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ABSTRACT

SPATIAL ECOLOGY OF AN INLAND POPULATION OF THE FOOHILL

YELLOW-LEGGED FROG RANA BOYLII) IN TEHAMA COUNTY, CALIFORNIA

Ryan M. Bourque

Understanding the movements of anurans is importamieiegloping successful
conservation plans because breeding, foraging, and mieriug resources are often
separated by time and space. | used radio-telemetry totsidyovements and habitat
use of the Foothill Yellow-legged FroBdna boylii), a stream-dwelling species
experiencing significant population declines. Seventy-nmogsf(11 males and 68
females) inhabiting an inland watershed were opportunisticappyured, fitted with
radio-transmitters, and monitored during three two-motithysperiods. Females were
tracked during one spring (2004) and two fall/winter seas234(and 2005), while
males were tracked during one spring season (2004). Sitékspeather conditions
were monitored to evaluate associations with frog movéeareh habitat use.
Movements and habitat use were highly variable amongithails during all study
seasons. Frogs either centered activities at the@licépture locations or moved
hundreds to thousands of meters among different strelaibatsa The greatest distances
traveled by male and female frogs were 0.65 km and 7.04 kmcteshe Frog size
and age were independent of seasonal distances traltdile males and females

moved 65.7 and 70.7 m/day (median), respectively, in spring abdenfemales moved



37.1 m/day (median) in fall/winter. The maximum traxakerwas 1386 m/day. Frogs
used watercourses as movement corridors and rarely moi2dn from the stream
channel. Spring movements were not associated with areddint fall/'winter movements
were associated with increasing rain and humid conditiélesnales showed an upstream
directional bias during spring movements and a downstreanfobitel/winter
movements. The results from this study highlight thelteemanag®. boylii

populations at the watershed scale to ensure protectgpatélly separated resources

commonly used by individuals throughout the year.
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INTRODUCTION

The Foothill Yellow-legged FrogRana boylii) is a highly aquatic ranid that
ranges from southwestern Oregon to northern Baja @aifoMexico (Loomis, 1965) at
low to mid-elevations (0-2,040 m) west of the Sierra Mavand Cascade Mountains
(Fitch, 1938; Marr, 1943; Stebbins, 2003; Storer, 1925; Zweifel, 19845k species is
the smallest ranid in the Pacific Northwest (snoustyle lengths < 82 mm and weight
42 g; Hayes et al., 2005), and unlike congeners that occupy paoddsarshes, it resides
exclusively in rivers and streams (Duellman and Trueb, 19R&)a boylii was once
ubiquitous in low-gradient drainages but populations have slaclined, and in 1994
this frog became a candidate for federal listing (USDBB4) and was listed as a
California Species of Special Concern (Jennings and H&984). The severity of
population declines varies within its range, but the ma@strahg declines have occurred
throughout inland regions where many populations are coesliddther threatened or
extinct (Jennings and Hayes, 1994). Factors implicateduses#or these declines
include habitat alteration and destruction (Lind et al., 1986)introduction of bullfrogs
(Lind et al., 2003; Moyle, 1973), and pesticides (Davidson, 2084id3on et al., 2002).
In recent years populations have declined further (Lind, 2@0%);onservation efforts
have been hindered because the ecology of this spepiesrig understood (Jennings
and Hayes, 1994; USDI, 1994). Several qualitative and quardi@iscriptions oR.
boylii ecology exist (Fitch, 1938; Hayes and Jennings, 1988; Kupferberg, LLigéa:t

al., 1996; Storer, 1925; Van Wagner, 1996; Zweifel, 1955), but muethatfis known is



restricted to its breeding requiremenBana boylii breed in shallow, slow flowing
stream habitats with cobble and boulder substrates (Agttal., 1997; Stebbins, 2003)
However, habitats critical to the survival of this speanust also provide post-
metamorphic life history stages with resources for nott@equisition (i.e., food and
water) and shelter (e.g., protection from predators armmdfbibenvironmental

conditions). Among anurans, habitats that provide lingedbraging, and overwintering
resources are often distributed in discrete patchesféem require individuals to migrate
annually, sometimes traveling greater than 1 km betweatat®(Sinsch, 1990).

Until recently, information ofR. boylii movements and habitat use outside of the
breeding season was limited to only one study (Van Wagd886) and anecdotal
observations (Kupferberg, 1996; Twitty et al., 1967), which detratesl that individuals
at least occasionally make modest movemen&)Q m) between breeding and non-
breeding habitats. However, no detailed studies havetie##& monitored the
movements of individual frogs to accurately quantifyekeent, frequency,
directionality, timing, and routes of travel within aswhong habitats distributed across
the landscape. Detailed information on the spatialbgy of this species is urgently
needed to develop conservation strategies that will epsatection of critical non-
breeding resources (i.e., foraging and overwintering)sates migration corridors at the
appropriate spatial scale. This information is alser@ss for assessing the impacts of
management activities (e.g., cattle grazing, gravel minuadger diversions, and
impoundments) on extant populations, stream restoratimhthe potential for future

recolonization where populations have been extirpated.
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This study describeR. boylii spatial ecology using radio-telemetry to monitor the
movements and habitat use of adults in an undammed inlaedsivad. The specific
objectives of this study were to: 1) quantify the distsncaveled, directionality, rates,
and routes of movements for male and post-reproductmaléR. boylii during the
breeding and non-breeding seasons, 2) determidéodylii move among breeding,
summer foraging and overwintering habitats and descritz¢ habitat characteristics
differ between habitat types, 3) examine if frog moveméliffer by frog size or age, and
4) determine if the timing of frog movements are assediatith seasonal changes in
site-specific weather conditions. The results of $hisly provide insights into the post-
breeding resource needsRfboylii and can be used as a foundation for future decisions

on species conservation.



MATERIALS AND METHODS

Study Area

This study was conducted in the Red Bank Creek watershiul wie
boundaries of an area managed by the Sunflower CoordinatedrBed®/lanagement
Plan (SCRMP), located in Red Bluff, Tehama Countyjf@ala (40° 3’ 48.1" N,
122°36’ 25.5” W; Figure 1). This watershed originates infola¢hills of the Yolla Bolly
Mountains and is a tributary to the North SacramenteRasin. The landscape has
moderate topographic relief (elevations ranging betweerb300m) and is generally
composed of loose erosive soils (schist) carved inaviassof low rolling ridges. The
dominant terrestrial plant community is comprised ofadichaparral (e.gManzanita
sp. andCeanothus spp.) and gray pind>{(nus sabiniana) with a transition to oak
woodlands Quercus sp.) and grasslands along the eastern edge of the gtudy si

The region has a Mediterranean climate. It is hotdagidnost of the year (April-
October) with a distinct rainy season (average annualpited®n = 58 cm) that occurs
from November-March (Western Regional Climate CeR@€3). During spring (April-
June) the average daily air temperature is 16.4° C (rang@4=C), and temperatures rise
throughout the summer with daily highs often reaching 35DGring the fall and winter
months (October-March), average daily air temperatui®i3° C (range = 0-20°C) and
rarely drops below freezing. These mild winter condgialtowR. boylii to be active

year-round (personal observation).
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Data for this study were collected from a populatioRdfoylii in the upper Red
Bank Creek watershed (drainage aret?.7 knf). Habitats available tB. boylii in the
study area included an ~ 8 km segment of the main chamth@ldgoining tributaries
(Figure 1). Red Bank Creek is the dominant aquatic resoditus.perennial low
gradient creek is 4-10 m wide and contains a full rangeaesio-habitats (e.q., riffles,
runs, glides, and pools). Average water depth is 0.25 mhandieepest pools did not
exceed 0.75 m. Average base flows recorded in 2004 and 2005 wetbi2. fneters per
second (rs) in spring and 0.08 s in late fall. Average daily spring water temperature
was 16.8°C (ranges = 10-22°C) and average fall/winter temperats 9.9°C (range =
1-18°C).

Tributaries feeding Red Bank Creek are numerous and incltetenittent and
ephemeral creeks. There are three intermittent c{&&lystone Creek, Abernathy
Canyon Creek, and an unnamed creek) within the study &tesse low gradient (< 5%)
drainages are 2-3 m wide and have flowing surface waters dbhanget season, but dry
almost completely by early-mid summer. Remnant poolsadar in these waterways
and can provide habitat for frogs year-round. Ephemereksrare the most abundant
type of watercourse with respect to length of streaamiél, but these steep (> 5%
gradient) and narrow (< 1 m) drainages have flowing sanfgaters only during
substantial rains and dry completely within weeks follagwiT herefore, these habitats

are unsuitable for frogs during most of the year.
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Riparian and aquatic vegetation is sparse throughout the ateaynd is
restricted to perennial and intermittent drainages. \Vyinesent, riparian vegetation
occurs in narrow bands (< 3 m) and is dominated by wilkSaix spp.) and alders
(Alnus spp.) but occasionally includes cottonwood@spllar spp.) and mulefat
(Baccharis spp.). Aguatic vegetation generally occurs in deeper 8tomng habitats
(e.g., pools and glides) and consists of rushasc(is spp.) and cattaillypha latifolia).

Despite the occurrence of livestock grazing and resarwaiihin the surrounding
landscape, this watershed apparently has a natural hydadloggéme and supports a
healthy population oR. boylii. There is also a diverse assemblage of native aquatic
vertebrates including Sacramento pikeminn&ty¢hocheilus grandis), resident rainbow
trout (Onchorhynchus mykiss), California roachl{avinia symmetricus), Sacramento
sucker Catostomus occidentalis), western pond turtleA¢tinemys marmorata
marmorata), aquatic garter snaké&hlfamnophis atratus hydrophilus), Pacific treefrog
(Hylaregilla), and western toadB(fo boreas). Non-native bullfrogsRana catesbelana),
sunfish Lepomis sp.), largemouth basdVicropterus salmoides), and catfish (Ictaluridae)
also occur within the study area, but these specienairdy restricted to reservoirs and

are uncommon in lotic habitats (unpublished data).

Monitoring Movements

| monitored the movements and habitat use of &lddbylii using radio telemetry
and incidental recaptures during one spring breeding seapoiir J@dne 2004, S1) and

two consecutive fall/winter non-breeding seasons (@ectdhnuary 2004, FW1; and
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2005, FW2). These periods encompassed a seasonal trapsiticaen the dry and wet

season and were selected to maximize the probabildgtetting seasonal movements
(White and Garrott, 1990). AduR. boylii were opportunistically captured at the
beginning of each study season during visual encounter s WE$ and eye-shine
surveys conducted along Red Bank Creek and intermittbotdries. | attempted to
restrict initial captures to a 1 km reach along Red BamlelC However, low captures
occurred in this area during each season and surveyewmaded to a larger segment
(~ 4 km) of Red Bank Creek and intermittent tributaries.

Visual encounter surveys were conducted during daylight Hiyutisined
surveyor(s) walking both banks of a survey reach whdeally searching the shoreline
for adult frogs (Crump and Scott, 1994). Eye-shine surveysvieddhe same methods,
but these surveys were nocturnal and thus surveyor(s) usiéel Sport 11 light (Nite
Light, Little Rock, Arkansas, USA) to visually detectdsousing light reflected from
frogs’ eyes (Corben and Fellers, 2001). SiRcboylii are diurnal and nocturnal (Van
Wagner, 1996), both methods were employed to improve captcecess and expedite
radio-transmitter deployment.

Selection of study frogs was not random. A bias towadtsdt frogs was
necessary to keep transmitter packages below 10% of a bogg'mass, a standard limit
used to minimize the potential effects from transmateachment on frog movement and
behavior (Richards et al., 1994). | attempted to captueslalt frogs (~ 50 mm snout-
urostyle length) observed with a net or by hand. Afigial capture, snout-urostyle

length (SUL,_+1 mm) was measured using calipers, mass was measurea Ragola™
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spring scale (£ 0.5 g, Forestry Suppliers, Jackson, Mesd) sex was determined based
on sexual characteristics (e.g., nuptial pads on makegs greater than 50 mm SUL
were individually marked with passive integrated transporfeldr) ¢ags (BioMark, Inc.,
Boise, ID; (Donnelly et al., 1994). These tags werdamted subdermally via a small V-
shaped incision made anterior to the sacral hump (Sh@@3).

