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ABSTRACT

BEAVER BANK LODGE USE, DISTRIBUTION AND INFLUENCE ON SALMONID
REARING HABITAT IN THE SMITH RIVER, CALIFORNIA
Marisa M. Parish

Anthropogenic actities in the coastal plain of the Smith River have reduced the
quality and quantity of productive salmonid rearing habitat. Consequesgtgration is
needed to aid in the recovery of theeatened®mith RiverCohosalmon Oncorhynchus
kisutch population. The ecological engineering activities of the North American beaver
(Castor canadensjshave been shown to provide beneficial salmonid habitavever,
data showing beaver importance in coastal rindrere they are unable to create dams is
lacking. A substantial beaver population resides in and utilizes bank lodges in the
mainstem and coastal tributaries of the Smith River basin in Northern California. This
distribution overlapsimostentirelywith the currenCohosalmon distribution in the
Smith River.I conducted surveys during the summer 2014 and winter-281ith two
objectives: (1Yo assess the influence of hydrawontrol structures and bank height on
beaver bank lodge site selection, andi¢2valuate multseason occupancy paratars
of juvenileCohosalmon at nomatal rearing habitats with and without beaver activity.
Presence of a hydraul@ontrol feature and increased bank heigbtefound tohavea
significant positive influence on beaver bank lodge site seledtiolumeof fish cover
created by beavergas found to hava positive influence oruyenileCohosalmon

occupancyduring summer rearing/olume of cover created by beasavas a better



predictor of Cob salmon occupancy than other habitat variabéesmonly usedn

restoraion, such as large woody dehriBhese dataugigesthat beaver enhangavenile
Cohosalmon nomatalrearing habitat in a large river systeenenwhere beaverare

unable to create channel spanning dams. Management and restoration deasilohs sh
consider beaver distribution and abundance in large river systems to better assess where
and howbeaves can be utilized to provide and enhance rearing habitat for juvenile
salmonids in coastal rivers and streams, as well as how to improve habiigidd a

robust beaver population.
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INTRODUCTION

North American bavergCastor canadensjsare ecological engineers because
their activity modifies the resources available to other species (Jones et al. 1994).
Research has shoveaverdamsprovide manyecosystem servicds raisingthe level
of ground waterincreasingiparian habitgtinstream habitat, and retention of organic
matter(Johnston and Naiman 198¥aiman et al. 1988as well asmprovingwater
quality (Balodis 1994)Dams elevaterganicmatter and sotletention resulting in
increaseaitrogen fixation and microbial activity (Collen and Gibson 2001). Increased
salmonid growth and productivity have been shown in streams with beaver dams when
compared to streams witha{Bustard and Narver975. Furthermorebeaver activity
has been shown to incredsiediversity of all taxa at the landscape scélellen and
Gibson 2001Wright and Jones 200R1uller-Schwarze, and Sun. 200Restoration
mimicking and encouraging beaver damming has st that beaver dams can
successfully restore incised streams in central Oregon through channel aggradation,
raising the water table and increasing riparian vegetation (Pollock et al. 2007).

These past findings and restoration efforts have been pyniaciised on small
(2" 4™ order) streams or lakes and have noestigated the impacts of beadeson
damming activitiessuch as creation and use of bank lodges on Ergstaimainstem
rivers.Data ardacking in coastal streams along coastal California wheaedrs utilize
streams with frequentudttuations in flow (Tappe 194X ocom et al. 1956 including in

the mainstem and tributaries downstream of the Forks of the Smith River in Northern
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California, where asubstatial beaver population resideEhese beavergenerallydo not
construcdams butatherbuild lodgesalong river banksvhere watehas sufficient
depths tqrovide safe movement into and out of their lodyethe Smith Riverbeaver
distributionalmostentirelyoverlaps withcurrentCohosalmon(Oncorhynchus kisutgh
distribution(Garwood and Larson 2014, Parish and Garwood 201his, beavers may
provide ecosystem services for this endangered species.

The Cohosalmon population in the Smith River has low abundance and
productivity, which puts them at risk of extinction (Garwood and Larson 2014). This
species is listed as threatened under both federal (ESA) and state (CESA) endangered
species acts (Federal Ragis1997, CDFG 2002). The survival and viability of this
population is limited due to the lack of floodplain connectivity and complex instream and
off-channel habitat in the Smith River. These vital rearing habitats have proved to be
productive forCohosalmon as well as other salmahspeciesin fry, juvenile and smolt
stages (Wissmar and Simenstad 1998, Wallace and Allen 260R$R014).
Improvement of channalomplexity, floodplain connectivity and overall health of the
riparian forest are needediterease juvenil€ohosalmon survivalproductivity and
recovery of the populatiofNMFS 2014)

Beavers likely have a significant role in creating and maintaining salmonid
rearing habitat in the Smith River coastal plain and may present restoratioruojest
to improve salmonid habitatherebyaiding in recovery of th&€€ohosalmon population
and viability of all salmonid species within the badio fill the data gaps on beaver

habitatuse and influence in a large river systeconducted thisesearh with two



objectivesThe first objective wato describéeaver distributionsuitablehabitat,and

lodge site selectioim the mainstem Smith Rivand its tributarie¢Chapter 1)The

second objectivevas to document and analygerenile salmord useof beaver

influenced vs. notbeaverinfluenced offchannel and backwater habitats for summer and
winter rearing(Chapter 2) Together these two objectivegreused toevaluatethe

influence beaverkBave on juvenile salmonid neratal rearing habitat in@ainstem

coastal river and the potential of using beavers as a restoration sowoilar systems.



CHAPTER 11 BEAVER BANK LODGE SITE SELECTION

Introduction

Within their territory, leavers use engineering skiidsbuild lodges and
sometimes dams anddd caches. There are two main types of lodges, hut lodges and
bank lodges. Hut lodges are built out of wood and mudchaeslirrounded by water in a
stream, lake or pondBank lodges, also known as bank burrows, are buitiurrowing
into the bankand sicks may or may not be added on top to create a nest chamber (Bradt
1938).A singlebeavercolony shares territory thatmay contain multiple active and
inactive lodges (Bradt 1938, Baker and Hill 20@3amsbuilt with wood, mud and rock
impoundwater ty entirely or partially spamng a riverto maintain deep watewhichis
required to providsafe movemertb andfrom lodgesas well asaccess to and
transportatiorof food sources (Bradt 19381uller-Schwarze and Sun 200%oo0d
caches arbarvesedfood items (&., willow) securedunder watefor winter food
supply howeverthese are uncommon in riverine and-icee inhabited areas (Robel and
Fox 1993, Baker and Hi2003) B e angieeermng@actidtiescreate favorabléabitat
by providingpredator protection andfaod supplyfor the colonyto survive throughout
theyear Baker and Hill 2008

