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Introduction

The Washington Connected Landscapes Project: StatevEms
Analysis (WHCWG 2010) modeled connectivity for 16 focim
species within Washington. This analysis incorporated d =
layers such as land coviand use, elevation, slope, housi
density, and roads at a X@teter scale of resolution. Because
the generality of the layers and the relatively coarse scale o
statewide analysis, the approach was refined for a connect
assessment of the @ohbia Plateau Ecoregion, a part of t
state with an extensive human footprint and many species
are declining in both distribution and abundance.

The arid Columbia Plateatcoregionof eastern Washington ==
predominantly comprised of shrubsteppegetation A vitally Beaver, photo by
importantfeaturewithin this landscape is water in the form of Ginger Holser
streams, rivers, wetlandgnd lakes.The tees, shruhsand

grassedhat thrive in the moist soils bordering these wet areascollectively referred to as
riparian v@etation Riparian habitatsform fioases in the dry Columbia Platealandscapeand
play a key role irproviding resources for a diverse arayfish and wildlife speciesThe beaver
(Castor canadens)ss inextricably linked tahese habitats.

This reportdescribescomponents obeaver biologythat are relevant to an ecoregional analysis

of habitat connectivityWe used additional data layers, better defined habitat variables, and a
finer scale of resolution to examine connectivity issues for 11 focalespencluding beaver.

We intend this ecoregional scale analysis of habitat connectivity fobdhgerto inform
conservation and management of this species, and other similar species, on the Columbia
Plateau

Justification for Selection

The beavewas chosen as a focal species because it was considered godxt representative
of riparianand wetlanchabitas. Beaverdemonstrate considerable adaptabiihdcan thrive in
rivers and streams in a mountainous fardsetting as well asrivers andstreamsthat run
throughthedry shrubsteppenvironmentThe commorhabitat feature thdieaver need is water
and the vegetation closely associated with wiitatprovidestheir food supply Additionally, it
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was felt thadequateesearch existed ohé beaver to havenainderstanding aheir movement
capability, behavior, and dispersal distances.

Beaver areoften referred toasa fikeystone speciésand are considerefiecosystem engineérs
(see review by Bake& Hill 2003). A keystone species igne that plays a critical role in
maintaining the structure of an ecological community and whose impact on the community is
greater than would be expected based on its relative abundance drdotats(Paine 1969
Mills et al. 1993. Physical ecosystem eingersidi r ect ly or i ndirectly

1997). Beaverdam building, canal building, and foraging actest can dramaticallyffect
ecoystem structure and functidoy altering both physical (stream morphology, hydrology, and
chemistry) andiological attributegNaiman et al. 1988Nright et al. 2002Rosell et al. 2005;
Cunningham et al. 2006; Anderson & Rosemond 2010; Fuller & Peck2@dky Cramer 201p

For example, @m building increases the bed elevation of a stream channel and €legatater

table locally traps sedimerdnd organic materiacreates wetlands, and modifies the structure
and dynamics of the riparian zone (Nainmetral. 1988).The spatial and temporal dynamics of
beaver activities can broadly benefit other riparian dependant wildlife increasing species richness
at the landscape scale (Wright et al. 2002; see Baker & Hill 200@)impact of beavers and

their roleas ecosystem engineers may be amplified in-semiregions (McKinstry et al. 2001;
Cooke & Zack 2008). For instance, streams that seasonally run dry may become perennial under
the influence of beaver and beaver dam complexes (Buckley et al. 2011).

Prolonged absence of beaver from an area can reduce the quality or suitability of a riparian zone
for species that depend on these areas for some aspect of their life Aibtergbsencanay

have longterm impacts as riparian habitats are recognized odésnpal travel corridors for
wildlife, facilitating dispersal and gene flow among populations, and allowing potential range
shifts of species in a changing clim@teutson & Naef 1997)

Approxi mately 85% of Washi ngttamdsaiatediwlthdiVersf e
and streamsat some point in their life history. Additionallyp7% of neotropical migrants
reported in the stat@re supported by riparian habitat (Knutson & Naef 19®Mbre than 90% of
original riparian habitat along the ColuratRiver has been lost toydro-energy development

and agriculture Additionally, the vegetation imany riparian areas ieastern Washingtohas

been altered and suppressed by decades of overgrazing (Knutson & Naef 1997). Increasingly
beaverare receivirg recogniion as a beneficial speciasseful for restoring degraded riparian
habitai and establishing anatural disturbance regime in stream and riparian ecosystems
(McKinstry et al. 2001; Pollock et al. 2007; Beechie et al. 2008; Demmer & Beschta 2008;
Cramer 2012)For exampleBeechie et al. 2008oncluded that the recovery time to reconnect
incised channels to their historical floodplain for the Walla Walla and Tucannon River basins
ranges from 60 to 275 yealsaver activities may decrease thesevepptimes by 1733%.