Frogs exceeding the minimum weight requirement werdfittith a radio-
transmitter, until all transmitters were deployed. dduBD-2 radio-transmitters (Holohil
Systems Ltd., Carp, Ontario, Canada) with a lifesgdahree weeks (0.98 g) or seven
weeks (1.35 g). Two sizes of radio-transmitters were tgsaliow for a wider size range
of frogs to be monitored. Radio-transmitters werachiked taR. boylii using a derivation
of the lightweight beaded-belt method (Muths, 2003).etuseaded-belts (mean mass =
0.15 g) constructed of Czech glass seed beads (size 13) sttorfetch Magi®
jewelry cord (0.5 mm diameter, Pepperell Braiding CompRepperell, MA). Belts
were fitted around the frog’s waist, inserted throughbe touilt into the anterior end of
the radio-transmitter, tied off, and the knot was gluBdlts were sized loosely to permit
free movement of the transmitter package around the uatisight enough to prevent
the belt from slipping off the frogs’ legs. During Pl tienplantation and radio-
transmitter attachment, frogs were immobilized using acdedesigned for restraining
anurans (Bourque, 2007). Handling time during these procedureslgasinutes, after
which frogs were immediately released at the poimiapture. When frogs were lost
(i.e., predated or shed radio-transmitter) new stuslysfivere added as soon as

transmitters became available.
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| relocated radio-tagged frogs during daylight hours every dag8 (mean = 3

days) with a TR-4 Telonics receiver (Telonics, Inc., 8)eizona) and an H-Adcock
directional antenna. Frogs were relocated in a randmhsequence during each tracking
day to avoid temporal sampling bias among individuals. Froatibns were recorded
precisely with Global Positioning System (GPS; Geoaxpl8, Trimble Navigation Ltd.,
Sunnyvale, California, USA) if individuals were visually de&et; or to within 1 m when
not visible (e.g., submerged or concealed by cover). Aditions were post-processed
using differential correction for a final accuracy 086 m. Locations were then
compiled and entered into a Geographic Information Sys&®, (ArcMap software,
ESRI, Redlands, CA) to calculate distance measures.

Since skin injuries are a common problem reported fiadio-transmitter
attachment to anurans (Heyer et al., 1994), frogs were pailyde-captured to
measure mass, inspect for injuries, and assess theityend fit of beaded belts.
Beaded belts were refitted at the first sign of skirasibn or replaced once wear of the
elastic thread was noted. If abrasions did not begireal within ten days after resizing
the beaded belt, the radio-transmitter was remofRatiio-transmitters and belts were
removed from frogs 3-5 days prior to the scheduled battgriyation to ensure retrieval
of transmitters. | also attempted to capture and nlaftogs encountered incidentally
during relocation of radio-tagged frogs to maximize the grbbaof detecting gross
movements within and between study seasons.

Movement between relocations, hereafter referred suesessive distance (SD),

was measured as distance along the creek (metergdofreg. Successive distance
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measures were used to identify activity areas (see balogvcalculate movement rates.
| also calculated network distance (NWD) by measuringlifiance moved along the
creek between initial and final capture for sedentargsand as maximum distance from
initial capture for mobile frogs. | used NWD to asségsextent oR. boylii movements
andmake comparisons between sexes and seasons. Fimallgullated net displacement
(ND), the sum of successive distance measures, whereaipsmoves were assigned
positive values and downstream moves were assigned reegatiies (Lowe, 2003). Net
displacement was used to assess the directionalitypeéments. | did not use minimum
straight-line distance, a common distance measure usedsnmovement studies, since
the movements of monitorddl boylii were restricted to the stream network.

| simplified the movement path for each frog by categog locations into
activity areas or stopover locations based on the dediestering among locations and
the time spent at each location. An activity areas wefined for a frog when the
cumulative net displacement was < 35 m (a distancescharbitrarily after graphically
screening the movement paths of all frogs) and residease-V6 days. After identifying
activity areas, the geographic coordinates for all looativithin each area were averaged
to produce a centroid. Once cumulative net displacemereded a threshold of 35 m
an individual was assumed to have moved to a new spatido@nd cumulative net
displacement was reset to zero. New locations oadudpre< 5 days were considered
stopover areas.

After simplifying movement paths, | subsequently classifiegs into one of two

categories based on the extent of movements obseFreds that made short-distance
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movements< 35 m, hereafter “localized movements”) around the pafimitial capture
were classified as “sedentary”’ (Figure 2). In contifasgs that made directed
movements (> 35 m) from the area where initially captuvere classified as “mobile”.
Categorization of these movement patterns reflectavieds observed and is not a
permanent label assigned to the individual. | treatddrgary and mobile frogs

separately when describing NWD but pooled data for populatiosi-nalyses.

Figure 2. Example of localized movements (black arr@md)designation of an activity
area (broken circle) fdR. boylii radio-tracked in the Red Bank watershed,
showing Red Bank Creek (bold black line), initial capturetiooablack circle),
relocations (white circles), and breeding site (gray guaty.
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Habitat Measurements

Each time a frog was located, | measured physical andgimalchabitat
characteristics potentially importantRoboylii for thermoregulation, foraging,
hydration, and protection (Table 1). Creek meso-habitats elassified as riffle, run,
glide, or pool using channel morphology, substrate compostiad flow velocity
(McCain et al., 1990). Wetted width and water depth weraimdd from measurements
collected along a 0.5 m transect perpendicular to thé& clennel at each frog location.
Mean water depth was calculated from five depth measoltiested at 16.6%, 33.34%,
50%, 66.67%, and 83.33% of the wetted width. Maximum water degdlrecorded as
the deepest point along the transect. Dominant aquadstrate (within the wetted
channel) and terrestrial substrate (within 3 m fromvteded channel) were classified as
silt/fines (< 3 mm), sand (3-10 mm), gravel (10-64 mm), cof@#e256 mm), boulder
(>256 mm), or bedrock. The dominant vegetation within 5diusaof each frog location
was classified according to height (m) as herbaceo@s3m), under-story (0.5-2 m),
mid-story (2-4 m), or over-story (> 4 m).

| measured four additional habitat variables in a GISe Tenopy closure (%)
was estimated within a 30 m radius surrounding each frogjdocasing data from the
National Land Cover Database (NLCD; USGS, 2003). Streaer (Strahler, 1957),
solar insolation, and solar duration were calculatechfa 30-meter digital elevation
model (DEM; USGS, 1999). Stream order for each wateseaarthe study area was
determined using the Watershed extension in Arc Map 9.1 sefiiZ&RI, Redlands,

California, USA). Based on field observations, streadeowas a good indicator of
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surface water availability and was used to produce thtegaaes that generally
described hydroperiod: stream order < 2 = ephemeral, 3-5rmittent, and > 5 =
perennial. The DEM was also used to calculate the sal@eoerage incoming solar
radiation (solar insolation) and average duration of sxp®to solar insolation (solar
duration) received within a 30 m area surrounding each ficagiém, assuming no cover.
To obtain these data, solar insolation and solar duratga first calculated for each
month of the year during which this study was conducted usen&adlar Analyst
extension (Helios Environmental Modeling Institute LLC, kance, Kansas, USA) in
ArcView 3.2 GIS software (ESRI, Redlands, Californi&A). Monthly values were
then averaged to produce a seasonal average, which lousebitat analysis.

Areas used by radio-tagged frogs were also categorize@ediy or non-
breeding habitat. To identify breeding habitats, | conducte8 ¥n perennial and
intermittent waterways to locate and map egg masses dbarD04-2006 breeding
seasons (April-May) For each egg mass | measured the same physical anddziblog
habitat characteristics recorded for each frog locdBer above). Locations were
recorded with a GPS, post-processed, and compiled G1& a Egg masses were often
clustered within stream mesohabitats and those within 80each other were merged to
form a breeding site. Habitat characteristics weregambaimong egg masses to produce
mean site values. The size of breeding sites wereddoyithe wetted creek channel and

a 5 m stream segment adjacent to egg mass on the upatidatownstream ends of the

! | was unable to conduct breeding surveys of all inteemtitind perennial waterways used within the
study area due to the unpredictable extent of area usetbiarid unsuitable survey conditions (i.e., high
water turbidity and scouring flows) during site visittherefore, activity centers in unsurveyed interenitt
and ephemeral drainages were not included in habitisemna
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breeding site. Frog locations within breeding sites wabsequently classified as
breeding, and areas outside of breeding sites were ®dsa# non-breeding.

To assess the use of terrestrial habitatR.lyoylii, minimum distance to water
was measured for each frog location. Distance to wedsrmeasured as the minimum
straight-line distance of each frog location to the estaifowing or standing water.
These data were summarized to calculate mean and maxiaiues using the frog as

the sampling unit.
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Table 1. Description of meso-scale variables colletedharacteriz&. boylii habitat

use.

Variable

Description

Stream habitat

Stream width

Mean depth
Max depth
Aquatic substrate

Bank substrate

Vegetation type

Vegetation cover

Stream habitat category (McCain 199@g (if), run (2), glide
(3), pool (4), dry (5).

Width (m) of the wetted creek measured permpdadto frog
location.

Average water depth (m) calculated from fiatenwdepth
measures taken perpendicular to frog location.

Maximum water depth (m) obtained from five wdegpth
measures taken perpendicular to frog location.

Size of dominant aquatic substrate: seel(fl), gravel (2),
cobble (3), boulder (4), bedrock (5).

Size of dominant substrate within 3 m oiéteed channel:
sand/fines (1), gravel (2), cobble (3), boulder (4), bedrock (5)

Category of dominant vegetation within @adus of frog
location: herbaceous (1), understory (2), midstory (3);stoey
(4).
Proportion of vegetative cover deriviedm GIS, calculated froi
a 30 m area surrounding each frog location.

Avg. solar insolatiohMean amount of direct solar radiation (Watt Hr/Mgnth

calculated from a 30 m area surrounding each frog location

Avg. solar duratioh Mean duration of exposure to direct solar radiationNidnth)

calculated from a 30 m area surrounding each frog location

T Estimated from GIS
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Age Estimates

| used skeletochronology to estimate the age. bbylii fitted with radio-
transmitters. Skeletochronology is the study of grawaths in the mineralized bone of
animals. This technique has been commonly used to estirraageiof amphibians with
cyclic or continuous activity patterns (Homan et al., 2®8Q8nbar and Pancharatna,
2001; Kusano et al., 1995; Measey, 2001; Rossell, 1998; Rozenblug#iska@, 2005;
Sagor et al., 1998). Slower growth during dormancy or peribaslaced activity
results in annual lines of arrested growth (LAG’s), whaah be counted to estimate the
approximate time of metamorphosis (Castanet et al., 20083.technique is analogous
to counting the growth rings to estimate the age of trees

To age radio-taggel. boylii | collected two distal phalanges from the longest toe
on the right rear foot at the time of radio-transeniattachment. Samples were dried and
sent to Matson’s Laboratory (Miltown, Montana, US8) histological staining (using
hematoxylin & eosin dyes) and slide preparation. Prejpsiges contained six 10m
sections from the mid-diaphyses of the proximal phalafgeo observers independently
analyzed all samples, using a compound microscope, abgsheection was used to
count the number of visible LAG’s. The first LAG regented the time from
metamorphosis to the first winter (January, ~ 5 mordhs)the time following the last
LAG was calculated as the number of months prioo&ocbllection. Time between lags
was assumed to represent one year. Therefore frogagyestimated to the nearest

month. Discrepancies in age estimates between olosaveee resolved through
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cooperative reanalysis to reach a final consensus (RRasdeSheehan 1998). | used frog

age to examine for differences in average seasonalments among age groups.