A colony is a single territorial family grougvhich typically consists of a
monogamousdult breeding pair, yearlings subadults (1224 monthsold), and yaing

of the year or kits{ 12 months olg(Bradt 1938, Baker and Hill 2003). On average a
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single colony has approximately 5 individydiswever as may as 15 individuals in a
colony have been reported (Bradt 1938, Yocom et al. 1956, Madlevarze and Sun
2003). Yearlings disperse in the spring or summeaearch of a mate and a new territory
typically before a new litter is born (Van Deelen and Pletscher 1996, Midlewvarze
and Sun 2003Dispessal distance camary widely, ranging from (2 to 816 km along
the strean{Beer 1955Van Deelen and Pletscher 1996, Mi#gshwarze and Sun 2003).
Due to diversénabitat conditions hiehome range of a colony living alogriver or
stream has been reported to range fronkth§Semyonoff 195)to 2.4 km (Robel and
Fox 1993) with a density of 0.081.40 colonies/km (Robel and Fox 199Bhe territory
sizeand actively used area vasgasonallylue toparental care, weathend stream flow
conditions (Baker and HiR0O03) and argypically largerduring the summer than the
winter monthsAn unused neutral area of streaammonlyoccus between territories
(Bradt 1938, Semyonoff 1951, Robel and Fox 1993).

Beaver$ability to modify the landscape allows them to utilize a wide range of
habitats. WHe beaves prefer wider streams (>8) they are able to llize narrower
creeks as well (2 m) (Beier and Barrett 198 M cCombet al.1990) Their distribution
is further increased because tlaeg generalist herbivores and exploita wide variety
of vegetation types (MilleBchwarze and Sun 2003heir preferred food sources
includeaspensandcottonwoodgPopulussp) andwillows (Salixsp). These fast
growing plantdhavesoft woodandareeasyfor beavergo chop and peel away bark.
Beavers camlso survive on hardwoods including maplasdrsp.), aldersAlnussp.),

beech Fagussp.), ashKraxinussp.) andwhile they are least preferrguines Pinussp.)



6
and spruceRiceasp.) (MullerSchwarze and Sun 2003). During the spring and summer
beawers consume newoody vegetation including pond lilieslynphaeaceaep.), ferns
(Leptosporangiasp.) grasse¢Poeceaesp.)and sedgesdyperaceasp) (Svendsen
1980,Miller-Schwarze and Sun 20031ovementacross land iawkwardfor beavers
and exposethem to predatiorsofood sources are required within close proximity to
water (vithin 30 m). However beaversiave been documenté@dvelng long distances
(>200m) across land to reach desirable food sourekglér-Schwarze and Sun 2003

Habitat suitability models have been used to predict beaver colony density and
territory selection on small streamberebeaverdams can be constructéslough and
Sadleir 1977, Allen 1983, Howard and Larson 198H8)ese models suggdstavers
preferseaonably stable water levelnd that large rivers and lakes where water depth
cannot be controlled are partially or wholly unsuitable for besafAslten 1983).

Howevert hese findings dondt encompaleaeral |
habitatsare not restricted to montane riparian, valley foothill ripargaa fresh emergent
wetlands Beaverslsoutilize and thrive irriverine and lacustrine habitats (Zeiner et al.
1990).Furthermore, higher beaver lodge densities were found in the tidalelbanf the
Skagit Deltan Washingtorthan have been recorded in riohal streams (Hood 2012).
Througtoutthe coastal plain of the Smith River basirNorthern Californiaa significant
beaver population currently residgzarish and Garwood 201 %)herestreamflow and
depth fluctuat greatlythroughout the yean responséo rainfall. Understanding the

features beaveselectwhenchoosingodge locationsn areas where dams are not

pos
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constructed, such as in the Smith Riweyldhelp toinform restoration and management
decisions

On the Big Sioux River in South Dakota, Dieter and McCabe (1988jfthe
slope of the river banklensity of overhanging vegetaticend water depth th from the
bankto besignificant variablesnfluencingbeaverlodge site selectiodditionally,
Fustec et al. (2003) also foumtreasedanopy coveandthe lack of a sadbank to be
good predictors of lodgleabitat selectiorlypically a lodge has multiple entrances, and
to ensure safe movement into and @uthe lodge, at least one entrance must remain
under watefMduller-Schwarze and Sun 200Because large streams and rivers
experience extreme flow fluctuations, an inconspicuous lodge on a steep baoKenay
space to construct chambers above watele also providingdeep wateffor the
maintenance of a constant underwater entrance (Dieter and ®1d©G8B, Fustec et al.
2003).Beaverswill also burrow into the root systems of lartyees which addstability
and prevent the lodge chambers from collag$kustec et al. 2003pmith River beaver
lodges identified during snorkel surveys conducted by California Department of Fish and
Wildlife (CDFW) are commonlhassociated with hydrauliccontrol featuredefined as
slow waterarea or an eddgreatedby obstructing points of lande.g.,bedrock or a
vegetatedank thatdeflecs the currenor stabilizes the river bar{bers obs.) As a
result the reduced &locity areacauses deposition of finesubstrate and provids
protection from fast currentspecially during high winter flowsA hydrauliccontrol

featuremay be fundamental to the persistence of a bank lodge through high flow events.



| tested the hypothesis théie presence ahydrauliccontrol structurend an
increased bank heightfluencebeaverbank lodge site selection. | predicted that a
hydrauliccontrol structurevould be preserdndtheriver bankwould be talle@at active
bank lodges than at paired random sitédditionally, | documentedurrent beaver
distribution andodgeabundancéhroughout the&smith Riverdownstream from the
confluence of the South Fork and Middle FEdrkproved understanding ablony
densityand bank lodge requirements can help to protect and mérdagEavers in a

large river system.

Methods

Study Area

The Smith Rivers the largestoastaundammed river andorthern mosinajor
coastal watershed in Califoenmeeting the Pacific Oceaix km south of the Oregon
border This study focusedrothe Smith River coastal plain throughout the mainstem,
estuary and coastal tributaries downstream of the confluence of the Middle Fork and
South Forkhereafter Smith River(Figurel). On averagehte basin receives an
impressive 234.cm of rainfall annuallywith 84% of annual average rainfall received
from October to March during large winter storm evé@asquet Ranger Statiop6DEC
2015). The spesely vegetated and shallow rocky soils throughout most of the interior
basin hold little precipitation and stream flows directly respond to rain events producing
highly variable flows. Average annual peak flow from 1932@&@4was82,266cubic

feet per econd (c$) (USGS 2016 Minimum stream flow is reached Septembemwith
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a mean monthly flovef 334cfs (USGS 2016 As a resultbiotic life dependent on the
aquatic environment of the Smith River basin, including beavers and salmonids, must be
capable of adapting or migrating suitable habitabased omwvariation instream flow
throughout the year.