Beaver scored Excellent for four of the five criteria used to evaluate focal species for the
Columbia Plateau Ecoregion. Beavers were considered sensitive to threats from development,
roads and traffic, and people/domestic animdlsreats to beaveare evident in developed
settings and in locations where people have placed their hoowdisuildings or other
infrastructure irclose proximity ¢ rivers and stream#istead of the biological carrying capacity

of the landscape, it isften the social carrying capacityie,peopl eds t ol thatanc e
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influences where beavers can exist or persisaonflicts with beaver occur en beaverdam
building and foraging activities flood or damage propddgnker et al. 208) Baker & Hil
2003) In many caseB n u i 8leaver areemovedregardless of Wwether the threab property
is real or perceivedn agricultural areas where irrigation ditcheanalsdeliver water to crops
or where stream$order agriculturalfields, dam buildng is generallynot tolerated If beaver
activity interferes with irrigationor crops are flooded or threatened by waberaver and their
dams areypically removed

The beaver has nlisting statusas a state or federdlhreatened EndangeredCandidate or
SensitivespeciesNatureServe (2012anks beaverG5indicaing that populations are considered
globally secureBeaver are not a hunted species in Washin@atebut are classed as a fur
bearer and can be legally trapped statewldh® marlet and price for beaver pelariesand a
strong fur market results in increased trapping effedme harvest reports ftine Washington
Department of Fish and Wildlifénttp://wdfw.wa.gov/hunting/harvésindicate thathe annual
statewidetrapping harvest of beavaveraged 1536 individuals (rangé262626 between 2000
and 2009In addition to fur trapping,daver aralsofrequentlyremovedrom an areavhentheir
feeding behavior or dambuilding activities conflict with landownerneeds orpreferences
Although beaver have no listing status in Washingstate riparian habitat is considered a
Priority habitat (Knutson & Naef 1997)

Distribution

fiThe North American beaver occurs from coast to caadtranges from Alaska&udson Bay,

and northern Labrador in the North to the UMkexico border, Gulf Coast, and Florida state line

i n t heM#lar-8chwarzes Sun 2003 Beaver populations have been established outside

of North America includingArgentinaand Finland Baker & Hill 2003; Hyvonen & Nummi

2008. The historical population of beaver North Americaprior to European settlement is

estimated amore than60 million individuals.Demand for beaver fur dimg the 1700s and
1800sresulted inindiscriminate and extensive trapping of beav@nsequentlyby 1900 they

were largely extirpatedacrossmuch oftheir range.Implementation of harvest regulatiorand

successful reintroduction of beaver to former rareyentually led to recovery of palations

However, beginning in the 1780s the lower 48 states lost an estimagédob3heir original

wetl ands, Afon average, the | ower 48 states h:
bet ween the 1780s and anyhokthede@eBahdslikely(sippdntéd 1 9 9 0
populations ofbeaver(Naiman et al. 1988). The current distribution of beaver reflects both

natural recolonization and reintroduction efforttn 1988 beaver were estimated to number
between 6 and 12 milliomdividualsin theUS (Naiman et al. 1988).

Beaver occum the Columbia Plateau Ecoregionaquatichabitatswith perennialwaterflow, a
moderate gradient, and access to riparian vegeta#ti@as that are nauitablefor colonization

can function as travel corridofsr beaverdo access suitable locatio®hen comparetb other

areas of the stateheé Columbia Plateau haeelatively little core habitat for beaver
(http://wdw.wa.gov/conservation/gap/gapdawithin our project area and buffer approximately

3% of the land cover is classed as either riparian, herbaceous wetland, introduced riparian or
wetlands vegetation, or water.
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Beaves live infamily units(colonies) of four to eight individuals and defendoaneon territory
of connected poolsFamily units typically consistof the breeding pair of adults and their
offspring from the current and previous years (Jenkins & Busher 1979; Sun et al. B9©0).
distribution of leavercoloniesis somewhatliscontinuos or patchyand may be influenced by
both extrinsic (e.g., habitat alteration and trapping) and intrinsic factors (e.g., territorial
behavior) Colony densitieseported in the literature range froraar zero to 4.6/kim(Baker&
Hill 2003). In a study ofan unexploited beaver population in southern lllintbescolony density
was 3.3/knf (Bloomquist & Nielsen 2010) In this lllinois study, the habitat consisted of broad,
nontlinear wetlands Colony dispersion patterns may be influenced by the history avdoe
removal through trapping or relocation of nuisance individuRédscolonizationor reoccupancy
and eventualestablishment of beaver coloniesay not happen rapidly and uniformlyFor
example m Wyoming beaverarestill absent from 24% of firsto fifth-order streams where they
were believed to be once abundant (McKinstry et al. 2001).