Environmental Monitoring

| monitored ambient weather conditions during each studsoset® determine if
associations existed with occurrence of frog movemaArterrestrial weather station was
installed adjacent to Red Bank Creek to collect air teatpes (+£C) and relative
humidity (25%) at 30-minute intervals using a HOBES data logger housed in a solar
radiation shield (Onset Computer Corp., Pocasset, MAgcifpittation was also collected
using a HOB®G H7 event logger connected to a RG200 6-inch rain gauge tippikgtbuc
(Global Water Instrumentation, Inc., Gold River, CA)ater temperature (¥C) was
collected using StowAw&yTidbit data loggers (Onset Computer Corp., Pocasset, MA)
installed at five locations along Red Bank Creek.

| first summarized air temperature, water temperatand,relative humidity by
calculating daily means. Daily means were then usedltolate mean 5-day averages
for air temperature (M5AAT), water temperature (M5AWaNd relative humidity
(M5ARH), calculated as the running average of the mean daliies for each day and
the prior four days. | chose to use 5-day means to imphaviterpretability of these
data (Dunham et al., 2005) and to account for some of treebildy in tracking
frequency. | summarized precipitation data into dailly (BR), cumulative seasonal rain
(CSR), and cumulative 3-day rain (C3R). Cumulative sedgam was calculated for

each day as a running total of rain recorded throughoututlg season. Similarly, C3R
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was calculated for each day as the running sum of rearded during the preceding

three days.

Statistical Procedures

Statistical analyses were conducted using NCSS 2004 softuwar@.05; Number
Cruncher Statistical Systems, Kaysville, UT), Exdg¢icfosoft Corporation), and PC-
ORD (MM Software Design, Glenden Beach, OR). Fervalid application of
parametric statistics, data transformations (i.e.plogguare root) were used when
necessary to ensure that basic assumptions of normealie met (Zar, 1999). When
assumptions were violated, nonparametric statistice weed. Except for
autocorrelation analysis (see below), frogs werectsdeas the sampling unit to avoid
pseudoreplication and for making inferences about the populatintoert, 1984). To
describe movements between seasons and years | ussedations (i.e., radio
telemetry and incidental) recorded throughout the erttidys | made aa priori
decision to exclude frogs with < 10 locations from statdtanalyses because | had
enough data for frogs with more locations. | made thigsaacprior to finding that
study duration was not related to network distance travéezh( regression: n = 722R
=0.0005¢t = 0.18, P = 0.86). Movement data for excluded individualdobkas provided

in Appendices A-C.

General movements

Prior to conducting movement analyses, | tested for indbpee of observations

(an assumption of most statistical tests) using a Kiitkdlis ANOVA (Compton et al.,
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2002). This analysis tested the null hypothesis that ssigeedistance was equal
regardless of days elapsed between relocations (1-6 dag&)cations were statistically
independent of time elapsed (Kruskal Wallis test: n = 108,5f* = 8.05, P = 0.15),
therefore | used all telemetry locations recordedrdividuals. The Schoener ratio
statistic (Schoener, 1981) was not used to assess autatorréecause it is not
appropriate for animals that exhibit shifting activity cest@&ernohan et al., 2001).

To describe and compare seasonal movement patterns lagsedelemetry
relocations and incidental recaptures for each trackingget used summary statistics
to describe the general movements (i.e., extent,aatedirectionality) exhibited by
adults. The high degree of variation in distance meagusted reporting median
values. | tested for differences in NWD between sekseasons (spring vs. fall) among
females using a two-sample t-test (Zar, 1999). When congpsexes | only used female
movements recorded during the male tracking period (AptMag 24). To assess
directional bias of movements, | used ND measures ateldtéor skewness of the
distribution using the D’Agostino skewness test (Zar, 199%hen used a two-sample t-

test to determine if skewness was different betweerssm@ seasons.

Habitat analysis

| conducted exploratory analyses to assess differentesdae breeding and non-
breeding habitats using Bray-Curtis Multiple Response &@tion Procedure (MRPP;
PC-Ord 4.0; McCune and Mefford 1999). | restricted this arsalgshe drainage scale,

meaning that differences were only assessed for habittiia @ither perennial or



21

intermittent drainages. | used this non-parametric procdsha@use it is designed to
handle ecological data that violate parametric assomp{McCune and Grace, 2002).
This analysis calculates a matrix of Euclidean distaneasures for the complete data
set, an average distance within each group, and a weigiata within-group distance
(used to indicate the degree of contagion). These detare used to generate two
statistics: 1) the test statisti€)( which determines the degree of among-group separation,
where more negative numbers indicate greater sepgratidr2) the agreement statistic
(A), which determines the within-group homogeneity comparedridom chance. The
agreement statistic can range from 0-1, wherel when all within-group items are
identical,A = 0 when within-group heterogeneity is equal to chanceAan® when
heterogeneity is greater than expected by chance.

When differences were detected between groups, | used atevaratistics to
identify and describe the variable(s) responsible for ghifgrences. Two-tailed t-tests
were used to assess continuous variables and chi-square gaofditdssts were used to

assess categorical variables (Zar, 1999).

Age and size effects

Since the age class of frogs may influence mobilitylig@lilet al., 2002), |
examined whether NWD traveled by adRltboylii differed among size and age groups
using a Kruskal-Wallis ANOVA test. This analysis wasdusetest the null hypothesis
that the average distances traveled by frogs in eacduosize groups{62 mm, 63-65

mm, 66-68 mm, and 69 mm) and age groups (< 3 years, 3 years, 4 years, apdars)
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were equal. Rejection of the null hypothesis would suggasimovement is associated
with frog size and/or age. Males were excluded fromahédysis due to insufficient

sample size.

Weather triggers

To examine whether the timing of movements was assacvwith ambient
weather conditions, | used t-tests or nonparamets te evaluate the ability of
hypothesized predictor variables to distinguish betweebitieenial response variable
(movement = yes or no). | considered variables withlpes < 0.2 as possible predictors
(Hosmer and Lemeshow, 2000). Variables with unequal \@ianfailing to meet
assumptions of normality were evaluated with the ASMech unequal-variance test or
Mann-Whitney U-test, respectively (Zar, 1999). | thereassd multicolinearity among
predictor variables using a Spearman-rank correlationxnathere correlation
coefficients (s) > 0.70 were considered colinear. Among multicolineaiatses, |
selected the variable presumed to have the greatesgibmllinfluence on the response
variable for further analysis. Julian day was incluthecariable selection routines as a
possible confounding variable for predicting frog movement.

Following variable selection, | developaghosteriori candidate logistic
regression models. Candidate models were ranked ugirertsal Akaike Information
Criterion (AIC;) and Akaike weight (v to determine the best model (Burnham and
Anderson, 1998). To determine the relative importancadi exdependent variable in

the best-ranked model, | used a chi-square test (Hosmé&eameshow, 2000). This test
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compares the fit of the full model to the fit of a mbatiker omission of each independent
variable based on a deviance statistic. Relatively ldeg&ance resulting from removal
of an independent variable indicates a high degree of irddugam that variable in the
fitted model. To determine goodness-of-fit of the bestehd generated a Receiver
Operator Characteristic (ROC) curve, which was usexitulate area under the curve
(AUC) (Hosmer and Lemeshow, 2000). This metric measteemodels’ ability to
correctly classify the binary response variable. An AWJ0.5 suggests a model no
better than random chance, 0.6-0.7 suggests acceptablendiation, 0.9-0.8 suggests a
model with excellent discrimination, and 1.0 indicatedque fit of a model. Analysis of
spring data included both sexes, and both 2004 and 2005 study ssesopsoled for
analysis of fall/winter data. No data were reseregdfodel evaluation since the aim of

this study was to describe relationships rather than modlee predictions.



RESULTS

Seasonal Movements

Sample sizes and number of observations

| attached radio-transmitters to ROboylii (11 males and 68 females) but only
movement data from 70 individuals (9 males and 61 femalgsedices A-C) were
used for analysis. The nine frogs excluded from analysie wither eaten, went missing,
or shed the radio-transmitter less than 16 days frem ithitial capture. Among the frogs
included in analyses, 16 were lost prior to scheduled renadvatlio-transmitters either
due to predation, shed radio-transmitter, or lost signbdble 2 summarizes the
morphological characteristics of all frogs fitted hwiadio-transmitters. Infrequent
encounter of males meeting the required weight critefoo radio-transmitter attachment
precluded this sex from being studied during the fall/wintgysseasons. Three females
were tracked for more than one study season: one dutiapé6FW1 (A03) and two
during both fall/winter seasons (B05 and B15).

| documented four predators of adRltboylii. The aquatic garter snake
(Thamnophis atratus) was a dominant predator responsible for deaths of #ggg. One
frog (female, SUL = 62.5 mm) was eaten by an adultrogjifRana catesbeiana, female,
SUL =143 mm). Two other predators were not identified ad” shaped laceration
inflicted at night on one individual and tooth marks amépoxy coating of a recovered

transmitter suggested a nocturnal bird (e.g., owl) and anmadmespectively.

24
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As a result of frog loss and subsequent additions offrayg during each study
season, initiation dates, number of days tracked, anichtatgber of locations varied
among individuals. Variation in the deployment dateagdio-transmitters was
particularly high in S1 (April 10 - May 8) and low for bd#il/winter seasons (FW1 =
October 7-10 and FW2 = October 4-11). In S1, males wacked for 20-31 days (n =
9, mean = 25 days) and females were tracked for 16-62 dayaqinmean = 40 days).
In FW1 and FW2, tracking duration ranged from 32-102 days (n medn = 55.5 days)
and 36-113 days (n = 20, mean = 72.7 days), respectively. Atdt@88 tracking
observations were recorded (S1 =571, FW1 = 418, and FW2 =BBS}, male and
female frogs were relocated 11-19 times (n = 9, mean arib11-34 times (n = 20,
mean = 20), respectively. The number of relocatiorsrgnfemales tracked during the
two fall/winter seasons was similar, with 11-25 (n = 24ame 17) in FW1 and 11-25 (n

=20, mean = 20) in FW2.
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Table 2. Morphological characteristics including sex (Mhale, F = female), number of
frogs (N), weight, mass %, snout-urostyle length (5dind age foR. boylii
radio-tracked in the Red Bank Creek watershed. Valuenea@s +/- standard
error (minimum-maximum).

Study Season Sex N Weght  Maso SUL Age

(9) (mm) (years)
s1 M 11 14.1+059 6.5+025 51.8+0.91 4.7 +0.48
(April 10-May 24) (11.3-18) (5.0-7.8) (46.5-56.0) (2.8-6.8)
s1 F 23 26.7+131 5.0+0.27 64.9+1.13 3.9+0.39
(April 10-June 12) (14.7-37.5) (3.0-8.0) (53.5-73.7) (1.8-5.8)
FW1 F o6+ 32.1+12 49+0.15 66.4+0.67 3.9+0.39
(Sept. 21-Jan. 16, 2005) (23.3-43.6) (3.8-6.2) (60.3-73) (1.2-7.2)
FW2 F oon 30.4+12 50+021 64.7+0.70 3.0+0.23
(Oct. 7-Jan. 29, 2006) (23-41.7) (2.0-65) (60-71.8) (1.2-4.2)

* One frog also tracked during S1 study season.
A Two frogs also tracked during FW1 study season.
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Spring males

Five (55.6 %) of the males monitored during S1 were mobitktlze other
individuals (n = 4) were sedentary. The median NWDsrfobile and sedentary males
were 149 m (range = 72-578 m) and 5.5 m (range = 2-13 m), respect&mphs of the
movement histories of frogs suggested that mobile individuails in the process of
traveling to new activity areas following their initedptures (Figure 3 & Figure 4).
Movements occurred during mid-April and were not restricteditoevents (Figure 3),
but small sample size precluded analysis of assocsatith ambient weather. Mobile
males generally established activity areas by early NBagsed on ND measures, these
males showed no significant directional bias in mover(i@iAgostino skewness test: n
=9,t=-1.77, P =0.076), although the majority (80%) of mobileviadiials moved
downstream from their initial capture locations. Amorapite frogs, only one (A26)
was incidentally recaptured after the spring telemetg@e This frog was recaptured in

October 2004 and was located at the same non-breedingthHasitoccupied during the

spring.
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Spring females

The majority (80%, n = 16) of femak boylii tracked during S1 were mobile,
and the others (20%, n = 4) were sedentary. The medfdd\recorded for mobile and
sedentary females were 525 m (range = 130-7,043 m) and 4 m f§aniyé m),
respectively. No differences were detected in NWD teavbetween males and females
(Two-sample t-test: df = 18~ 0.84, P = 0.41).