The depth, substrate, widténd channel complexity of the mainst&mith River
vary amongthree distinct sectionsll of which have #éow gradient (4.2 99. The
estuary, beginning atémarrowmouth remairs open yearound with a thin strip of
shifting sand dunes on the south barike channel is deep %) and wide $300 n)
with a large floodplain dominated by sedges and rughesaceaep) with willows
found on the marginsVizuno 199§. Due to thepresence obedrock and poorly
vegetatedand banks much of tlestuary does not provide suitable burrowing habitats
for beaversContinuing upstrearthe river turns east as a single deep (>5 m) channel
with a sandy bottorwhere @tire trees,shore pineRinus contorta and Sitka spruce
(Picea sitchensjscommonly fall into the channerovidingcomplex instream habitat.
Three majosloughs connect to the Smith River estudiilas, Islas, and Yontocket
(Figurel). Both Tillas and Yontocketloughsare comprised primarily of silt and have
deep (>2m) pools while IslasSloughis shallow throughoutind condins gravel and
cobble as welbs silt. All three sloughs have been impacted by anthropogenic activities
resulting in asimplified stream channel and loss of riparian vegetation

Upstream fron the mouth of Yontocke$lough,the substrate changes from sand
and pebble to predominantlyldae with smaller substrates along the margiie

majority of the floodplain throughout this section is terraB&db mabove the channel
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with deep scour pool#\ leveealongthe north bankrevents lateral channel movement
and floodplain connectivityMuch of the riparian vegetation is composed of willogd
alder(Alnus rubrg, andblack cottonwoodPopulus trichocarppadjacent to cattle
pastures lining both north and south badkso major tributaries enter the Smith River
in this sectionRowdy Creek and Morrison CreelE{gurel). Rowdy Creek has a levee
on itsnorthwestern bank and the banks have been hardened with rip rap in various
locations resulting in a simplified and higinergy channel (James 2015\rther
upstreamRowdy Creekmeandes throughoutts floodplain but has been impacted by
historic timber practies. Coast redwod&equoia sempervirepswillow, red alder and
bigleaf maple Acer macrophylluthdominate the riparian vegetatidvorrison Creeks
predominantly surrounded by agriculture laaadenters the mainstethrough a
backwater channel extendir600 m(Figurel).

Upstream fronHighway 101 the river leaves the coastal plain dhd valley
width begins to narroywith the active chanheneanderinghrough alluvial point bars
and bedrockCobble and gravel dominate the substrate throughout much of the ghannel
with areas of bedrock forming deep pools that collect Suéstrats. Multiple tributaries
and small seepare located within tisi sectioras well as multiplside channels and
backwater feature@-igurel). Willow, redalder, andlackcottonwood sprouts grang
in the active bannel and gravel bars stabdigubstrate and provide riparian habitat.
Many riparian areas below residengabpertiehave been altered to increase views and

access to the river.



12

Mill Creek,the largestributaryin this study has two main forks, the East Fork
(EF) and theaNVest Branci{WB). These streamsistorically managed for timber
production,are now protectedlong with the mainstem Mill Creekithin Jedediah Smith
Redwood State ParkKigurel, AppendixA). Old growthcoastredwooddominate the
canopy of the mainstemith smalle populations of bipaf maple, western hemlock
(Tsuga heterophylla douglas fir Pseudotsuga menzigsiian oak Notholithocarpus
densiflorug and California bay laurelUmbellularia californicg. TheEF andWB have
younger forestswith timber harvested throughontost of the basins at least once. Red
alderand willoware more common in these tributaries than in the mainstiérCreek.
Field Methods

Studiesof burrowing animals are typically conducted by identifying signs of fresh
tracks scat and cleared vegetation at the entrance of the burrow. Mikillzed these
techniquesevidence of beaver activity can be cryptiei@ & Barrett 1987)From 21
Mayi 4 June2014,kayak, bank, and snorkel surveysre usedo identify potential
lodge locationswWhen apossibledodgewasidentified,defined as a location containing an
underwater tunneg willow fence (described below) and game cameras placed at
theunderwater entranseThe following day these same sites were visited to determine if
the lodge was currently used by a beaver colony (active) or not.

Beaver are most active at night or near dawn and, ¢eesking their lodges prior
to sundown to fage and returing closeto sunrise (MillefSchwarze and Sun 2003)
the afternoon, while beavergerelikely in their lodgs, | placeda fence made of willow

stemsacrossll underwater entransat a number of identified lo@g thatcouldbe
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visited in a singlelay. Each fenceras composed of approximately 82 willow stems,
no greater than 2 cm diameter. Stenesenstuck into the substrate 11@5 cm apart
spaming the width of the underwater entrance. The following morning entrances were
surveyed to determine if the fersagereremoved during the nighsubstantiating@ctivity
within the lodgeAt least onainderwater game camera was paired withlargest
entrance antenceat each potential lodg€ameraise was intendet distinguish
beaver use of thgotential lodge 'mm otheraquatic mamma) such as river ottet.fntra
canadensisor muskrat Qndatra zibethicus Game cameras ditbtserve as the primary
detection method because thiaterproof caseeducel sensitivity of the motion sensor.
This protocol was followed at each lodge locatiormoughout thenainstemSmith River

After active lodge sitewereidentified,a paired control site was randomly

selectedhrough five stepsl) Using Microsoft Excell randomly generatealpercentage
ranging from30 - 80 for each identified lodge. Percentage range was selecigévent
overlap oftherandom site with theodgeor the edge of the change in channel
characteristic¢see step 3R) | then randomly selected upstream or downstream of each
lodge site3) UsingArcMap 10.1(ESRI, Retands CA), | identified stream segments
with similar channetharacteristicbased othe same valley width, stream gradient, and
mean annual discharge each identified lodgeising anintrinsic potentiallP) shapefile
createdor the National Oceanic Atmospheric Administrat{@grawalet al.2005. The
distance along the rivérankfrom the lodge to the end of tipairedstream segmein
the randomlyselected upstream or downstream direction was then measured using

NationalAgriculturelmagingProgram(NAIP) 2012satellite imageryollected by
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United State Department of Agricultuaed the measuring tool in Aviap 10.14) | then
multiplied themeasuredength by the random percentagedetermine the distance from
the lodge to the paired control sifg.Lastly, a waypoint of the locatiomasidentified by
measuring along thieankthe determinedistance away from the lodgsing 202 NAIP
imagey. | navigated to thisvaypointin the fieldwith a Garmin 60 CSX Global
Positioning System (GP%) establish the center of the paired control @ideg the
wat er 0T® mieidizeor the strong effect aivaterdept in modeling, control sites
wererequired to hava minimum depth of 0.Bhat a distanceof@ f r om t he wat el
edge.lf the control site did not me#tis requirement the site was moved to the opposite
bank of the river, perpendicular to flow.