Habitat changesnay account forobserveddistribution pattern®of beaver Historically, many
streams in the Columbia Platesuere characterized byarrow, deepand gatly meandering
channels lined with riparian vegetati@viictor 1935; Pollock et al. 2007 oday many of these
streams are incised and contain little or no riparian vegetation or beaver(Paliosk et al.

2007) Stream reaches that have become deeply incised oveloseéeaver dams during high
water events. These high flows are confined within these deep narrow channels. The stream
energy cannot dissipate on a floodplain and beaver dams wasDemfly incisedstream
reaches are less able to support riparian vegetation because the water table is lower than the
rooting depth of the plantand the steep stream banks may prevent beaver from accessing
vegetation a the perched floodplairAdditionally, floodplainsin the Columbia Plateau have

been drained or alterday drainage ditches, subsurface drain tiles, tree and shrub removal, and
straightening of the natural watercourany former streams areow drainage ditches where
vegetation has been removed anagé# occurs to the water edge (StindoSchroeder2010).

Such land use practices reduce available habitat for beaver.

Habitat Associations

Independenbf the type of vegetation present on the landscape, the proxfritat vegetation

to water is the oveiding issue for beaveFor example, atand of aspe(Populusspp.)trees

near a ridgetop would not lmnsidered good beaver habitat. That same stand of aspen trees
bordering dow-gradientstreamin a valley bottomwould be considered excellemaverhabitat

In the Columbia Plateau beaver are not fourar@aghat lack water.

General

Beaver exhibit surprising plasticity in the typeswadter bodies angegetation where they can
live. This plasticity has allowed beaver to occupy a widege ofmesic habitatsincluding
tundra, boreal forest, peatlandgparian habitat in hot and cold deserts, hardwood forests,
bottomlands,and marshes(Baker & Hill 2003). Beaver cansuccessfully occupystreams
bordered predominately by grasses and cattailsrairie regionson the great plains of North
America In contrast,a black cottonwoodP. balsamifera trichocarpagallery forest with an
understory of coyote willowSalix exigug, red-osier dogwoodCornus stoloniferg and wild
rose(Rosaspp.)growing on thdloodplain of a large rivecansupport beaver.
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In a boreal forest ecosystem Barnes and Mallik (1997) foundntbst significant habitat
determinarg for the location of beaver damseve upstream watershed aread steamside
vegetation structureBeier and Barrett (1987) modeled factors important for habitat use by
beaver in the Truckee River Basin inegon. Stream gradient, depth, and width were the most
important factors while variables reflecting food abundameee less importanBeaver usesites

in the Oregon Coast Range were characterized by wide valley floors, narregrddignt
streams, high grass/sedge cover, and low red afdmss(rubrg and shrub cover (Suzuki &
McComb1998).

Beaver construclodgesusing sticks, branchesand mud They wil also build and usebank
burrows. Both types ofstructureshave underwater entrancéhe lodge and the bank burrow
offer protection from predatorand cold winter conditions provide alocation to feedand a
place togive birth to youngDams are consicted to impound watdherebyincreasng water
depthwhich allows for an underwater entrante the lodge or bank burrowhe ceeper water
created by damalsoallows beaver tsink branches andache food in the pond for later use.
When thetemperatureextreme in winter freezethe surface of thevater and conditions for
overland travel are unfavorabliae branches and limbs ithe deegr water in the vicinity of the
burrow or lodge are accessilfter consumptior(Mller-Schwarze& Sun 2003.

Vegetationnear the stream is utilized for food and dam buildBgaverare consideredentral
place foragersThey worko ut f r om t hte colleetfoce anilsnsteudtignematerial
andbring them back to a central place such as their Idégeging distaces up to 200 m from
water have been observedijiér-Schwarze & Schulte 1999).

Winter

Becauseof the harsh conditions presented by freezing temperaturewatedsin the northern
parts of their rangdt is important that foode accessiblen winter. Beaver will create a food
cacheduring the growing seasdmy sinking tree limbs andbranchesnto the bottom ofponds
they create withtheir dams During winter they survivesometimes under ice, living off these
stores o food as well azatingaquaticvegetation such gsond lilies Nymphaeaand Nuphar
spp.;Baker & Hill 2003; Milligan & Humphries 2010)