Among mobile females, many (63%) moved away from théialrcapture
locations shortly after (mean = 3 days) being fittedhwatdio-transmitters (Figures 5&
6), and most of them (n = 12) apparently completed pegteling movements and
established activity areas (i.e., summer foraging atsesarly to mid-May. However,
four individuals were nomadic (i.e., showed no fidei@gyany one area and moved
continuously throughout the duration of the study seasOng of them (A01) displayed
impressive mobility, traveling 7 km during which she used initéent tributaries (some
of which were dry with only moist substrates) and creatadge (Figure 7A). These
post-breeding movements were primarily unidirectior&res 5 & 7B), although two
females migrated back to a previous point of capture (A03 4dd Fee Figures 5 & 8A).
Based on measures of ND, females displayed a strongapsttirectional bias
(D’Agostino skewness test: n = 227 3.24, P = 0.001), with all but one mobile frog
(93.8%) moving upstream (Figure 9).

Four gravid females were captured before deployment @-temhsmitters and

prior to the start of breeding. Two of these frogs werdestary between their initial
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Figure 7. Examples of the longest movement (A) andr dbing range movements (B)
exhibited by femal&. boylii radio-tracked during S1 in the Red Bank Creek
watershed. Symbols for lotic habitats, breeding séed frog locations with

associated labels are the same as those used in Eigbwene movement paths
include incidental captures (IC).
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Figure 8. Examples of moderate movements and migratidnisited by femaldR.
boylii radio-tracked during S1 in the Red Bank Creek watershed. @yrian
lotic habitats, breeding sites, and frog locations w#bociated labels are the
same as those used in Figure 4.
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Figure 9. Frequency distribution of net displacetier femaleR. boylii radio-tracked
during S1 in the Red Bank Creek watershed. Pesitalues represent upstream
moves and negative values represent downstreamsndias are of unequal
sizes. The bin labeled -35-35 represents sedemtay.
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capture and recapture, at which point each was fittedanitiuio-transmitter. The other
two frogs moved 54 and 74 m between first and second captunetrisedentary

throughout their respective tracking periods.

Fall/winter females

No difference was detected between the movement disbrisufor females
tracked in FW1 (n = 24) and FW2 (n = 20) (Kolmogorov-Smirtest:P = 0.21), so
these data were pooled. Twenty-four females (54.6%) mebsle (FW1 = 15, FW2 =
9), and twenty (46.4%) were sedentary (FW1 =9, FW2 = 11¢ nfddian NWDs
recorded for mobile and sedentary females were 332.5 n24n range = 60-3,693 m)
and 8 m (n = 20, range = 0-32 m), respectively. Femalelssnladuring fall/winter
moved significantly shorter distances compared to fentedeked in spring (Two-
sample t-test: df = 62,= -2.39,P = 0.01).

Mobile females remained at their initial capture locatifomsan average of 19
days in FW1 and 45 days in FW2. Departure from these aceasred between mid
October and early November in FW1 (Figures 10 & 11) and leetwarly and late
November in FW2 (Figure 12). After departing initial captiomations, 66.7% OR.
boylii made a series of unidirectional movements beforbledtang new activity areas
(e.g., Figure 13A). Six frogs moved throughout the remaiatihe fall/winter season
(e.g., C08, Figure 13B), and two frogs migrated back to theimlic&pture locations
(e.g., C13 & C18, Figure 12). Assessment of female ND sth@neoverall downstream

directional bias in movements (D’Agostino skewness test44,t = -3.62,P = 0.003;
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Figure 14), even though the majority (68.2%) of femalekéwenoved upstream. Net

displacement data were pooled because there was neddéin movement

distributions between FW1 and FW2 (Kolmogorov-Smirnov. fés- 0.271).

Between season movements

Nine frogs were initially captured and/or recaptured outiddimes when radio-
tracking occurred. The time elapsed between tracking seasal incidental captures
ranged from +/- 6 to 12 months. Four of these frogs wassitied as sedentary based
on telemetry locations, and incidental recaptures sh@artinued fidelity outside the
tracking seasons (e.g., Figure 13A [B06] and Figure 15 [BO5 and Baibjkever, five
frogs showed movements outside of the telemetry seaJaide 3 summarizes and
compares movement data obtained from radio telemetiyneidental captures for these
individuals. Three of these frogs showed evidence of muigrgatterns. The movement
paths from radio telemetry data and incidental captarethfee of these frogs have also

been provided (Figure 15 [B09], Figure 13B [C08 & C09]).
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Figure 13. Examples of long-range movements observe@in(R) and FW2 (B)
exhibited by femal&. boylii radio-tracked in the Red Bank Creek watershed.
Symbols for lotic habitats, breeding sites, and fregimns with associated
labels are the same as those used in Figure 4. Someneatvpaths include
incidental captures (IC).
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Table 3. Summary and comparison of distances movedifribal capture (DFIC)
obtained from radio-telemetry and incidental recaptuxes umber of
recaptures) for femal. boylii radio-tracked during the fall/winter seasons in the
Red Bank Creek watershed. Positive DFIC values indigagream movements
and negative values indicate downstream movements.

Recapturedatapre  Radio-telemetry  Recapture data post
radio-telemetry data radio-telemetry
DFIC DFIC DFIC
Frog 1D Season (m) Season (m) N Season (m)
B0O2 -- -- FW1 475 1 FW2 -475
Spring
B0O9 -- -- FW1 -8 1 2005 239
Spring
B12 -- -- FW1 102 1 2005 -931
Spring
CO08 -- -- FW2 1,334 1 2006 -1,334
Co9 SPing 3713 Fw2 1255 0 - -




45

Movement Rate

Movement rates were calculated separately for loedlinovements (i.e.,
movements within activity areas) and directed movemgmets movements 35 and
away from activity centers) to provide a more accuratergé®n and assessment of
rates (Table 4). No differences were detected betwearsdor localized (two-tailed t-
test:t=1.7,P = 0.09) or directed movement rates (two-tailed t-test0.4,P = 0.72) in
S1. There were also no differences in the distribst@irfemale movement rates
between fall/winter seasons for either localized mosets (Kolmogorov-Smirnov ted®:
= 0.08), or directed movements (Kolmogorov-Smirnov test:0.66), so these data were
pooled. Localized movement rates among females in S4 sigmificantly larger than in
fall/'winter (two-sample t-test:= -2.14,P = 0.018), but no seasonal differences were
detected between the log of directed movements (As@leiMunequal-variance test:
-1.59,P = 0.12). Upstream movements did not exceed 355 m/dayead)eghe absolute

maximum downstream travel rate was 1,386 m/day.
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Habitat Use

Breeding sites

A total of 64 breeding sites were identified during the 2003-208édang
seasons. Fifty-four (80.7%) of these sites were located) Red Bank Creek, and
twelve were found on an intermittent tributary (KeysdCreek). Breeding-sites
decreased significantly with distance upstream along Rett Breek (Pearson
correlationr, = -0.68,P = 0.03). Breeding sites also decreased with distanceeapst
along Keystone Creek, but the correlation was not fgignit (Pearson correlatior, = -
0.88,P =0.12). Along the lower reaches of Red Bank Creekrevheseding site
densities were highest, large floating algal mats were iibigiin the fall, but in the
upper reaches and along tributaries, where breedingrstessparse, floating algae were

absent.

Spring males

Two general patterns of habitat use were observed amadeg.rivost frogs
(66.6%, n = 6) showed exclusive use of breeding sites. Folem restricted activities
to one breeding site, and two frogs moved between two ibgesities. One of these
frogs (A22) moved from a breeding site on Keystone Creak talternate site on Red
Bank Creek (Figure 4). The other pattern involved useesding and non-breeding
habitats. Three males primarily used non-breeding habifehese frogs generally made

at least one brief visit (< 2 days) to a breeding gite¢fore occupying non-breeding
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areas (see Al5 and A26, Figure 4). Movements between aydflean breeding sites

occurred from mid-late April, midway through the breediagson.

Spring females

Females tracked in S1 also used breeding and non-breeditgtfiahit their use
of breeding habitat was less prevalent and more varalhpared to males. Three
females (15% of all females) restricted their actisite the breeding sites where they
were initially captured. Four frogs used breeding and neaeling habitats. Three of
these frogs transitioned from non-breeding sites tadimgesites in mid- to late May,
towards the end of the active breeding season, wheye¢mained into June (e.g., A17
and A34, Figure 8). The other frog (A03) migrated betweeredimg site and non-
breeding habitat (Figure 8A). The remaining thirteen fesnalleost exclusively used
non-breeding habitats and were generally more mobildyrimftuse (< 5 days) of

breeding sites occasionally occurred.

Fall/winter females

Patterns of habitat use were variable. Ten frogs (22.&8fjcted activities to the
breeding sites where they were initially captured. &igd (13.6%) were observed using
breeding and non-breeding habitats. Five of these fregs initially captured at
breeding sites and moved to non-breeding habitat. The otigemigrated between a
non-breeding habitat and a breeding site. Twenty-thoggs §52.3% of all frogs tracked

during both fall/winter seasons) primarily used non-bmegtiabitats, eight of which
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used one locality. The remaining fifteen females vmeokile and almost exclusively
used non-breeding habitats. Breeding habitat use for imelés (11.4%, two sedentary
and three mobile) could not be determined because thelusm@gsvere not surveyed for

egg masses.

Differences between breeding and non-breeding sites

| collected habitat data at 48 breeding and 15 non-breeitiesgused by radio-
tracked frogs along Red Bank Creek during S1. Most breede®)(88%) were at run or
glide habitats, whereas non-breeding sites were ie (@Y%) or pool (13%) habitats.
Along intermittent tributaries, | collected data at 8dating and 8 non-breeding sites
(Appendix G). Glides and pools were the dominant halypestused at both breeding
and nonbreeding sites. No differences between breedihgaambreeding sites along the
main channel were revealed by MRPP analysis. Howaw&gnificant difference was
detected along Keystone Creek (Table 5). This differarasea main-effect from direct
solar insolation and duration (Table 6), which were sicguitly less at breeding sites.
Comparison between habitat types after removal cethariables resulted in no
difference between groups (MRPP: A =-0.015, T =0.312, B8 0.

During FW1 and FW2, | measured habitat variables at 10 biggadih 36 non-
breeding sites used by radio-tagdedboylii along Red Bank Creek, as well as 4
breeding and 15 non-breeding sites along tributaries. gwdfisant differences were
found between breeding and non-breeding habitats for @thke two drainage types

(Table 5).
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Table 5. Results of MRPP analyses comparing measubgdtheharacteristics at
breeding and non-breeding habitats used by radio-trdeKeal/lii in the Red
Bank Creek watershed. The statistic (A) describes wghoup heterogeneity
compared to random expectation=A when heterogeneity within groups is less

than random expectation.

Season Drainage type N A Test statistic (T) P-value
S1 Perennial 62 0.005 -0.347 0.252
S1 Intermittent 17 0.227 -3.87 *0.008
FW Perennial 46 -0.009 0.698 0.744
FW Intermittent 19 -0.034 0.591 0.666

* Statistical significance at = 0.05

Table 6. Summary of univariate analyses quantifying diffsemetween breeding and
non-breeding habitats & boylii in spring along intermittent waterways in the

Red Bank Creek watershed.