During Julyi August 2014bankcharacteristicef each active summer lodge and
its pairedcontrol siteweremeasurean the same day to remove effectdlifferences in
habitat conditionslue to seasonal variatioMeasurements wepsllectedbased on an
established site center. Theestienter foa lodgewas thecenter of the underwater lodge
entrance or theniddle entrance when multiplenderwater entrancegere present. The
control sitecenter wasleterminedyy thegenerated waypoint in ArcMap locatedtire
field. Habitat measuremets were collected using4 m stadia rod, a 50 m measuring
tape, asphericaldensiometer, and@dinometer(Tablel). All beavedodge surveys were
conducted undddumboldt State University (HSUpstitutional Animal Care and Use

Committee (IACUC) No. 13/14.W.10A approveddn 15 April 2014
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Tablel. Habitat covariates collected at all lodge and paiaadomsites during summer 201,
the mainstem Smith RiveDel Norte Couryt, California.

Parameter Units Description Lodge
Only
An obstructing points of land, (e.g., bedrock or a
Hydraulic Presence/Absenc vegetated bank) that deflects the current or No
Control and Type stabilizes the river bank and creates a slow wate
area or an eddy.
Bank Meters At site center from the water surface to the top o No
Height the river terrac@earest to the watér edge.
Average Using asphericaldensiometer 3n from the watéis
Cano 9 Percent edge at the site cent@me reading perpendicular t No
Covefy the bank and two parallel, one upstream and one
downstreamyere measured and thameraged.
Water Meters Measured m fromthewatei®s edge at the site No
Depth center.
With a clinometer the slope of the bank above ar
Average Dearees below the water was measured. These two No
Bank Slope 9 measurements were then used to calculate the
average ofheentire bank.
Substrate Dominant substrate type within the sitas
Tvpe Categorical categorizedassilt/sand, gravelgobble boulder or No
yp bedrock.
Average bank lengtivith edges identified by a lac
Bank Meters of beaver sign such as trimmings or entrances ol No
Length a change in bank direction, substrate type, bank
slope, and/or vegetation composition.
Underwater While snorkelingthe river bank was surveyed to
Entrances Count identify and coungll entrances into the lodge Yes
located underwater.
Above While kayaking the bank was surveyed to identify
Water Count and coungll entrances into the lodge located abc Yes

Entrances

the water.
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A further assessment of beaver distributonl activitywas conducted throughout
Mill Creek and Rowdy Creek fromi 13 August2014. New observations of beaver
activity were alsmotedwhile conducting fish monitoring surveys duridignei August
2014 andlanuaryi March2015. All identified beaver activity was documented vaith
GPS unitand classified as the specific use type: lodge, de@ding activity tracks scat,
food cacheand individual

Statistical Methods

Linear distibution and density of laveis were calculatedsingshapefiles drawn
alongthe deepegtoint, the thalwegof the stream channel in ArcMap. Typically the
presence of a food cache identifies active beaver colonies; however food caches were rare
in the riverine environment of tti&mith River, similar tather riverine beaver surveys
(Robel and Fox 1993). Insteall observed beaver sign was evaluatedstimate
boundaries of individual colonieBreaks in beavedctivity were used to identify
separate coloniesmilar to Robel anéox (1993).In thelower mainstemdensity of
lodges was high and containkethg segments of continuous beaver siyimen no clear
break was presersa minimum distance of 500 m between active lodge sites was used to
delineate separate colonjésised orfindings of Semyonoff (1951) anBobel and Fox
(1993.

To meet their required habitat neghlsavers are likely to build dams in the upper
extent of their potential habitat due to low summer flows and shallow water depths. |
calculatel suitablehabitat(stream kmpased orptimum valley width and gradient

identified inhabitat suitabilityjndexesfor beavergAll en 1983,Suzuki and
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McComb1998)Using theSmith RiverlP shapefile(Agrawal et al. 200§ | identified
stream segments withraeanstream gadientG8%a nd v a | |46 m.Coamipasitoh O
of banksubstratepresence of willowand dry channel segments observed in the field
wereused tdurther refinethe upstreamand downstrearaxtent of suitable habitaluring
both the summer and wintéinter suitablehabitatrepresents the maximusuitable
habitatwhile thesummer habitat waseduced due to dry stream segmeWihile this
study was conducted in thieird year of drought, care was taken to include areas where
water would persist throughoutetlsummer on a normal water year. Delineations were
designed to be inclusavto prevent underestimation of suitabébitat.

Mostlodge variablesvere nornormal;l thereforeemployeda nonparametric
statistical test, the Wilcoxon paired signed rank testytduate each variab@sfluence
on bank lodge site selectipasing Program RR Core Team 2014yith each habitat
characteristic modeleskeparatelyas the predictor variabl®ultiple habitat variables
influence particular species site selection preferences. Due to the landscape scope of
resource selection studjésothmeasuredi.e., presence ofiydrauliccontro) and
unmeasuree.g, distance to food, slope, aspgemriabkes may influence the results. By
pairing thelodge locatiordatg the dfect of unmeasured variables such as access to food
resaurces and distance to disturban@e accounted fan the analysisThe Wilcoxon
paired signed rank test ensuresattollected from paired case and control sites were
compared only to one ather, noto the entire data sainder the assumption theit the
paired differences are independdtither a single or twaailed test waperformed on

measured habitat variablekinterest based on biologigatedictions of lodge
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requirementsnd findings from past researéhast research has found increased depth,
canopy cover, slop@and decreased substrate (Dieter an€Chtze 1989, Fustec et al.
2003)influence lodge site setgon. Additionally | predictd thatincreased bankdmght
and presence of a hydraulic control positively influence lodge locations as these features
may provide more area to build nesting chambers and protection during elevated flow
eventsAn estimatedather than exact-palue and confidence interval were calculated
for some variables due to differences equaling zero and ties in rank present in some
variables