Agriculture

Agriculture, particularly irrigated agriculturess awidespread andconomically significankand
usein the Columbia Platealn many lo@tions aeas that were historically floodplains have been
converted toagriculture It is not unusualn agricultural areaso see streamthat have been
straighenedandrealignedalong the margins of fields. This idegacy of practiceto configure
channels to facilitate farming where a meandering stibairbisected a field was an obstacle to
efficient farming and accesStreamsn an agricultural settingften lack riparian vegetation or
are minimally bordered by riparian vegetatidn. some areas of the Columbia Plateau the
introduction of irrigated landise practices has created habitat for beaver. However, the potential
for conflict with people is high in these are@eaver activitythat interferes with delivery of
water for irrigaton or cause flooding of water onto fields and crapenerallyresuls in the
removal of thedamsand the beaver.
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Sensitivity to Roads and Traffic

Beaver do not appear to avoid roatdeparticularly sensitive ttraffic noise Beaver dams and
signs of heir activity, such as chewed or fallen treese often visiblefrom and occur along
roacs. Roads bisect or often parallel streams and floodplains. The fill material and arthating
comprise a roadepresert lost floodplain, stream, riparianand wetland habitator beaver
Mortality from vehicle collisios associated with road traffimay be reducedybbridges and
culvertssincebeaver camemain in a stream arphss through a road prism without having to
cross theunning surfaceHowever,if dam building activitie®bstruct or plugulverts or small
bridges andtheyhave to travel across the romdmove downstreanibeaverare at risk of being
hit by a vehicle In addition to habitat loss and mortality thesethe potential for conflictfi
beaver activities threateor damage aoad (Curtis & Jensen 2004)n these casethe dam
building material is removeldy highwaymaintenance crewand the beaver amten removed
as well.

Sensitivity to Development

In towns and cities with streammgnning throgh them, a beaver establishing a dam, dropping
trees and impounding streams will almost alwaysesult in the removal of the beaveks
mentioned earlier, there is a social carrying capdoitypeaver ina developed settingnd it is
likely that these arease a population sinkt is common practice in dealing with beaver that are
viewed as causing problems to either lethally remove them with wagsapture them live and
transport them to a wildlife area or to the forest zone and rethase into streams at a new
location.Monitoring of radiomarked beavesuggests thatlocatedndividualsare often subject

to predation(McKinstry & Anderson 2002)Without the benefit of a lodge, beaver may be
vulnerableto predation bycoyote Canis larans), bear Ursussp.) and mountain lionFuma
concolo.

Recently, the United States Forest Service (USkit)Washington Department of Fish and
Wildlife (WDFW) have partnered with othgroupsto initiate programs to relocate entire family
groups insttad of individual beaver (http://www.rco.wa.gov/prism/ProjectSnapshot
http://www.pacificbio.org/initiatives/beaver This technique involves capturing family groups
over a period of several day$he beaver are held during this tinman unused fish hatchery
racewayand fed freshly cut aspen, cottonwpaad willow branches. The raceway is partially
filled with water and ainder blockand plywoodflodged is provided. When all the beaver have
been captured, the whole group is transported to a new location where a rudimentary dam and
lodge have beepreviouslyconstructed. The branches thia¢ beavehave been feeding pas

well as fresh branchear e pil ed by the | odge and at the
the lodge and thentranceis kept closed till evening. Their departure from the lodge is
volitional. Because beaver are crepuscular and noctunegldre itroducedto the new location

in the eveningvhen they ar¢hought to be less vulnerable to predation.

Sensitivity to Energy Development
WIND ENERGY DEVELOPMENT

Wind energy facilities argenerallysited on ridggops and not in valley bottonvghere steans
are locatedUnless roads are constructedaasstreamsor trenching for underground installation
of electrical cable cross streams, few conflicts are anticipated outsiddhe@hormal impacts
associated with constructi@md maintenance

Appendix A.10 Washington Connected Landscapes Project: Anaflysis Columbia Plateau Ecoregion A.106


http://www.rco.wa.gov/prism/ProjectSnapshot
http://www.pacificbio.org/initiatives/beaver

TRANSMISSION LINES

Similar to wind energy development, few conflicts with beaver are inhenémttransmission
line corridors Conflicts may occur if transmission linegoss riversstreamsand wetlandsand
beaver activity floods the footisgf a transmission toweand threatens the structural integrity
of the tower In these casdseaverareremoved Periodically, trees ar®pped oremoved within
transmissiorcorridors to address concerns widpair,maintenanceaccessandthe potential for
electrigty to arcfrom lines to trees that have grown too close to the lines. Thislegmade or
remove habitafor beaver Treesin riparian zonegshat have the potential to fall on wooden
power poles and/or the lines thaypport are removed or topped.