Variable Test Test Statistic P-value
Habitat type Chi-square 2.15 0.550
Stream width T-test 1.49 0.159
Mean depth T-test -1.18 0.258
Max depth T-test -0.98 0.342
Aquatic substrate Chi-square 1.42 0.840
Bank substrate Chi-square 3.64 0.060
Veg. Type Chi-square 3.06 0.420
Veg. Cover Chi-square 2.00 0.160
Direct insolation U-test -3.42 0.004
Solar duration T-test -2.65 0.008
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Terrestrial habitat use

Frogs were strongly associated with watercoursesyéguéntly used terrestrial
habitats adjacent to wetted creek channels. During 8l&srwere located on land
adjacent to surface water an average of 37.7% of theatmthidemales 65.6% of the time.
Females tracked during fall/winter seasons were logatexrestrial habitats 58.2% of
the time. Frogs were located in water on all otloeasions. Average distance from
water was < 3 m for all seasons, but adults occasyomsed terrestrial habitats 6.9-40 m
from the stream channel (Table 7). Pooled across sedlertistances moved from
perennial (n = 64, mean = 2.52 m, range = 0.05-40 m), inteninftie= 20, mean = 2.26
m, range = 0.01-40 m), and ephemeral (n = 7, mean = 8.57 ge, ¥ah 05-35 m)

drainages were similar.
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Table 7. Summary of average distance from water andmaxidistance from water
recorded for male (M) and female [R)boylii tracked in the Red Bank Creek
watershed. Sample size (N), standard error (SE), 9% loonfidence limit
(LCL), 95% upper confidence limit (UCL), and absolute maxinfivtax’) are

shown.
Average distance (m) Maximum distance (m)
Season Sex N Mean SE Range Median LCL UCL MaX
Spring M 9 1 0.16 0.58-1.85 1.45 0.95 3 6.9
Spring F 20 1.2 0.13 0.33-2.53 2.72 1.9 3.9 10.7

Falllwinter F 44 28 0.26 0.72-6.9 8.65 6.5 11.6 40
Total - 73 21 0.18 0.32-6.9 4.6 3.7 7.4 40
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Tributary use

Adult R. boylii used intermittent and ephemeral tributaries to Red Ba@&kCr
during all study seasons, but the duration and timing ovasevariable among seasons.
One male (11%) and nine females (45%) used tributaries infg@lmale (A22) was
initially captured on an intermittent tributary (Keysto@Greek), which it used for nine
days before moving to Red Bank Creek (Figure 4). Among faniddeee frogs used
intermittent tributaries for the entire tracking peridgteeding was not observed along
one of these tributaries (Abernathy Canyon Creek), wiigd prior to October,
suggesting that two of these frogs moved from Red Bank Gifeskbreeding and were
ultimately forced to return to Red Bank Creek. The ramgisix females presumably
used tributaries following breeding on Red Bank Creek [spar&iB (A17, Al4, A27
and A34) and Figure 7B (A25)]. Movements away from tribataaccurred in early to
late May, which corresponded to the end of the breedegpseand drying of these
drainages.

During the fall/winter seasons a total of sixteen fle®@~W1 = 8 and FW2 = 8,
36.4% overall) were observed using intermittent and eplatméutaries. Timing and
duration of use was variable among individuals. In Octadq@nemeral tributaries were
dry and intermittent tributaries were predominantly drgegx for small isolated pools.
Movements to tributaries generally occurred once seffiaains had fallen and these
drainages contained standing surface water or began flowingge frogs were initially

captured on an intermittent tributary (Keystone Creekl) @sed this drainage throughout
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the fall and winter. The other thirteen frogs dispersadtermittent and ephemeral
drainages [(see Figure 15 (B16), Figure 13A (B06 and B0O7), and FigBreCO8 and

C09)].

Age Estimates

Age was estimated for @2 boylii (9 males and 53 females, Table 2 and Appendices
A-C). Overall, the average age of monitored individuwads 3.9 years (range = 1.2t0 7.2
years). There was no significant difference in agev&en sexes (two-sample t-test: -
1.55,P = 0.14) or between seasons (spring vs. fall/winter)doraes (two-sample t-test:

t =-0.89,P = 0.38). Assessment of size and age effects on moveifidvwD) revealed
no significant differences among size groups (GLM ANOYA= 3, F = 0.41, P = 0.75),
age groups (df = 3, F = 0.10, P = 0.96), or size-age interadd 9, F = 1.11, P =

0.39).

Movement Triggers

Ambient weather was not a predictorRofboylii movement during S1. Univariate
tests showed no differences in ambient weather condippreceding days when
movements occurred compared to days without movemenO(B0¥. Therefore, no
further analysis was warranted.

During the fall/winter seasons, ambient weather waiedictor of frog movement
(Table 8). Correlation analysis revealed that M5AAT wasticolinear with Julian day

(rs=-0.88), ADAT {s= 0.90), ADWT (s = 0.92), and M5AWT 1 = 0.92), and that
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M5ARH was colinear with ADRHr§ = 0.77). Julian day was also correlated with CSR

(rs = 0.79). Multicolinearity among temperature measures alighJday was expected
since these variables are influenced by a net reductiadaniasolation throughout the
fall and because mean five-day averages were calcutatedifily averages. | retained
M5AAT and M5ARH for inclusion in candidate models be@atl®ey were presumed to
be the most biologically relevant variables.

Fourteen candidate logistic regression models weledaby their corrected ALKC
values and Akaike weights (Table 9). The best-ranked ncod¢dhined CSR, C3R, and
M5ARH. Based on corrected Akaike weight, there was a 58!2%ace that this was the
best model for predicting the occurrencdroboylii movement given the variables and
the data. This model was 1.2 times (20%) better thanetkiebest model, which
included M5AAT in place of C3R. All variables in the begtdel had a significant
influence on the fit of the model, with CSR showing girongest main effect (Table 10).
The estimated logit for the best fit model was:

Logit (Y) =5.61 - 0.061(C3R) - 0.019(CSR) - 0.056(M5ARH)
Table 11 shows parameter estimates for the best mdtelarea under the ROC curve
was 0.88, indicating that regardless of classificatiorpount the model was an excellent
improvement over random chance for predicting the probabilimovement and
movement was regularly associated with C3R, CSR, andR#b&rigure 16).
Examination of the sensitivity and specificity valuesufeed in an optimal cut-point of

0.55.
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Interpretation of this model indicated tHatboylii movements were associated with
humid or rainy weather. During early fall when CSR Veag (< 22 mm), frogs were not
likely to move until the first moderate rain event (C3B-19 mm) and high M5ARH (>
81%). Once CSR became moderate (22-92 mm), frogs weeelikely to move when
C3R was high (> 19 mm) or M5ARH was high. Finally, moeats were also likely to
occur once more rain had fallen at the study site (ESR mm), unless M5ARH was

low (< 52%) and C3R was less than 19 mm.
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Table 9. Candidate models developed to predict the probaifiRyboylii movement
during fall/winter in the Red Bank watershed, showingexiad AIC values

(AIC.), Akaike weight (w), and rank.

Variables AIG Wi Rank
CSR, C3R, M5ARH 68.2 0.582 1
CSR, M5AAT, M5ARH 68.5 0.501 2
CSR, M5ARH 69.9 0.247 3
CSR, C3R 70.3 0.204 4
CSR, C3R, M5AAT 72.5 0.068 5
C3R, M5ARH 4.7 0.022 6
C3R, M5AAT, M5ARH 76.0 0.012 7
M5ARH 76.6 0.009 8
CSR 77.0 0.007 9
C3R, M5AAT 78.2 0.004 10
M5ARH, M5AAT 78.4 0.004 11
CSR, M5AAT 79.1 0.002 12
C3R 83.5 0.000 13
M5AAT 87.7 0.000 14

Table 10. Results of chi-square test used to assesstistcstl significance of each
variable in the best-fit logistic regression model,vging degrees of freedom (df),
deviance, chi-square statistj¢)| and probability of type | error (P).

Variable(s) Omitted df Deviance v P

All 3 96.8 35.0 < 0.0000
CSR 1 70.6 8.7 0.0032
C3R 1 65.7 3.9 0.0486
M5ARH 1 66.1 4.3 0.0382
None 3 61.8 -- --
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Table 11. Parameter estimates for the best ranked madbtting movement k.
boylii during fall/winter in the Red Bank Creek watershed, inalgdtandard
error (SE), upper 95% confidence limits (UCL), and lo@&% confidence limits

(LCL).
Parameter Regression coefficient SE LCL UCL
Intercept 5.607 2.060 1.568 9.6450
CSR -0.061 0.047 -0.153 0.0300
C3R -0.019 0.007 -0.032 -0.0060
M5ARH -0.056 0.029 -0.113 -0.0001
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Figure 16. Receiver Operating Characteristic (ROC) curmergéed for the best logistic
regression model for predicting movemenRoboylii during fall/winter in the
Red Bank Creek watershed. Area under the curve is 0.88.
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Effects From Radio-transmitter Attachment

SomeR. boylii were injured as a result of radio-transmitter attachhmé&he
majority of frogs (62% of all frogs studied) developed injut@the skin along the area
in contact with the beaded belt. The first signsafry were detected an average of 16.6
days (N = 27, SE = 1.10, and range = 4-24) following transmnattachment. Most
injuries (68%) were minor, consisting of a depressiahenskin to mild skin
discoloration over one or both hips. Skin abrasionlacerations were more severe but
less common, accounting for 11% and 21% of the injurispectively. Belts fitted
tightly tended to cause more severe injury than thosel fittosely, however loosely
fitted belts still caused mild to moderate abrasions. &wog the belt on frogs with
moderate to severe abrasions generally resulted imerithin 7-10 days. The
frequency and severity of abrasions were comparablesetreported in most radio-
telemetry studies of anurans (Bartelt, 2000; Bartelt.e2@04; Bull and Hayes, 2001,
Griffin and Case, 2001; Holenweg and Reyer, 2000; Muths, 2003; iRatra Murphey,

1996; Richter et al., 2001).



DISCUSSION

Monitoring the movements and seasonal habitat uBeladylii in the Red Bank
Creek watershed provided insight into several aspects cfgb@es’ ecology. First,
frogs in the upper Red Bank Creek watershed used separateddiambacquire resources
for breeding, foraging, and overwintering. Second, #tentés and rates of movement |
observed were greater than previously recorded for thesespeThird, the travel routes
of R. boylii were restricted to the linear stream network. Finatlgvements were
asynchronous, but were associated with seasonal changeather. These findings

have important conservation implications for inldtddboylii populations.

Resource Acquisition

Males

Most males (66%, n =6) at Red Bank Creek generally resdriteir activities to
breeding sites during the breeding season, which suggestbdhavioral emphasis is on
acquiring mates. This high level of reproductive effort egsected because boylii
are facultative breeders (Wheeler, 2007), meaning thelinated to breeding when
stream conditions are favorable during a relativelytgheriod in spring. Of these 6
males, 4 concentrated their efforts at small terag(k 13 m stream segments) and were
faithful to individual breeding sites. The other 2 movedagndifferent breeding sites.
These individuals spent most of their time at a prinbaegding site after brief use (< 3

days) of other breeding sites and were likely undergoindgmeding movements from
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overwintering sites. However, brief stops at bregdites while dispersing to a primary
breeding site may be a strategy to increase male repingelaaccess.

The high breeding-site fidelity of males at Red BankeKn@as congruent with
that found for males at Hurdygurdy Creek in coastal nant@alifornia. At Hurdygurdy
Creek, males showed high fidelity to a focal breedirgylsitth within and between
breeding seasons (Wheeler et al., 2006), and many individaaisamed territories
throughout the breeding season (Wheeler, 2007). This tamsysbetween studies
suggests that a similar mate acquisition strategy exists1g males in coastal and inland
populations.