This dudywasdesigred to usepaired logistic regressiolowever due to a lack
of convergenefor modek with hydrauliccontrolas arexplanatoryariable,a key
variable of interest in this studgpriori models were built usinginomial Generalized
Linear Modelswith a logit link functionin Program R (R Core Team 2014)
Multicollinearity wasassessd prior to model constructiohy visuallyevaluating a
pairwise plot andalculating a fearman correlation tesfith a pairwise correlatiof0.6
as the cut offThe a priori candidate model s®intaining 15 modelwas determined
based on assessitite influencehydrauliccontrol featurefiave on the occurrence of
bank lodgedrom previous researcfDieter and McCabe 1989, Fustec et al. J0B3ach
of the six variables was individually modeled, then added to hydraulic control to evaluate
if accountng for the presence of hydraulic control improved on each individual variable.
Four additional models were built to evaluate the influence of hydraulic control on the
additive effect bfindings from prior researciModels wereanked using\kaike

informaion criterioncorrecedfor small sample sizAICc) andAICc weights were used
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to evaluate relative importance of the top md@&eirnham and Anderson 200Before
proceeding with inference a drop in deviance testeaswhdition index cut off 0$30
wereconducted to ensure multicollineariyas not present between the explanatory

variables in the top model

Results

| surveyedd8.5 km of stream to assess beaver distribution and lodge locations
throughout the Smith River. Beavattivity wasdistributedacross 59.8&m during the
summer and1 activelodgesweredistributed acros49.8km (Figure?2). During winter
fish sampling surveyshreeadditionallodgeswere identified thabhad not been present
during summesurveys. These new observatiomsreasedlistribution to71.1km,
representing 77% of thetotal estimateduitablestream(Table2). In some cases lodges
were in close proximity (<50), which commonly signifies utilization of multiple
lodges by a single colony (Bradt 1938, Baker and Hill 2003). While | didpestifically
monitor activity of individual coloniesbased ormbserved beaver sigmdlodge spacing
my conservatie estimate is there aa¢ least31 beavercolonies in the Smith River
(Table2). Robel and Fox (1993) founalony densityto behigher in the mainstem
streams compared to smaltreams in riverine habitats of KansBased orobserved
summer distribution of beavertaaty, this trend was natonsistent wittthe observed
Smith River populationHowever the densities found are within the range of those
reported in past literaturd@ &ble3). Based on observed distributiaolony density in the

mainstem (0.&m) wasequal to theMil| Creek density (0/&m) but lowerthanthe
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Table2. Summary of observed distribution of beaver activity, meassugdble habitat, and lodge and colony quantities
across all surveyed sub basins of the Smith River mainstem and coastal tributaries, Del Norte County, California.

Tryon Creek/

Tillas Islas Yontocket Rowdy Morrison Unnamel Mill
Slough  Slough Slough Creek Creek  Tributary Creek Mainstem  Total
SUMMER
Stream surveyed (km 8.8 1.6 12.8 8.8 1.8 0.9 24.7 29.1 88.5
Suitable habitat (km, 2.3 0.0 9.0 14.6 1.3 0.0 24.7 26.4 78.3
Beaver distribution (km)  0.C° 0.0 29 7.4 1.3 0.0 23.0 25.3 59.9
Lodgedistribution (km) 0.0 0.0 2.4 5.1 0.4 0.0 21.0 20.9 49.8
Lodges 0 0 5 7 0 0 11 18 41
Lodges/ km 0.0 0.0 1.7 1.0 0.0 0.0 0.5 0.7 0.8
Colonies 0 0 4 5 1° 0 8 13 31
Colonies/ km 0.0 0.0 1.4 0.7 0.8 0.0 0.5 0.5 0.5
WINTER
Suitable habitat (km, 3.4 0.6 12.8 14.8 3.3 1.9 26.2 28.4 91.4
Beaver distribution (km) 1.7 Oa 8.8 7.4 1.8 0.9 24.7 25.8 71.1

#minimum observed distribution due to lack of property access
®based orRonRawson pers. comm.
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Table3. Summary of colony densities reported in past literature and those found in the Smith
River during the summer of 2014.

Colonies/km Location Source
~1.7C Mad River, CA Yocom (1956)

1.09 New Brunswick Nodstrom (1972)

0.40 Birch Creek & Chena RiveAK Boyce (1974)

0.38 Newfoundland Bergerud and Miller (1977)
0.55-0.70 Massachusetts Hodgdon (1978)
0.58-0.80 Sagehen Creek, CA Busher (1987)
0.08-1.40 Kansas Robel and Fox (1993)
0.50-1.40 Smith River, CA Parish (201§ (this study)

@ Estimated based on number of colonies and area surugyeded in literature

densityin Rowdy Creel0.7/km), Tryon Creek(1.4km), and Morrison Creek (0/Bm)
with anaverage colopdensity of 0.&m throughout the basifTable2). Portiors of
Morrison Creek go dry during the summer and no lodges were located within the stream
channel. Howeverecert beaver observations in a pond locateghowate property
adjacent to Morrison Creek (Ron Rawspars. conm.) represerd colony that is
believed to utilize Morrison Creaduringthe winter and spring based on beaver sign
(trimmings and darbuilding) in the channel

Twelvedams were identifieduringthe study inMill Creek, Morrison Creek,
Tryon Creekand an Unnamed Tributarffiure2). Seasonal @ans in WB Mill Creek
were built during théow flow seasorandincreasedvater depth near lodgésit were
destroyed during winter high flow eveniavo successive dams were constructed in the

winter and spring elevating the watevel of an old garry pond near the confluence of
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EF and WB Mill Crek butthepond drainediuring the summer month®nly one dam
occurredyearround and hamaintained a ponsince 200 (Justin Garwoogdpers.
comm.) located on Hamilton Creek, a tributary to the WB Mill Cre€iggre?2). This
dam creates the only yeayund beaver pond located within the Smith RiVére dam in
Morrison Creek was small (<0.25 m) andsobserved during both the summer and
winter survey$ut was not associated with a lodge. While the two dams on Tryon Creek
were preseninithe summerfresh signs of activity werenly present during winter
surveysNo lodges were identified in this section of Tryon Crdéewever low
visibility and dens&egetation hindered detetility and acolony likdy utilized this
stream section during the winter high flow monthhile no current beaver activity was
observed in Tillas Slough or its tributaries (Delilah Creek and Ritmar Creek) during the
summer, af sign of cutting and burrows were observed. | was unable to survey this area
during the winter. It is possible that [Bi$ Slough ands tributarieswvereutilized during
the winter months.

Throughout the mainsteri8 active lodges were identified during the summer
across 20.9 kmT{able2). Poor water clarity and highly complex dense bank vegetation
prevented aagate measurements of one lodge located in an alcove and was excluded
from all analyses. A second lodge was excluded because it was abandoned between June
and July resulting isediment deposition artecreased water depthereby not
representin@n actve lodge Habitat measurenents(Table ) were collected ate
remainingl6 active summelodgesin the mainstento assestheinfluence ofhabitat

variableson lodge site selecticendto evaluatdodge characteristics
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Lodges varied greatly with thdilized bank length ranging from 5.182.4 m,
bank height from 1.5 2.4 m, average bank slope from 31L.8 0 . Bdewater @epth
ranging from 24 268 cm.Substrate of lodges was dominantly composeithef
sediment such aslt and sangand some lodgeutilized silt deposited in and around
bouldersor rip rap Compositionof entrances varied withn average of 1.9 above water
entrances per lodgthreelodges havingionevisible, anda maximumof ten entrances
observedt a single lodgeThere was araverage of 2.8 underwater entrances per lodge,
with two lodgeshavingno completely submergezhtrancedy the end of theummey
andthreelodges containingix underwater entrances