Sensitivity to Climate Change

For sagebrush habitats global climateange models predict more variable and severe weather
events, higher temperatures, drier summer soil conditions, and wetter winter seasons (Miller et
al. 2011).In the Pacific Northwest greater seasoaradl interannual variation in precipitation is
expected withwetter fall/winter seasons and drier summ&samer 2012)Beaver dams spread
water out across a floodplain during spring runoff and impound watmround Actionsthat

may help minimize thempactsof droughton wetland function andvater availability. For
instance, baver activity tends to make streams and floodplains more moisture retghiore
benefits riparian vegetatioBeaver activities have been suggested as potentially mitigdweng t
effect of increasing climatic temperatures for some amphibian species (Popescu & Gibbs 2009).
Hood and Bayley (2008) examinelimatic variablesandhow beaver presenadfectedthe area

of open water ira mixedwood boreal region of Canad@etween 198 and 2002during both

wet and dry yearghe presence of beaver was associated witHad9increase impen water
areasuggestinghat beaver can dramatdity influence the creation dmainenance of wetlands

even during droughtears.

Dispersal

We used natural dispersal moveme(itable A.10.1)not movemers of individuals following
translocationn our modelas leaveroften move considerable distances after release to a new
location. Translocations placeelaver in an unfamiliar setting and they mag/ exploring the
habitat or seeking familiar territory or members of their home colony
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Table A.10.1. Dispersal distances of North American beaver (table reproduced from Milller-Schwarze &
Sun 2003).

Geographical Regions DispersaDistance
Mean Maximum

New York A: Malesd 3.5 km (2.2) A: 31.7 km (19.7; a female)
Femaled 10.2 km (6.3)

Idaho A: 8.5 km (5.3) A: 18.1 km (11.3; a male)

Malesd 8.3 km (5.2)
Femaled 10.9 km (6.8)

Minnesota A: 17.1 km (10.7) A: 49.6 km (31)
S:29.9 km (18.7) S:81.6 km (51)

Note:A, by air (straight line); S, along stream. Values in miles are given in parentheses.
Conceptual Basis for Columbia Plateau Model Development

Overview

Perennial streams with a low gradient, rivers, lakes, ponds, wetlaadd, reservoirs were
considered to bé&atures that offered little resistance for beaver movement (Table A.¥e2).

had no information as to whether major hydroelectric dawmese barriers to movement,
impediments thatould be negotiatedpr not an issuéor beaver It wasdifficult to generalizean

effect of hydroelectric damsincedesign and site terrain are variableacrossour project area
Beaver existn waterwaysabove and belowlamsandthere isanecdotal evidencaf individuals
traversing atypical habitats, e.g., the elementary school parking lot in the city of Bridgeport
immediatelybelow Chief Joseph DarfL. Robb, personal communicatior} is possible that
beavers incua movement costhennegotiating large hydroelectric dant$owever,because of

lack of information regarding the effect of dams on beaver movement we did not consider these
features in our model although we acknowledge that they may have an effect.

The proximity of vegetation to water walse primary considerain when assessing habitat value

of land-cover classeshabitat value decreases with increasing distance from viggarer can

and do venture overland but this behavior appears to be to access sources of food or feeding
areas and these areas are stronglgao ci at ed wi t h water. AfBeaver a
exposing themselves to predators such as wolves, bears and coyotes. Hence, beavers minimize
their time on | an dMidenSthwarzela Jun2003o0Skeep otinospitablee r 0 (
landscap features such as cliffs, talus, duaadhigh-gradient stream reaches were considered

poor beaverabitat. Land cover/ land use classes assigned high ressstactuded Dunes,
Scabland, anthe Cliffs Rocks Barrercategoy. Elevationand housing density wemmnsidered

to have minimal impact on movement and habitat v&buddeaver except when elevation was

greater than 200 m and housing density was less than 10 acres/dwelling Btope was
considered to influence beaver movemeapability and habitat \ae when it exceeded 20

degrees. Energy development was not considermapece movement capability for beaver.
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Irrigation infrastructureincludedlined canals, unlined ditches, modified streamusd natural
streams that serve t@liver water to fields and crops. A confounding element with irrigation is
seasonalityasirrigation does not necessarily occur yeaunnd. Additionally, watering livestock

from irrigation infrastructure can occur outside of the growing season. Sometiarriga
infrastructureis associated with streams and is in floodplain areas and involves natural, semi
natural or entirely marmade water conveyance features. Other irrigation systems are not
associated with or in proximity to stream features. For the pagpof this study, irrigation
features are considered collectively amere assigned low resistanes keaver can sett these
areas to move throughnd as pathways for dispersblowever, these areas may not deod
habitat for a beaver to coloniaad thus were assigned a relatively low habitat value (0.5)
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Table A.10.2. Landscape features and resistance values used to model habitat connectivity for beaver.