Three males made only brief visits (< 2 days) to breesiteg and established
activity centers at non-breeding habitats before cessat breeding activity. Because
these males showed no breeding site fidelity and spiatime at breeding sites, they
were likely unsuccessful at acquiring mates. Howeteés also possible that these frogs
departed breeding sites after successfully mating. Rldeylii aggregate and
individuals aggressively defend a breeding territory at bngeslies (Rombough and
Hayes, 2007; Wheeler, 2007). Male aggregations were obserRed &ank Creek
breeding sites. If breeding territories were limitethim sites, competition among males
could have excluded inferior or tardy individuals from bregdiites and forced them to
establish breeding territories at unsuitable habitateer#atively, maintaining a breeding
territory is presumably costly, and after mating sonadesimay choose to abandon their

breeding territory in search of better foraging opportunities
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At Red Bank Creek it appears unlikely that individual malesi dkeir primary

breeding sites after the breeding season. Despitgiaidurveys (diurnal and
nocturnal), males were not recaptured at their resebteeding sites during the
subsequent fall. This finding suggests that males ultimdeggarted breeding sites to
access feeding habitats and/or overwintering sites b&ewn the watershed. By
contrast, mark-recapture data at Hurdygurdy Creek suggesteddles remained at
breeding habitats after the breeding season to acquirarces other than mates
(Wheeler, 2007). Male departure from breeding sites hasamdly been documented
previously (Van Wagner, 1996; Wheeler et al., 2006; Yarnell, 2@0f) jts apparent
infrequency may be an artifact of the study methods (isedmark-recapture). Further
study of individual males using radio-telemetry throughowtramual cycle would

improve our understanding of their annual resource requmsme

Females

Many breeding sites at Red Bank Creek provided insufficesgdurces to support
females year-round. All females were post-reproductpen initial capture in spring,
and most (85%) were found at non-breeding habitats. Asgutimiat Red Bank Creek
femalesreproduce annually (as has been suggestdd fooylii at Hurdygurdy Creek;
Wheeler et al. 2006), these females departed breedinglsiely sifter breeding. Their
continued use of non-breeding habitats in spring and saniyner, and predominantly
unidirectional movements away from initial capture taoss, indicate that females at

Red Bank Creek generally acquired post-breeding resourgesféed, shelter, and
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basking sites) away from stream meso-habitats wheyebtieed. This finding agrees
with evidence of post-breeding dispersal by females fadocal breeding site on
Hurdygurdy Creek, California (Wheeler et al., 2006). Furtleee, the directional bias
of movements in spring suggests that females obtainpesting resources upstream
from breeding sites. The use of separate habitats taraciffierent resources (e.g.,
breeding vs. non-breeding) is known as landscape complatiee (Dunning et al.,
1992), and may be important for female resource acquisitioing spring and early
summer at Red Bank Creek.

Some females (spring = 15 % and fall/winter = 22.7 %) eelsat breeding
habitats throughout their study duration, demonstratingstirae meso-habitats supplied
a full complement of resources (i.e., mates, ovipmsisites, food, water, shelter, and
basking sites). However, because specific oviposiites siere unknown for study
frogs, it is possible that females bred at a site dtiaar the breeding site where they were
initially captured. Monitoring individuals for a complete aahcycle is required to
resolve whether some individuals are truly resident.

Despite the common use of non-breeding habitats by ppsbductive females,
the infidelity of individuals to single activity centellemonstrates that many non-
breeding habitats may supply insufficient resources. Mdbiteales (81%) commonly
moved among different non-breeding habitats throughoufpttiegsseason, using either
shifting activity centers, or moving in a nomadic fashiéimphibians move within a
habitat in relation to the spatial and temporal distrdsubdf resources across the

landscape (Pough et al., 2001). Therefore, if resourcesdvng movements and
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assuming the resource requirements (e.g., food, waskingssites, and shelter) of
females at Red Bank Creek were constant during spring, nemtsramong disjunct
habitats suggests that the abundance of at least onga@seas limited at most stream
habitats. The use of different habitat patches by indilsdwamprove acquisition of a
specific resource is called landscape supplementatiom{byet al., 1992), and may
partially explain the infidelity of females at Red Banknbn-breeding habitats.

The varied patterns of habitat use among females durenglihwinter months
demonstrates that frogs used different strategies to acmugre/intering resources based
on the provisions supplied at initial capture locationke fiigh fidelity of some females
(46.4 %, n = 20) to initial capture locations is evidence rtieny main channel habitats
could provide adequate resources to sustain females througaaainy season
(November - March). However, the common infidetifymany females (54.6 %, n = 24)
to initial capture locations implies that many stream hébiised by females in the fall
provided unfavorable overwintering resources. These froigarenove to different main
channel habitats (24.6 %, n = 11), or to intermittent andreetad tributaries (30 %, n =
13) to acquire favorable overwintering resources. Theis@éutaries coincides with
increasing seasonal rains and supports the suppositionitthédries provide protection
from high intensity surface flows and mobile sedimaemtfie main channel during the
winter months (Kupferberg, 1996; Yarnell, 2005).

Despite the variable use of habitats, the downstreasnibi@male movements
during fall/winter coincided with the increase of bregdsites downstream along Red

Bank Creek. Although the timing of these movements diccomcide with theR. boylii
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breeding season (April-June) at Red Bank Creek, this findiggests that females orient
downstream to stage at overwintering habitats (e.guténiles) closer to breeding sites.
Alternatively, the downstream bias may have beenudtresfemales being displaced
from summer foraging sites by pulse flows along thenmahannel during large rain
events.

In general, | was unable to detect a significant diffeeeaimong breeding and
non-breeding habitats using measured habitat variables (3)ablehis result conflicted
with the fact that resources at breeding sites (hates and oviposition sites) differed
from those at non-breeding sites. In addition, tte r@ajority (88%) of main channel
breeding sites were at glides and runs, whereas non-tgesiths were at either riffles
(87 %) or pools (13 %; Appendix G). My inability to detectetiénces among breeding
and non-breeding habitats at Red Bank Creek is in comtithsevidence of seasonal
shifts in habitat use reported in other studies. At Cleaek California, adult females
showed strong philopatry to pool habitats during the non-mgegason (Van Wagner,
1996). Females at Yuba River, California selected relgtdeep slow flowing habitats
(i.e., pools) or shallow fast flowing habitats (i.&fles) during the non-breeding season,
and these habitats differed from oviposition sites (¥#ra2005). Scale is an important
concept in ecology with profound effects (Wiens, 1989),thadimilarity between
breeding and non-breeding habitats at Red Bank Creek canldikattributed to an
inappropriate scale of habitat measurements to assessthace needs & boylii.
Yarnell (2005) collected fine-scale quantitative data omoh&bitat characteristics

within stream mesohabitats. Therefore, future studid.lmylii ecology should assess
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microhabitat characteristics to better understand ressumportant to post-reproductive

females.

Extents and Rates of Movements

Males

The longest movement | observed for males (578 m) durengréeding season
was similar to those previously reported. At Clear Er@&alifornia (an inland stream)
males moved upwards of 408 m (Van Wagner, 1996), and at HurdyGuedig,
California (a coastal stream) the longest movemest368 m (Wheeler et al., 2006).
Despite consistency in results between studies, |torea males for a relatively short
time frame (25 days) compared to the other studies (Manoh).J These movements
presumably underrepresent actual seasonal movement¢esfah&ed Bank Creek.
Furthermore, based on the finding that average distanged{épril 10-May 25) was
equal between sexes, males at Red Bank Creek likely makémeding movements

comparable to females.

Females

The median (525 m) and maximum (7,043 m) distance traveléshigles during
spring at Red Bank Creek were considerably greater theamdées reported by other
studies. During the “pre-spawning/spawning” season at Cleak@eboylii moved 54
m on average, with a maximum movement of 450 m (Van Wa@866). Femalest

Hurdygurdy Creek had mean and maximum movements of 213 m amd, 446
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respectively (Wheeler et al., 2006). Finally, a radiomeley study on the Feather River

(an inland regulated river in northern California) repdnnovements up to 1,899 m
during the pre-spawning season (Drennan et al., 2006). Tiagéiaain movement
extent between studies may be a result of differeircéne spatial and temporal
arrangement of resources. However, differences isttidy methods (radio telemetry
vs. mark-recapture), timing (pre-breeding vs. post-breedamg) duration of time when
individuals were studied undoubtedly contributed to differeacesng studies. The use
of radio telemetry likely had the strongest effectidferences, because unlike mark-
recapture, this technique ensures scheduled resighting oflmaliy and can capture
movements without a predefined spatial extent.

In the Red Bank Creek watershed, the median (333 m) andnonax{3,693 m)
distances moved by females during the fall/winter seasens also greater than
distances reported fét. boylii elsewhere. The only study to investigate the movesnent
of females during the “non-spawning season” found that frangedless than 27 m and
those “non-spawning” movements were less than “pre-sipavspawning season”
movements (Van Wagner, 1996). By contrast, | found rferdifice in median distances
traveled by females between seasons. Since Van WEIH88) had a restricted study
area (a single 800 m linear stream segment), he waseuicaddtect movements to
adjoining tributaries or beyond the search area, whiocbrid to be common. The
fall/winter movements | observed illustrate tRaboylii at inland watersheds can make

extensive movements to overwintering sites during timy iseason (November-January).
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The maximum travel rates (males = 407 m/day and fermrale886 m/day) foR.

boylii in this study demonstrated that this species can tfastelr than previously
thought. Drennan et al. (2006) reported maximum raté2®in/day for males and 317
m/day for females dispersing to breeding sites at thin€&eRiver. Travel rates recorded
for a population at Clear Creek reported maximum travesraf 42 m/day for males and
46 m/day for females (Van Wagner, 1996). Again, the appdiéetences in rates of
travel between this and other studies are presumabguli of different methods (radio
telemetry vs. mark-recapture) and timing (pre-breeding v$-lwesding) in each study.
My results also suggested that movement rates maydxedfby the direction of
travel. The maximum rate reported for a frog moving neéash (355 m/day) was about
25% of the maximum downstream rate (1,386 m/day). Thidtiegulies that upstream
movement is energetically more expensive than tragelownstream, and when
dispersing upstream frogs generally travel 100 m/day. ntrast, rates of downstream
movement could have been influenced by surface flow, andomaystrategy frogs use

to conserve energy.

Movement Routes

Rana boylii has been considered a highly aquatic frog, seldom found tinan a
few meters from water (Kupferberg, 1996; Stebbins, 2003; Ziv&é®&5). However,
anecdotal observations Bf boylii 50 m (Nussbaum et al., 1983) and 100 m (Welsh, H.
H. per. comm.) from the stream channel have led touppasition that postmetamorphic

frogs use upland habitats during the winter months. Althohighmay be true for coastal
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populations, | found no evidence that adults disperse uplaRedaBank Creek. Adults
generally restrict their activities to within 2 m fronat@rcourses among seasons.
Therefore, upland habitats were not usedRblyoylii as dispersal corridors, as commonly
reported for many lentic-breeding anurans (Bartelt, 2000; Hoslgkiand Hero, 2001;
Lemckert and Brassil, 2000), and adults of this species asamably restricted to
movement along the stream network. However, uplandaiabit2 m may still be
important for somd. boylii during extreme weather events. Maximum lateral
movements of 7-40 m coincided with relatively large prieatijopn events, and suggest
that some frogs use upland habitats briefly as an altesretrategy to avoid scouring

flows.