Measurements of many habitat parameters overlapped across the ddtaigps of
and random siteg-(gure3). All lodges except onerere constructed neahgdraulic
control featureFeatures included bedrqdkees whose raavads stabilized the ban&nd
vegetated bankhatprotruded into the channel causing a redirection of stream Tlbev.
presence ofiydrauliccontrol structuresvas significantly higher at lodge sites than at
pairedrandom sitegV=28, p = 0.005 Table4) indicatingthat lodge placement near a
hydrauliccontrol feature is not random

Bank height was initially fomd notto be significantlydifferent between lodges
and paiedrandom sitesTable4). Upon further reviewan outlierwas founddue to a
random site occurring at an unusuallly tarrace (>8m), >3 standard deviations above
the mean. The outlier and the matched lodge were removed for a second ahabysis
height.The tesbbn the reducedata set found lodge sites had a positive association with

increased bank heigfitable4). Similar to past researdifoundincreasecdtanopycover
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Figure3. Boxplots comparing barilkngth (A), bank height (B), water depth (C), canopy
cover (D), and bank slope below (E) and above (F) the water surface at beaver
bank lodges and random sites.
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Table4. Results fronpaired Wilcoxon signed rank tesassessing the differences of bank measurements bdbdgen and paired
random sites. An estimateevplue and 95% confidence interval are presented dtifmences between a lodge and plaéred

random site equaled zeooties in rank were present in the dataset.

Wilcoxon Test statistic

95% Confidence

Estimated or

Variable Wilcoxon test p-value V) interval exact pvalue
Lower  Upper & Cl

Hydraulic Single tail- upper  0.005* 28.0 NA NA Estimated
Bank Height Single tail- upper  0.149 89.0 -0.28 Infinity Exact
Bgnk Helg_ht- Single tail- upper  0.054* 89.0 -0.05 Infinity Exact
minus outlier
Canopy Cover Single tail- upper  0.001* 126.0 27.73  Infinity Estimated
Depth Single tail- upper  0.065 98.0 -5.00 Infinity Exact
\?\}"pe Above  gingle tail- upper  0.398 73.5 1400 Infinity  Estimated

ater
Slope Below g 16 tail- upper 0,463 54.5 850 Infinity  Estimated
Water
Average Slope Single tail- upper  0.541 66.5 -9.00 Infinity Estimated
Substrate Singletail - lower  0.0008* 0.0 -Infinity -2.00 Estimated
Bank Length Two tailed 0.130 38.0 -11.45 2.5 Exact

*denotesstatistically significant pralue
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and smaller substrate types (i.e., silt) also significaagbociated witlodge sits. No
other habitat variablassociations with lodge sitesere statistically significant.

Visual assessment of the pairwise plots ditineveal any obvious
multicollinearity between explanatory variables; however, the spearman correlation test
revealed correlation between canopy cover and substrate type (>0.6). The candidate
model set was then determined based on this finding and tesult® modelsTable5).
Models containedix variables of interest, including hydraulic control presence, bank
height and the four variables showm be significant in previous researchbstrate
canopy cover, bank slope and water depth.

Addinghydrauliccontrol individually tobank height aneéach of thedur
variablesknown to influence lodge site selection resulted in a higher ranked model than
modeling the variablesdividually (Table5). Subgrate with the addeeffect of
hydrauliccontrol rankedasthe top model with the lowest AlCcarrying 71% of the
weight (Table5). A drop in deviance test performed thre topmodelwasfound to be
significant(p < 0.001) suggeshg strong evidencéhat the additive effect of substrate
size and presence of a hydraulic control struatieseribeshe variation irthe dataThe
condition indexfor the topmodelwas found to be 28.18uggestinghe explanatory
variables in the top model are not strongly correlated enthaother.The model
estimateghe odds of locationbeing a suitable lodge site increase by a factor of 22.09
(95% CI: 1.52 to 320.16 increasehenahydrauliccontrolis presentafter accounting

for substrate type.
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Table5. Candidate modaedtatistics for generalized linear models comparing bank characteristics of beaver bank lodges and random non
lodge sitesankedbyAk ai keds i nformati on
value to the top modehICc wis the strength of thenodelgiven the candidate s&umw is thecumulative weightk is the
number of parameteestimatedn the model, and Lls the log likelihood

criteri.g@Ak@ithe differéeneedn AfCo r

Models AlICc @Al CAICcw Cumw k LL
Substrate + Hydraulic Control 25.67 0 0.71 0.71 3 -9.41
Substrate + Depth + Average Slope + Hydraulic Control 29.11 3.44 0.13 0.83 5 -8.4
Substrate 29.9 4.23 0.08 0.92 2 -12.74
Canopy Cover + Depth + Average Slope + Hydraulic Contr 32.25  6.58 0.03 0.94 5 -9.97
Canopy Cover + Hydraulic Control 33.06 7.39 0.02 0.96 3 -13.1
Canopy Cover 33.25 7.58 0.02 0.98 2 -14.42
Substrate + Depth + Average Slope 33.82 8.15 0.01 0.99 4 -12.17
Canopy Cover + Depth + Average Slope 34.45 8.78 0.01 1 4 -12.48
Depth + Hydraulic Control 38.83 13.16 0 1 3 -15.99
Hydraulic Control 40.41 14.74 0 1 2 -18
Height + Hydraulic Control 42.18 16.51 0 1 3 -17.66
Average Slope Hydraulic Control 42.82 17.15 0 1 3 -17.98
Depth 47.32 21.65 0 1 2 -21.45
Height 48.74  23.07 0 1 2 -22.16
Average Slope 48.78 23.11 0 1 2 -22.18

smal |

S

~

C
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Discussion

This study foundddge site selection to be influenced by the presence of a
hydrauliccontrol structurebanks composed of firmubstratdi.e., silt) and increased
canopy coverFindings also suggeanh elevated bank increases adsiseitability for a
bank lodgeThe results regarding the influence of substrate type and canopy cover are
consistent with findings from past resea(bheter and McCabe 1989, Fustec et al. 2003
| believe thecomposition of these bank conditionfluence lodge sitselectionfor
various reasons. Aydrauliccontrol protects the bank from the erosive powers of water
particularlyexperienced during high flow evergad may cause deposition of fine
substratesLargesubstrats, such as cobbleseduce & e a vabilitydtsexcavée and
burrow into a bankincreased canopy cover conceals the lodge and beavers as they move
to and from their lodgd.astly, an elevated rivebank provides increased arfea lodge
nestingchambers; this is particularly important at high flow eventsch can flood
lodgesthatlack vertical space for beavers to residdumningtheseelevated flows.

Similar to Dieter and McCabe (1989) | observed above water entrances connected or
adjacent to active lodges. These features are likely utilized duringvimggr flow
events.