Spatial data layers and included factors Resistance valuel Habitat value
Landcover/Landuse
Grassland_Basin 5 0.3
Grassland_Mountain 5 0.3
Shrubsteppe 5 0.3
Dunes 165 0.1
Shrubland Basin 5 0.3
Shrubland_Mountain 5 0.3
Scabland 165 0.1
Introduced upland vegetation_Annual grassland 5 0.1
Cliffs_Rocks_Barren 165 0.1
Meadow 5 0.3
Herbaceousvetland 0 1.0
Riparian 0 1.0
Introduced riparian and wetland vegetation 0 1.0
Water 0 1.0
Aspen 5 0.7
Woodland 5 0.5
Forest 5 0.5
Disturbed 5 0.2
Cultivated cropland from RegapNLCD 5 0.3
Pasture Hay from CDL 5 0.3
Norrirrigated cropland from CDL 5 0.3
Irrigated cropland from CDL 5 0.4
Highly structured agriculture from CDL 5 0.3
Irrigated/Not Irrigated/Cultivated Crop Ag Bufferi®50m from native habitat 5 0.3
Irrigated/Not Irrigated/Cultivated Crop Ag Buffer 26(6600m from native habitat 5 0.3
Pasture Hay Ag Buffer 0 250m from native habitat 5 0.3
Pasture Hay Ag Buffer 250500m from native habitat 5 0.3
Elevation (meters)
07 250m 0 1.0
2507 500m 0 1.0
5007 750m 0 1.0
7507 1000m 0 1.0
1000i 1250m 0 1.0
1250i 1500m 0 1.0
1500i 2000m 0 1.0
20007 2500m 0 1.0
25007 3300m 165 0.1
Slope (degrees)
Gentle slope Less than or equal 20 deg 0 1.0
Moderate slope Greater than 20 less than equal to 40 deg 82 0.2
Steep slope Greater than 40 deg 165 0.1
Landform
Drainage 0 1.0
U-shaped valley 0 1.0
Plain (or surface water) 0 1.0
Midslope 0 0.2
Ridge or mountain top 165 0.0
Housing Density Census 2000
Greater than 80 ac pewdlling unit 0 1.0
Greater than 40 and less than or equal 80 acvpeltidg unit 0 1.0
Greater than 20 and less than or equal 40 acvpeltidg unit 0 1.0
Greater than 10 and less than or equal 20 acvpeltidg unit 0 1.0
Less than or equal 10 ac pevelling unit 9 0.6
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Spatial data layers and included factors Resistance value Habitat value
Roads

Freeway Centerline 9 0.3
Freeway Inner buffer D 500m 0 1.0
Freeway Outer buffer 5001000m 0 1.0
Major Highway Centerline 5 0.3
Major Highway Inner buffer @ 500m 0 1.0
Major Highway Outer buffer 500 1000m 0 1.0
Secondary Highway Centerline 5 0.4
Secondary Highway Inner bufferi0600m 0 1.0
Secondary Highway Outer buffer 500.000m 0 1.0
Local Roads Centerline 5 0.4
Local Roads Inner buffer0500m 0 1.0
Local Roads Outer buffer 5§01000m 0 1.0
Transmission Lines

LessThan 230KV One Line Centerline 0 0.4
LessThar?30KV One Line Inner bufferid500m 0 1.0
LessThan 230KV One Line Outer buffer 500000m 0 1.0
LessThan 230KV Twar More Lines Centerline 0 0.4
LessThan 230KV Two or More Lines Inner buffef 800m 0 1.0
LessThar?30KV Two or More Lines Outer buffer 5§01000m 0 1.0
Greater Than or Equal 230KV One Li@enterline 0 0.4
Greater Than or Equal 230KV One Line Inner bufférB0m 0 1.0
Greater Than or Equal 230KV One Line Outer buffer 6AM00mM 0 1.0
Greater Than or Equal 230KV Twadnes Centerline 0 0.4
Greater Than or Equal 230KV Two Lines Inner buffér B0m 0 1.0
Greater Than or Equal 230KV Two Lines Outer buffer 5A@®00mM 0 1.0
Wind Turbine

Wind turbine pint buffer 45m radius 0 0.5
Buffer zone beyondqint buffer 0i 500m 0 1.0
Buffer zone beyondagint buffer 5000 1000m 0 1.0
Irrigation Infrastructure 0