Movement Phenology

The asynchrony of movements amdidoylii during all study seasons was
consistent with the findings of other studies on amphimamement (Paton and Crouch,
2002; Paton et al., 2000; Regosin et al., 2005; Timm et al., 200 ppnd-breeding
amphibians, temporal segregation of movement has begested as a strategy to avoid
intraspecific competition and predation pressures (Bl&6,1; Wilbur, 1972; Wilbur,
1980). However, unlike lentic species where individuals teraygregate at isolated
habitat patchesk. boylii habitat is arranged as a continuous linear network, taiRdd
Bank Creek individuals were scattered. Thereforespiagial arrangement & boylii
habitats may have limited intraspecific competition pretlation pressures, and the

asynchrony in movement | observed may be caused byigariatresource provisions at
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the diverse mesohabitats (i.e., riffles, runs, glided,@ols) used by frogs. For example,
habitats with more constant and abundant resourcehaweydelayed movement,
whereas, limited resources at other habitats could havepped early movement once
resources became scarce.

My findings that ambient weather influence the phenolofgy. boylii movement
provide further support of resource mediated movement irstilndy. Specific ambient
weather conditions (i.e., wet and humid conditionsjeased the probability of frog
movement in the fall/winter. However, little movembafter the first rains in early fall
and frequent movement during desiccating ambient weatlserimg suggested an
indirect association. Frogs neglected to move dieefitst fall rains likely because these
storms supplied insufficient rain to increase surfacedland change habitat quality (i.e.,
resource availability) at areas occupied by study frode ificreased probability &
boylii movement after 22 mm of rain seemed to be a thr@shohe Red Bank Creek
watershed. Rain above this threshold led to increasedaflong Red Bank Creek and
restored surface flow to intermittent and some ephertidataries. The chronology of
increased stream discharge on the main channel apparedty some habitats
previously occupied bR. boylii unfavorable (e.g., submerged basking sites or refugia)
and may be the factor causing the movement phenoladg ifall/winter. The
phenology of spring movements also appeared to be a disgrinse to changes in
habitat quality. However, in this case habitat changdtegsfrom a loss of water, as
illustrated by those frogs that moved from remnant poplgibutaries to the main

channel. Receding flows also changed main channel habitatgghout this study



72

season, but the specific change in resource provisians f@d and shelter) that
prompted these movements remains unclear.

The positive association of amphibian migrations widt alimatic conditions is
often attributed to their thin permeable skin and regulipendence on moist
environments to ameliorate evaporative water loss (Stebhth€ohen, 1995). In this
study however, aduR. boylii commonly moved during hot dry conditions. Frogs
ameliorated the risk of moving during desiccating conditlmnsestricting travel routes
to the drainage network where moist microclimates weadable, even along dry stream
segments where substrates were saturated by hypoirbeisijbsurface) flows. This
behavior is one example of hd¥vboylii has adapted to the dynamic hydrology of

watersheds throughout the inland foothills of its range.

Conservation Implications

The movements dR. boylii at Red Bank Creek indicated that this population
operates at the watershed-scale because frogs used awelg of habitats during
relatively short periods of time (~ 2 months) and mowesvben main channel and
tributary habitats. These findings support the implememtatf whole water-catchment
management strategies (Saunders et al., 2002) for spengesation throughout inland
portions of the range. These strategies are desigmaditbain dynamic natural fluvial
processes and recognize the need to understand cumulativ ehfzand use throughout
the watershedThe operational scale & boylii should not be inferred from other

studies that used scale-dependent techniques (i.e., VES dndecapture) confined to
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single linear main channel study reaches, because oastdependent amphibian
studies cover areas too small to capture a species’ neswerapabilities and population
structure (Smith and Green, 2005).

The wide variety of spatially disjunct habitats (inchglintermittent and
ephemeral tributaries) used at both individual and populéticels emphasize the
ecological value of habitat heterogeneity for post-répotive resource acquisition (e.g,
food, shelter, and overwintering) at Red Bank Creek.h Higterogeneity is also an
important factor purported to support larger populatioriR. @bylii in the Yuba River
watershed (Yarnell, 2005). Unregulated rivers and streaensaturally heterogeneous
and dynamic environments (Vannote et al., 1980; Ward, 1989)easeegulated
streams and rivers are relatively homogeneous (Hampton).1BBhagers of rivers
with regulated flow regimes should therefore adopt mamage strategies that mimic the
natural dynamics of unregulated local rivers and stseahtis type of strategy has been
proposed for the conservationRfboylii egg masses and larvae (Lind et al., 1996).
Additional evidence on the potential benefits affordeddolt life stages stresses the
importance of natural fluvial processes to support viRblaylii populations.

The upstream directional bias®Rfboylii movements at Red Bank Creek could
also help assess the extent of potential impacts to sulapiops from proposed projects.
Several land use practices (e.g., urbanization, livest@@ing, road construction, water
impoundments, gravel mining, agriculture, and wildfiresy mdversely impact water
quality and aquatic habitats in the Westside Sacrament&r Ributaries (Yee, 2004).

Such land use practices may clearly imgadioylii that use habitats downstream from a
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project area. However, the seasonal upstream biastamt efR. boylii movements
(7,043 m) is evidence that activities within a watercouogddcalso have far reaching
impacts on individuals partially dependent on upstream habifeherefore, impact
assessments for projects and management activitiesdyadlter natural stream
processes should use a radial footprint of at least ukrounding project boundaries to
include upstream watercourses, when consideration ia g boylii. A footprint of
this size and shape would provide a more realistic unddistaof the population
segment likely impacted by landuse activities.

Empirical data on the use of upland and tributary habit& bgylii permits
assessing the effectiveness of riparian buffers @ggipment exclosure zones [EEZ],
equipment limitation zones [ELZ], and watercourse laké protection zones [WLPZ])
for protecting habitats used by this species. For exampdr the California Forest
Practice Rules (FPRs) perennial fish-bearing streams (lass I) are afforded the most
protection (75-150 foot buffer widths), non fish-bearingastie with aquatic life (i.e.,
Class Il) receive less protections (50-100 foot buffer zadéh)y and streams capable of
sediment transport to Class | and Il waters without égjlite are given the least
protections (25-50 foot buffer widths) (CDFFP, 2008). My figdinat adult individuals
will use all types of watercourses (Class I, Il, amddut rarely move > 11.6 meters (38.1
feet, 90% upper confidence limit) from watercourses at Bank Creek supports that the
current minimum buffer widths for Class | (75 feet =8&meters), Il (50 feet = 15.24
meters), and Il (25 feet = 7.62 meters) watercoursegg® some protection to core

terrestrial habitats for aduR boylii in the Red Bank Creek watershed.
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Frogs that disperse to tributaries rarely move to taiess nearest to their initial
capture location, but they often move to one of tieifdermittent streams habitats in
the Red Bank Creek watershed. This finding suggests tleamittent streams provide
more favorable overwintering resources compared to ephaémmbutaries. These
drainages should therefore receive increased protectimamaged watersheds. Efforts
should be made to maintain their natural fluvial proegsBor example, the construction
of stock ponds along intermittent drainages should b&ledo This restriction would
help maintain contiguous movement corridors for thoset@dsing both main channel
and tributary habitats. This would also minimize the piiéfor increased density and
distribution of bullfrogs, an introduced predatoiRoboylii (Moyle, 1973).

The maximum distance (7,043 m), maximum rate (1,386 m/day)seasonal
biases of aduR. boylii movements in the Red Bank Creek watershed could bewsed t
understand the potential impact of infectious diseasesnwatidl among populations.
Chytridiomycosis is an emerging infectious disease gfralbians caused by a fungal
pathogen Batrachochytrium dendrobatidis) that has been attributed to population
declines and extinctions (Daszak et al., 20@trachochytrium dendrobatidis has been
detected in California populations &f boylii (Fellers, 2005) and its potential spread is a
conservation concern. Knowledge of the movementslwif R. boylii in the Red Bank
Creek watershed could help develop realistic models to infiassease control strategies

for infected populations.
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Appendix A. Morphometrics, age, and fateRoboylii radio-tracked during S1 in the
Red Bank Creek watershed, including sex (M = male, F al@mnumber of
locations (N), study duration, weight, snout-urostglegth (SUL), mass %, age,

and fate.
FrogID  Sex N Study duratioweight  SUL Mass % Age Fate*
(days) (@  (mm) (years)

A01 F 30 61 375 73.3 4.0 3.8 Released
A02 M 19 31 15.7 56.0 5.7 3.8 Lbst
A03 F 35 64 27.8 67.5 55 1.8 Released
AO4 F 28 51 36.7 73.7 4.0 4.8 Released
AO05 F 11 16 35.0 73.0 4.0 - Prey
A06 F 17 29 32.0 67.0 4.7 2.8 Lost
A07 F 32 62 28.0 67.0 6.0 4.8 Lost
A08 M 14 22 13.0 54.0 7.0 6.8 Pfey
A09* M 1 1 18.0 55.0 5.0 - Préy
A10**  F 9 22 20.0 61.0 8.0 - Prey
All F 21 52 31.3 71.0 5.0 4.8 Released
Al12 F 26 50 29.5 62.5 55 5.8 Ptey
A13 F 30 51 27.8 66.0 55 3.8 Released
Al4 F 29 49 20.3 62.0 5.0 4.8 Released
A15 M 16 28 14.0 50.5 6.5 4.8 Released
Al16 M 16 28 11.8 50.0 7.5 2.8 Released
Al7 F 17 52 20.8 59.5 4.5 2.8 Lbst
A18 M 16 27 12.3 48.0 7.3 6.8 Released
A19** M 4 8 15.0 51.0 6.0 - Préy
A20 F 16 31 29.7 65.0 3.0 5.8 Released
A21 F 14 23 18.2 59.0 5.4 2.8 Released
A22 M 14 23 15.6 55.0 6.6 3.8 Released
A23 F 14 36 23.6 63.3 4.2 1.8 Released
A24 F 17 70 31.3 68.7 3.0 2.8 Released
A25 F 11 28 17.8 55.3 5.0 2.8 Released
A26 M 15 26 11.3 46.5 7.8 3.8 Released
A27 F 22 38 25.0 64.0 6.5 3.8 Released
A28 F 11 26 14.7 53.5 6.0 3.8 Released
A29 F 13 64 33.0 67.7 3.0 3.8 Released
A30 M 11 22 14.0 52.0 6.5 3.8 Released
A31**  F 4 6 28.0 69.0 6.0 - Prey
A32*  F 8 15 24.0 62.5 4.0 1.8 Lost
A33 M 12 20 14.0 51.5 6.0 5.8 Released
A34 F 17 29 22.5 60.5 7.0 - LGst

Mean: - 18 38 22.6 60.6 5.5 4.1 -

! Lost due to dropped signall.ost due to beaded belt failurel.ost due to beaded belt
failure but recaptured within study seasbRredation byrhamnophis atratus, °
Predation by unknown predat6Predation byRana catesbeiana.

** Frogs not included in season means due to low number didoss(i.e., < 10).
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Appendix B. Morphometrics, age, and fatéRoboylii radio-tracked during FW1 in the
Red Bank Creek watershed, including sex (M = male, F al@mnumber of
locations (N), study duration, weight, snout-urostglegth (SUL), mass %, age,

and fate.
Frog ID Sex N Study Weight SUL Mass % Age Fate*
duration  (Q) (mm) (years)
(days)

A03 F 20 64 412 720 38 2.2 Lokt
B02 F 14 50 436 730 4.0 3.2 Released
BO3 F 18 50 300 660 50 2.2 Released
B04 F 18 50 315 670 53 3.2 Released
BO5 F 18 54 25.5 63.0 6.2 2.2 Released
BO6 F 19 5/ 333 680 50 6.2 Released
BO7 F 24 102 270 630 59 6.2 Released
BO8 F 18 54 310 665 5.0 2.2 Released
B09 F 18 54 270 630 58 5.2 Released
B10** F 1 1 290 650 6.0 Prey
B11 F 15 53 288 650 54 @~ Lost'
B12 F 17 54 239 607 4.0 3.2 Released
B13 F 17 53 394 700 4.0 6.2 Lot
B14 F 18 54 37.7 69.5 4.2 N Released
B15 F 18 54 385 69.0 4.0 3.2 Released
B16 F 16 54 321 683 50 3.2 Released
B17 F 15 54 272 630 55 1.2 Released
B18 F 15 54 298 635 52 3.2 Released
B19 F 25 9 363 703 44 7.2 Released
B20 F 18 52 233  60.3 43 4.2 Released
B21 F 15 51 308 670 50 Released
B22** F 6 21 265 67.0 6.0 3.2 Lot
B23 F 15 53 262 620 58 3.2 Released
B24 F 14 52 336 675 48 7.2 Released
B25 F 11 32 405 685 4.0 3.2 Released
B26 F 12 42 410 685 4.0 5.2 Released

Mean: - 17 56 32 66 5 3.9 ~

! Lost due to beaded belt failufel.ost due to slipped beft,Predation byrhamnophis
atratus.
** Frogs not included in season means due to low number didoss(i.e., < 10).
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Appendix C. Morphometrics, age, and fatdroboylii radio-tracked during fall
2005/winter 2006 in the Red Bank Creek watershed, including sexr(idle, F -
female), number of locations (N), study duration, weighbut-urostyle length
(SUL), mass %, age, and fate.