Thebeaver populatiowasactive tiroughout the summer and winteonstariy
modifying andmaintaininglodges | oftenobsenedcreation of new lodges and
incompleteburrowsthrouglout the summer in the mainsteim.contrastbeaver activity

decreased in the mainstehlaringwinter and increaed in small tributaries that werdyy
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during the summer months. New dams and lodges were created in these tridutarges
the winterand subsequently abandoned during the sunasilows declined These
findings $1owthatbeavers dynamically utilize suitable habitat based on seasonal
conditions and behaviorally are able to adapt to changing stream conditions.

This study found beaver activity to be prevalent and widely distributed abeoss
Smith River downstream of the confluence of the Middle Fork and South Ratfk.a
high proportion of the suitable habitat utilized by beav@id beaver chews have been
observedutside of the study area incidentally and during CDgalvhonspawner
surveys in the Middle Fork Smith Rivé. McCain, USFS pers. comm.and its
tributary, Siskiyou ForKpers obs.).While these observations show that beaver
exploration etendsfurther upstreandue to the lack of current activity and low
frequencyof these observations do not believe successful colonies currently reside
upstream of the mainsterhe increasg stream gradient, reduced availability of fine
sediment, confided bedrock canyons and highteviflows likely reduce beav&rability
to permanently reside in most of the upper watershed.

In the Smith River, anthropogenic activities have likely reduced the availability of
suitablehabitat and potentially hinder movement in the coastal fraistec et al. (2003)
found the abunahce of favorable lodge sites to decease in areas Wheran activities
increasegdand beavers tend to settle in quieter places with less human a&oste
areas that were identified as suitable were excluded carghoopogenic landscape
alterationsFor examplethe levee, tide gateand agricultural alterations alofglas and

Islasslougts likely hinderbeaver movemerand haveeduced food and lodge
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availability. Other ron-agricultureactivitiesalso likely influence beaver lodge site
selection ad habitat use. ffe abadoned lodgé observedvas located nearraver ac@ss
trail. Thisabandoned sitmay besuitable year round not disturbed byrequent human
presenceAdditionally, many private residences along the river remove riparian
vegetatbn resulting inreduced canopy covewhichmaylimit suitable lodge locations
these areas.

The continuously altered staterofer banks utilized by beav&can result in
habitatmeasurement® widely varydepending on the time of year data eoected.
Furthermorehabitat measurements aloagiver can be correlated ager forces
continually shape bank slope, vegetatamd flow characteristickor example,te
presence of a hydraulic contsdructurelikely results in deposition of finsedimentand
protecs the bank and riparian vegetation. Additionally, dense riparian vegetation can also
protect the bank and vegetation is more likely to become established in fine substrates
compared to areas with large substr@@re is needed whelesigning river studies and
developing models to minimize muttollinearity. An increased sample size and a multi
year data analysis woultdely strengthen conclusions on beaver bank lodge site
selection particularly on the influence of bank height

Thefindings from this study support the neegtotectareas witrhydraulic
control structures including vegetated barik®tecting and increasing the abundance of
large standing trees within the riparizone which act ahydrauliccontrol structures
will stabilizebanks andncreasdocationswherebeaver lodgesan persist in an active

river channelProtectingaccess tohe riparian corridoin smaller tributaries should be
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consideredluring management decisions in ortieprovide suitable habitat for beavers
during elevated flow events, both natural asd resulof dam release&urthermore,
vegetated terraces help to stabilize river banks and prbigtieerraced banks for
beavers to utilize ding elevated river 8w events antielp to stabilizeand maintain

smallsubstrate such as silt
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CHAPTER 2- JUVENILE SALMONID USE OF NON-NATAL REARING HABITAT

CREATED BY BEAVERS

Introduction

Anthropogenianduced habitalbssnegatively affectall salmonid species,
especidly while rearing as juveniles in fresh wat@ohosalmonin particular are heavily
impacteddue to theiwide range ofow gradienthabitat usendextended rearing timie
fresh water.Cohosalmon rear foapproximately 1418 monthscompared to Chinook
salmon Oncorhynchus tshawytschaho rear for approximate§6 months, before they
migrate to the oceathroughout thespringi fall (Moyle 2003. While Steelheadrout
(Oncorhynchus mykiyalso have an extended use of freshwater, rearinty3orears,
they ardikely more robust to habitat changes because they utilize a wider range of
gradients and are iteroparaddoyle 2002).

JuvenileCohosalmonexperiencevariablesurvivalrateswhile rearing in
freshwaterwith estimatesanging from63 © 91%during the summer monttiSpalding
et al. 1995pnd 25to 56% duringwinter monthgQuinn and Peterson 199Bebenack et
al. 2015. Various life history patterns have been observed and describ€dlior
salmon diring the freshwater rearing sta@eme individuals will remaimn their natal
stream to rear. tBersmayrelocate to nomatal streams as swyearlings (age 0+) for
summer rearingor during the fall to low velocity, ofthannel and estuarine habitats to

overwinter as yearlings (age 1+) (Mr and Sadro 2003, Koski 200Bennett et al. 2014,
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Wallace et al. 2015 he ability for individuals to relocate to naratal streams increases
access to rearing space and food resources, ultimategasingsurvival,carrying
capacity and stabilityof the populatiofChapman 1966, Koski 200Bennett et al.
2014.

Throughout the Pacific Northwestabitat use by juvenil€ohosalmon varies by
seasonin the summetthe highest abundancgin pools In contrast, during the winter,
the highest abundae is in low velocity backwaters, ethannel ponds, wetlands, and
beaver ponds (Swales and Levings 1989, Nickelson et al. 1992, Henning et al. 2006,
Wigington et al. 2006, Wallace and Allen 2009allace et al. 20)5Summer habitat
availability is genally limited due to low dissolved oxygen, elevatester temperature,
and reduced channel area due to channel drying. Winter habitat is limited by a lack of
low velocity habitats such agf-channel habitats includingeaver ponds, sloughs
backwaterandtributary habitatsas well as a lack of floodplain connectivigdechie et
al. 1994 Pollock et al. 2004, NMFS 2014).

The Smith RiveCohosalmon population is identified as a core population within
the Southern Oregon/Northern California Coast Evolatigisignificant Unit (SONCC
ESU). Due to low abundanagaroductivity, anddiversity of life history strategies the
population is at high risk of extinction (NMFS 2014) and is listed as threatened under
both the federal and California Endangered Specieg¢Hederal Register 1997, CDFG
2002).Due to anthropogenic land and water use throughout the coastal zone of
watersheds across the SONCC E8lg quality and quantity of productive rearing

habitats have been reduced and are a leading cause in the deClat®sélmon
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populations and the diversity of life history strategies (NMFS 2014). Increased diversity
of life history strategies and productive rearing habitats can provide population resiliency
to environmental variation and stochastic evémesebyaiding in recovery of SONCC
Cohosalmonpopulations

Beaver$activitiesmaintainand increasenderwater complexity and asresult
improverearing habitat fosalmonids and othdishes In particular beaver dams
increasgroductive rearing habitat for juveni@hosalmon due to increadehannel
inundationarea and depttow velocity habitat andabundance of aquatic inse¢Byant
1983, Naiman et al. 1984988, LeidholtBruner et al. 199Zollock et al2007).