Irrigation canals 2 0.5

Movement Distance

Dispersal distances (straight line) reported in the literature show conselesabbility (Table
A.10.1) buttypically average less than 20 kilovementsreported forbeavertranslocatedo

new locationsindicate thatthey are physically capable of moving considerably further. For
example, Hibbard (1958) recorded a translocatedt dshaver in South Dakota moving 148
stream miles (67 straight line miles) from the release site (238 and 108 km respectively). This

beaver was released in May and was trapped ir
this spot by water, the beawsould have had to navigate three drainages, the Red River and the
two tributaries mentioned abov¥ed ( Hi bbar d 1958) . B e coanectivity we we

opportunitiesfor beaver across the Columbia Plateau Ecoregion we wanted to be inclusive when
sekcting a movement distance for the model. Therefaee,used 60 km as the maximum
Euclidean distance between habitat concentration areas (HCAs) for which to model habitat

Il inkages. This value exceeded maxi mustllfédlnat ur a
within the range of movement capability of beaver.
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Habitat Concentration Areas

The distribution of beaver throughout the study area has not been well surveyed, so we relied on
modeling beaver habitat to identify habitat concentration areadn§HGNe defined beaver
habitat according to the parametersTableA.10.2 Input layers included landover, elevation,

slope, landform, housing density, all road types, railroads, transmission lines, wind turbines, and
irrigation infrastructure. Iraddition, small lowgradient perennial streams are a primary aquatic
habitat for beaver but were not adequately reflected in the above data layers. We therefore
assigned cells in the beaver habitat model a value of 1.0 if they coincided with pererenas stre
defined by the National HydgoaphyDataset NHD; see Appendix [} had a slope between zero

and six degreetSuzuki & McComb1998, and were otherwise ideal habitat in all layers aside
from land cover. Similarly, we altered cells meeting the same raite the beaver resistance
model to have a value of zero.

We modeled beaver HCAs based on a threshold minimum average habitat value of 0.25 within a
4000 m radius moving window. This identified portions of the landscape where suitable aquatic
habitat cormprised at least 25% of the home range. We then converted the beaver habitat model
(modified by inclusion of lowgradient perennial streams) into a binary model based on a
threshold of 0.75, and expanded the binary model outwards 4000 m-weighted ditance to

merge the aquatic habitat cells together if they were within a home range movement distance.
Finally, we eliminated cells from the merged patches if the patch area was less thaf 25 km
Patches that met all of these criteria served as the be&4s.H

Resistance and Habitat Values for Landscape Features
We assigned resistance and/or habitat values to parameters associated with the following GIS

data layers (Tabléa.10.2)to modelhabitatconnectivity forbeaver.
1) Land cover/Land use
2) Elevation
3) Slope
4) Landform
5) Housing Density
6) Roads
7) Transmission Lines
8) Wind Turbine
9) Irrigation Infrastructure

Modeling Results

Resistance Modeling

The resistance surface for beaver in the Columbia Plateau (Fig. AshOW3$ a landscape that is
largely resistant tanovementexcept for areas in close proximity to water and wetlands.
Noticeable areas of low resistantelude riversand lakes (e.g., the Columbi&nake, and
Palouse riversBanks Lake, and Potholes Reseryd8tretches othe larger rivers arbounded
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by highresistance habitaeg., the Columbia River north of Wenatchee, the Okanogan River,
and the Snake Rivefributaries and small streams also have low resistance to movement for
beaver in the Columbia Plateau blése featurearemore difficult to discernFor example, e

area neafurnbull Nation& Wildlife refuge has manysmall patches of low resistance habitat
across the landscap@ similar, but less pronouncegattern of low resistance habitat is seen
below Rock Lake in Whitman County amd the nothern portion of the Methow Valley in
Okanogan CountyThe Backbone (see Fig. 3.16 Chapter 3), the eastern portion @blilvabia
Plateaufrom Spokane southwest to Walla Walend much of the buffesreaare of réatively

high resistance to movememats of theColumbia Plateau from Ephrata to Pasco, the area from
Yakima to Prosser, and the area near Ellensburg are of relatively low resistance to movement
primarily because of irrigatioassociated with agriculture
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Figure A.10.1.Resistance map for beer in the Columbia Plateau Ecoregion.
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Habitat Modeling and Habitat Concentration Areas

The habitat model we developed for beaver lead to the identificatié® bébitat concentration

areas (HCAs) across the Columbia Plateau Ecoregion and WEfterA.10.2 Fig. A.10.3.

Average HCA sizeis 134 knf (range 251394 knf) the median sizds 48 km?. Habitat
concentration areas for beaver are long, narrow areas following rivers and larger landscape areas
where aquatic halats are expected tq
be abundant.Our model did not [
identify HCAs in many areas of ¢L9——f§
Columbia Plateaguch asnost of the
Okanoganand Methow valleys as [EERES +d ‘
well as extensive areas itincoln, MUST T~ i i
Adams, Whitman, Asotin, Garfield Ssss * : :
and Columbia counties. Additionall
we identified very few HCA# areas
south of the Columbia Rivels
bordering Washington and Oreg@s
well as inthe eastern portion of thq
ecoregion that extends into Idahgs
The HCAs we identified in Orego ',
and Idaho were primarily located i t
thestudy areduffer.

