AM 39 76 51.74 3679.91 60.66 20.01 301.36 281.35 9
EM_ECON_AM 43 15.65 6.31 402.67 20.07 0 73.08 73.08 5
EM_CLUMPY 43 0.91 0.92 0 0.06 0.58 1 0.42 5
WM_PLAND 48 46.25 49.83 601.5 24.53 0.06 98.34 98.28 0
WM_PD 48 4.94 4.49 13.23 3.64 0.6 17.94 17.34 0
WM_AREA_AM 48 76.73 60.47 4579.93 67.68 0.09 243.59 2435 0
WM_GYRATE_AM 48 398.37 382.12 3748858 193.62 22.22 880.73 358.51 0
WM_SHAPE_AM 48 3.68 3.39 2.04 1.43 1.35 7.56 6.21 0
WM_PROX_AM 48 66.49 3.07 31371.77 177.12 0 1037.29 1037.29 0
WM_ENN_AM 45 47.78 32.68 1117.76 33.43 20 170.29 150.29 3
WM_ECON_AM 48 26.81 24.63 483.95 22 0 84.95 84.95 0
WM_CLUMPY 48 0.88 0.88 0 0.05 0.67 0.98 0.31 0
DM_PLAND 24 10.34 2.67 522.52 22.86 0.01 99.78 99.76 24
DM_PD 24 1.77 0.78 6.32 251 0.29 11.33 11.05 24
DM_AREA_AM 24 19.78 2.91 1696.65 41.19 0.04 152.1 152.06 24
DM_GYRATE_AM 24 183.6 120.06  32309.18 179.75 14.14 713.9 699.75 24
DM_SHAPE_AM 24 2.42 2.03 1.5 122 1.14 571 4.57 24
DM_PROX_AM 24 0.65 0 3.13 1.77 0 8.2 8.2 24
DM_ENN_AM 14 244,02 173.79 71193.19 266.82 22.36 967.39 945.03 34
DM_ECON_AM 24 16.54 0 759.64 27.56 0 84.06 84.06 24
DM_CLUMPY 24 0.82 0.92 0.16 0.4 -1 0.97 397 24
Data Analysi

Multi- variate regression can detern which set ofindependenvariables bes
explains the variability in dependent variak, however, the method requires a minim

samplesize to retain statistical poweGreen (1991) suggestherule-of-thumbformula N =
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50 + 8m where m = the number of predictors, is esteufor studies with 7 or less predictors.
My arbitrary minimum nest sample size of 5 resulted total of 48 fields available and
below the minimum of 58 as per Green’s (1991) nfldaumb. Following Hensler and
Nichols’ (1981) minimum sample size of 20 nestsdrvival estimation would have resulted
in only 18 fields available for analysis, far beltve minimum required sample size for
regression with multiple predictors. Unfortunatelye more species and years pooled to meet
these minimum sample size requirements, the mdinjeaithe estimation is to the issues
associated with biological and temporal assumptibagther, inclusion of all calculated
metrics in multiple regression analysis would resul sample size of 24 because dry
meadow is not present in all fields. For this reasaised the univariate Pearson R correlation
analysis method to individually assess the relatigqps among landscape pattern metrics and
the potential influence of landscape variables uark nest success.

Correlation matrices for each set of landscapeioseivere developed using R
statistical software (R Development Core Team 200Be graphical matrix provides a
histogram of the variables along the diagonal agtemlot with an ordinary least squares
(OLS) best-fit line for each pair-wise combinatioelow the diagonal, and the corresponding
coefficient of correlation (r) value above. Theubk#tr matrix shows the r-values below the
diagonal and corresponding significance (p) valheva.

The coefficient of correlation (r) provides a maasof strength and direction of
association between variables (Rogerson 2006)armeed the pair-wise associations
between Rate and landscape metrics, as well agbrtlandscape metrics, to assess

redundancy among the dataset. Significance vapedetermine the probability with which
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the correlation is real and to not have occurredhi@nce (Rogerson 2006). Scatterplots of
pair-wise relationships were used to assess thgesbalinearity of relationships among
variables. Histograms were used to assess nornaadyappropriate transformation to remedy
non-normal variables. Both graphics provided infation about the presence of outliers.
Transformation of the non-normal variables redubeseffect of outliers and may provide a
better indication of a significant relationship (Planald 2009). The log-transformation for
positively skewed data, and the square-transfoomdtir negatively skewed data were used,
with the addition of a constant, 1, when zerospaesent in the data.

While correlation does not determine causatiopravides information for assessing
the potential relationship among variables. Pasitelationships, where the variable Rate
plotted on the Y-axis, increases with increasinge®f the landscape variable plotted on the
X-axis, are quantified with a positive r-value. ddéive relationships, where Rate decreases
with an increase in the landscape variable, aretfieal as negative r-values. | consider
correlation between landscape metrics and nesessdo be statistically significant when the

p-value is less than the commonly accepted level@s.

Association between Survival Rate and Landscapablas

| determined the distribution of survival rate amgdields to be random by testing for
spatial autocorrelation, Moran’s | = -0.09, p =%.Zhe frequency distribution of Rate is
slightly skewed to the right (Figure 5). Log tramshation results in an outlier because the
lowest rate is 0.00 for the Grain Field. The urdfarmed data appears to yield the nearest

normal distribution suitable for analysis.