Streams impounded by beaver dams have been shown to have higher abwfdishce
produce larger individualsind increase survivalf rearingjuvenile Cohosalmonwhen
compared tain-impounded streams during both summer and winter months (Bustard and
Narver1975, Murphy et al1989, LeidhokBruner et al. 1992)lidal beaver ponds had
significantly higher densities of juvenile Chinook salntmmpared t@ther tidal channel
habitatsn the Skagit Delta of Washington state (Hood 20H2)wever, information

abou juvenileCohosalmon nomatal seasonal habitat use in large tributaries and
mainstem rivers is lackinggechie et al. 1994&0llock et al. 2004)Additionally,

salmonid usef beaver altered habitaits streams that lackamshas ot beenguantified.

Juvenile salmaid snorkel surveys, conducted foDFW, notedhigher quantity
and diversity of salmonids around beaver bank lodges than other adjacentti¢es
mainstem Smith RivgiGarwood and Larson 2014urthermorethe distribution of

beaver andhe Cohosalmon populatiasin the Smith Rivefargelyoverlapin the coastal
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plain (Parish and Garwood 2015, this study). Howgtrex beaver population in the
Smith River almost wholly residan bank lodges with few beavdams present year
round(Chapter 1, this study)presenting an ideal setting to evaluate the impacts of
beaver bank lodges on salmonid f@atal rearing habitat.

| collecteddata on juvenile salmonigse of beaver lodge and ntwmtge habitats
in the mainstenSmith Riverduringthe summeof 2014 and winteof 201415 to
examine thenfluenceof beavers ofuvenilesalmonid nomatal rearing habitatocusng
largelyon Coho salmaon testedthe hypothesis that presence of bedarklodgesand
beavercreated habitahfluencesoccupancy ojuvenile Cohosalmon | prediced
juvenile salmonidoccupancyparticularly Coho salmoris positively influenced by the

amoun of beavercreated habitaduringboth the summer and winter season

Materialsand Methods

Study Area

As described in Chapter 1, the Smith Riggperiences the annual high water
temperatures, lowest flowand highest tidal influenaguring the summeDuring low
flows the water height can fluctuate by 3 m (Monroe et al. 1975) in the tidal influenced
zone whichcontinues 8.5 km upstream from the mouth (Parish and Garwood 2015).
contrastwinter flow conditions greatly fluctuatdroughout the basin due to winter
stormevents because the basin receittesmajority (846) of its rainfall during the

winter months Like other coastal basins throughout California and the Pacific Northwest,



37
the northern portion of the Smith River estuarg working landscapéppendixA) and
has been highly modified through the construction of levees,,dikdsdrainage ditches
for the purpose of flood control and floodplain reclamation forcagitiral uses. As a
result, oftchannel rearing habitatsr salmonidshave been reduced anthny small
drainages and sloughs in the northern portion of the estulaity the mouth of Rowdy
CreeR arefilled in andsevered from the main estuary chanirethe Smith River this is
evident from historic and current aerial imag#ystrating lossof riparian habitat, and
the reduced size and channel connection of Bllmsgh due to @rivatelevee built in the
1970sfor flood control(Figure4). Similar land alterationgcross the mainstem and
tributaries throughout the coastal plaisve led to reduced channel complexity
floodplain connectivityandloss ofquality rearing habitat for juvenile salmonids.

Upstream from Highwag01to theconfluence of the South Fork and Middle
Fork, fewerchannel alterations have occur@ttthe active channelaturallymeanders
through alluvial point bars and bedroeéks a result this area contaisisle channels and
large bendshatform off-channel habitafssome of which are only connected to the main
channel during high winter flows. Tributas within this section, includinigittle Mill
Creek, Sultan Creek, Peacoanklsn@lerseepsandCl ar k o
streams such &amp 6 CreekHigurel), provide cold water inputs during the summer
and offchannel rearing habitat for juvenile salmonids during the wiiitas stidy was
conducted atiteseoff-channehabitatswherejuvenile Cohosalmon are able to rear

during the summer and winter months
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Figure4. Historic (1942) and current view (2012) of the Smith river plain and estuary, Del Norte County, CalBbraeiahaded areas
in each image depict the estimated active channels at the time the image was cohect®d.2 image shows the presence of
smal stream and slough channels, identified by dense strips of riparian vegetation between Rowdy Creek and Islas Slough. Also
shown is the upper end of Islas Slough connected to the Smith RivatePevees and tide gajeeen in the 2012 image, were

built for flood control and land reclamatiaesulting in reduced stream and slough chana&ss mapped using the 2010
NOAA coastal liDAR dataset.



39
Field Methods

Based on prseason surveys and previous data collected througtestudy
area by Garwood andarson (2014) and Garwood et al. (2014stablished 24 unique
fish monitoring stesfor both the summer and winter salmon rearing per{bagire5).
Habitats were not selected at random, but were identified based on their high likelihood
of persisting throughout the summer or winter rearing periddditionally all sites
selected werpresumed to be suitable for juven@®hosalmon rearing due to presence
of habitat features such Esge woody debrisLlWD), overhangingegetation, beaver
burrows Because the summer and winter periods have contrasting available hhabitats,
selectedish monitoringsitesindependentlyor the summer and the wintdfigure5).
However, eighsiteswere monitored during both the summer and winter sesaso
ensure salinity at alliteswould remain within salmon tolerance thresholds throughou
the summer sample seassites were located in areas likely to have salinity lewds
ppt, as identified by Mizuno (1998Jites represemda diverse range of potential
salmonid nomatal rearing habitats including backwaters, edge waters, beaver lodges,
and cold water seep&ffort was made for half of the sitesbelocated abeaver lodges
and halflackinglodges.

Multiple primary samphg occasionsvere conductetb measuréemporal
occupancy patterns (i,extinction and colonization processes) of juvenile salmonids as
they relateo beavercreated habitags well asvater quality throughout a specific
season. Surveys fsh monitoringsiteswer e conducted wusing Pollo

(Pollock 1982)which has secondary sample occasions within each primary sample
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Figureb. Location of summer 2014 and winter 2018fish monitoring stes across thenainstem
Smith Riverand Rowdy CreekDel Norte County, California. Summish monitoring
site locationsarerepresented by light triangles awthter fish monitoring site locations
are dark circlesEight locations were surveyed as both summer and watés.




































































































