X o VR

[
}

The GAP distributiorfor Washington
identifies most of the buffer area ¢
beaver habita{Cassidy et al. 1997)
Our identification of HCAs modeled
relatively little habitat in the buffer
except in areasnorth and eastof
Spokane andorth of Goldendale

Figure A.10.2.Beaver HCAs (light green) and GAP
distribution (dark green) in the Columbia Plateau
Ecoregion.

Because of low gradient and the presence of water, the model ideséfiethllarge HCAs in
irrigated agriculture ithe western portion of the Columbia ®lauwhere water is distributed by
canals and ditches’rior to development of irrigain practicesand associated infrastructure,
many of these areas containmmmplex stream habitaihat supported beavefhe areaouth of
Union Gap to thevicinity of Toppenish is a good exampdd this alteration of habitatFigure
A.10.2) While wnlined irrigation canals, straightened stream segments$ drains are inferior
habitat when compared to a natural meandering stréry,can still support beavdiowever,
the potential for conflict with people is high these areasndremoval of nuisance beaviely
alters the social and demographic structuroél populatiors.

Habitat valueof many areaadjacent tdhe large riversn the Columbia Plateais relativelylow
(Fig. A.10.3) Beavers are mainly associated with firtst fourth-order streamgNaiman et al.
1988) where stream morphology i®ften complex e.g., multtbranched channels and nodes
where small streams jaiMany higher order rivergn the Columbia Plateau would facilitate
movement of beavers to different draingdeg may not be areasf ideal habitat for occupancy.
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Figure A.10.3.Habitat map for beaver in the Columbia Plateau Ecoregion.
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Cost-Weighted Distance Modeling

The costweighteddistance map for beaver demonstrates that water courses are good pathways
for beaver movemerand ncreased distance from water increases movemen{kigstA.104;

Fig. A.10.5. The greatest impediments to movement by beaver appear to be naturakfeature
such as topography and distance from watgher than mamade featuresuch as roads-or
instance, steep terrain, cliff, and dune areas accumulatgveagited distance rapidlylthough

some HCAs are relatively close in terms of Euclidean distdr@eare often separated by land
cover features of high resistance. This is in part a reflection of the topography associatied with
headwater®f a drainage systenDutside of feeding activity, beaver appear reluctant to travel
overland between differédrainages. Thewysteadiravel by water course to where the drainages
meet.

River systems in the Columbia Plateau tenddw around the ecoregiosuch thatroad ast

west movemestby beaverare hindered by large area of high resistanhabitain the central
part of the ecoregioMany HCAswe identifiedare peripherally locateith the ecoregiorr are

in the bufferandappear to be extensions of potentially occupied habitats outside the ecoregion.
For example the HCAs near the Turnbull Natiovaldlife Refuge HCAs 21, 33, and 34) have
good potential for movement to HCAs located in the buffer area immediately to thebnorth
movement to other HCAs in th@olumbia Plateaus limited to following the Columbia River
westalong the northern boundaof the ecoregion. The cluster of HCAs north of Grand Coulee
(HCAs 4, 5, 6, and 7)s somewhatisolated and surrounded by arezshigh resistance. The
HCAs in the northernpart of theOkanogan ValleyHHCAs 1 and 3 appear isolated from other
HCAs in theecoregiorby high resistangasis HCA 3 in the Methow ValleyAlong the western
boundary of the ecoregion and buffer theations ofidentified HCAs suggest that movement of
beaver into and out of theolumbia Platea may follow particulardrainagesncluding the area
near Lake Chelan (HCA 14), the area west of Ellensburg (H&&am840), and the area north

of Goldendale (HCAs 5and59). There appears to be little potential for movement of beaver
betweerHCAs in Washington and Oregon

The novement ptential between HCAs is often constrairiggd areas of high resistance.g.,

HCAs 29 to 38, 62 to 52, 51 to 52, 53 to 56, and 30 toT&6. higher elevation shrubsteppe
habitat east of Ellensburg and Yakima creates a band of high resistance betweenlH®@As 4

51 and those identified near Moses Lake and Othello. Potential for movement from the HCA
cluster near Moses Lake and Othello to neighboring H@Asand 51is restricted by high
resistance between Prosser and Richl&nailarly, movement is constraga between HCAs 61

and 62 near Wil Walla and HCA 52 near Pasco.
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Figure A.104. Costweighted distance map for beaver in the Columbia Plateau Ecoregion.
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