Frog ID Sex N Study Weight SUL Mass% Age Fate*
duration (9) (mm) (years)
(days)

BO5 F 23 55 38.6 71.8 42 3.2 Released
B15 F 15 52 41.7 70.1 2.0 4.2 Released
co1 F 20 55 30.2 65.8 5.3 3.2 Released
CO3** F 4 10 23.0 63.0 6.0 - Prey
Co4 F 22 59 25.5 61.5 6.0 3.2 Lot
CO05 F 17 S8 34.0 66.3 4.2 2.2 Lot
Co06 F 20 55 31.3 65.2 5.0 2.2 Released
co7 F 15 36 24.0 60.8 6.5 - Lost
cos8 F 21 55 23.8 60.0 6.3 2.2 Released
Co09 F 16 56 39.5 69.8 4.0 4.2 Released
C10 F 20 54 37.2 66.5 4.0 3.2 Released
C11 F 18 56 29.0 63.7 5.2 3.2 Released
C12 F 21 112 33.1 68.6 4.7 3.2 Pray
C13 F 23 113 29.1 63.6 5.1 4.2 Released
C14 F 20 59 25.7 62.8 5.0 2.2 Released
C15 F 21 113 27.8 62.8 5.7 4.2 Released
C16 F 21 113 28.5 62.9 5.4 2.2 Released
C17 F 21 112 25.7 62.2 5.9 1.2 Released
C18 F 24 112 28.6 63.7 4.9 4.2 Released
C20 F 25 87 24.0 60.1 4.4 3.2 Released
ca21+ F 1 1 31.0 64.0 5.0 - Prey
c22 F 11 42 36.8 67.3 4.0 - Losf

Mean: - 20 73 31 65 5 3.1 .

! Lost due to beaded belt failufel.ost due to beaded belt failure but recaptured within
study seasor,Lost due to slipped belt,Predation byrhamnophis atratus, > Predation

by unknown predator.

** Frogs not included in season means due to low number didoss(i.e., < 10).
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Appendix D. Summary of movement data; showing sex, nuofidecations (N), study
duration, date range, cumulative distances (CD), netdistance (NWD), net
displacement (ND), movement pattern (M = mobile, &dentary), and resource
use (P = perennial, | = intermittent, E = ephemeral)Rana boylii radio-tracked
during S1 in the Red Bank Creek watershed.

FrogID Sex N  Study duratior Date range* CD NWD ND Movemeni Resource
(days) (m) (m) (m)  pattern use

A01 F 30 61 4/10-6/10 7043 7043 6169 M P>I>E>P
A02 M 19 31 4/10 - 5/11 43 3 3 S P
A03 F 34 57 4/10 - 6/6 630 286 6 M P>P
AO4 F 28 51 4/10 - 5/31 424 130 130 M P>pP
AO5" F 11 16 4/11 - 4/27 416 382 382 M P>pP
A06 F 17 29 4/11 - 5/10 678 542 542 M P>pP
AO07 F 32 62 4/11-6/12 3851 3669 3669 M P>pP
AO8N M 14 22 4/11 - 5/3 215 149 -149 M P
AQ" M 1+ 1 4/12 - 4/13 0 0 0 - -
Al0" F O** 13 4/12-4/25 80 2 2 S P
All F 21 52 4/12 - 6/3 1666 1654 1654 M 1>
Al2n F 26 50 4/3 - 5/23 694 458 458 M P>p
A13 F 30 51 4/16 - 6/6 128 2 -2 S P
Al4 F 29 49 4/17 - 6/5 1026 501 -40 M P>I>P
A15 M 16 28 4/17 - 5/15 185 149 -149 M P
Al6 M 16 28 4/17 - 5/15 91 13 -13 S P
Al7 F 17 52 4/18 - 6/9 423 379 223 M P>|
A18 M 16 27 4/18 - 5/5 132 72 72 M P>pP
Al M 4** 8 4/19 - 4/27 95 95 -95 M P>pP
A20 F 16 31 4/23 - 5/24 92 2 2 S P
A21 F 14 23 4/24 - 5/17 678 627 627 M 1>
A22 M 14 23 4/24 - 5/17 628 578 -578 M I>P
A23 F 14 36 4/24 -5/30 2634 2386 2386 M P>pP
A24 F 16 49 4/24 - 6/12 3882 3610 3610 M P>pP
A25 F 11 28 4/25-5/23 1463 1441 1441 M P>I
A26 M 15 26 4/25 - 5/21 594 548 -548 M P>pP
A27 F 22 38 4/26 - 6/3 556 508 184 M I>P
A28 F 11 26 4/26 - 5/22 86 14 -14 S I
A29 F 11 19 4/27 - 5/16 57 9 9 S P
A30 M 11 22 5/2 - 5/24 48 8 -8 S P
A31N F 4** 6 5/2 - 5/8 166 166 166 M P>
A32 F 8r* 15 5/2 - 5/17 393 373 3713 M >
A33 M 12 20 5/4 - 5/24 20 2 2 S P
A34 F 17 29 5/4 - 6/2 318 272 272 M I>P

Median 16 29 424 333

(min. - max) (11-34)  (16-62) (20-7043) (2-7043) B B

* Includes days tracked and incidental recapture(s). ** Frognohtded in median due
to low number of locations (i.e., < 10). * Animals ldse to predation events.
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Appendix E. Summary of movement data; showing sex, nuafldecations (N), study
duration, date range, cumulative distances (CD), netdistance (NWD), net
displacement (ND), movement pattern (M = mobile, &dentary), and resource
use (P = perennial, | = intermittent, E = ephemeral)Rana boylii radio-tracked
during FW1 in the Red Bank Creek watershed.

Frog ID Sex N Study Date range* CD NWD ND Movement Resource
duration (m) (m) (m)  pattern use
(days)
A03 F 19 51 10/4 - 11/24 177 17 17 S P
B02 F 14 50 10/5 - 11/24 831 475 475 M >
BO3 F 18 50 10/5 - 11/24 344 254 254 M P>p
B0O4 F 18 50 10/5 - 11/24 159 21 21 S P
BO5 F 18 54 10/6 - 11/29 75 1 1 S P
B06 F 19 57 10/6 - 12/2 1610 1483 -1048 M P>l
BO7 F 24 102 10/6 - 1/16 2931 2861 2861 M P>I>E
BO8 F 18 54 10/7 - 11/30 67 32 32 S P
B0O9 F 18 54 10/7 - 11/30 162 8 -8 S P
B10O~ F 1* 1 10/7 - 11/8 - - - - -
B11 F 15 53 10/7 - 11/29 527 527 527 M P>p
B12 F 17 54 10/8 - 12/1 239 104 105 M P>P
B13 F 17 53 10/8 - 11/30 213 185 185 M P>p
B14 F 18 54 10/8 - 12/1 146 8 -8 S P
B15 F 18 54 10/9 - 12/2 123 9 -9 S P
B16 F 16 54 10/9 - 12/2 273 147 125 M P>E
B17 F 15 54 10/9 - 12/2 55 23 23 S P
B18 F 15 54 10/9 - 12/2 306 266 266 M P>P
B19 F 25 99 10/9 - 1/16 3593 3543 -2899 M P>l
B20 F 18 52 10/10 - 12/1 468 384  -384 M P>p
B21 F 15 51 10/10-11/30 3771 3693 -3693 M P>P
B22 F 6** 21 10/10 - 9/31 741 741 741 M P>pP
B23 F 15 53 10/11-12/3 562 466 466 M P>E
B24 F 14 52 10/23 - 12/14 212 158 158 M 1>l
B25 F 11 32 11/1 - 12/3 156 96 96 M 1>l
B26 F 12 42 11/2 - 12/14 104 12 12 S P
B30 F 3** 49 10/6 - 11/24 1602 1602 1602 M
Median 18 54 226 153
(min. - max) (11-25) (32-102) (55-3771) (1-3693) - -

* Includes days tracked and incidental recapture(s).

** Frog not included in median due to low number of locagigi.e., < 10).
A Animals lost due to predation events.
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Appendix F. Summary of movement data; showing sex, nuofdecations (N), study
duration, date range, cumulative distances (CD), netdistance (NWD), net
displacement (ND), movement pattern (M = mobile, &dentary), and resource
use (P = perennial, | = intermittent, E = ephemeralRéma boylii radio-tracked
during fall 2005/winter 2006 in the Red Bank Creek watershed.

Frog ID Sex N dﬁgggn Date range* gnD) N(Vn\]/? z\lmD) Mg;tetg]rinl Rejggrce
(days)

BO5 F 23 55 10/7 - 12/1 170 0 0 S P
B15 F 15 52 10/10-12/1 151 15 -15 S P
co1 F 20 55 10/7 - 12/1 334 244 244 M P>
co3n F 4** 10 10/8 - 10/18 24 6 -6 S P
co4 F 22 59 10/7 - 12/5 650 582 -472 M P>E
C05 F 17 58 10/7 - 12/4 62 2 2 S P
Co06 F 20 55 10/8 - 12/2 192 80 48 M P>E
cov7 F 15 36 10/8 - 11/13 160 2 2 S P
cos F 21 55 10/8 - 12/2 1406 1334 106 M P>I>E
Co09 F 16 56 10/10 - 12/5 1399 1285 -1255 M P>I
C10 F 20 54 10/9 - 12/2 111 5 5 S P
C11 F 18 56 10/9 - 12/4 415 281 281 M P>E
C12 F 21 112 10/9 - 1/29 99 31 -31 S P>P
C13 F 23 113 10/8 - 1/29 295 60 5 M P>P
Ci14 F 20 59 10/8 - 12/6 823 729 -667 M P>
Ci15 F 21 113 10/8 - 1/29 165 7 7 S P
C16 F 21 113 10/8 - 1/29 84 2 -2 S P
C17 F 21 112 10/9 - 1/29 182 28 28 S P>P
C18 F 24 112 10/9 - 1/29 399 131 -15 M P
C20 F 25 87 10/10 - 1/5 175 20 20 S P
c21n F 1%+ 1 110(;/1290' - - - -
Cc22 F 11 42 10/21-12/2 68 4 4 S P

Median 21 57 179 46 B B

(min. - max.) (11-25) (36-113) (62-1406)(0-1334)

* Includes days tracked and incidental recapture(s).

** Frog not included in median due to low number of locagigi.e., < 10).
A Animals lost due to predation events.
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Appendix G. Characteristics of breeding (B) and non-lnge@NB) habitats used y.
boylii during S1 in the Red Bank Creek watershed.

Red Bank Creek Intermittent creeks

Habitat Variable B NB B NB
Number of sites 48 15 9 8
Stream width (m)

Mean 6.41 5.60 2.10 1.70

SE 0.21 0.31 0.16 0.16

Range 4-10 4-7.6 1.5-3 1-2.6
Mean water depth (m)

Mean 0.32 0.15 0.12 0.20

SE 0.01 0.01 0.03 0.07

Range 0.08-0.6 0.09-0.24  0.02-0.03 0.0-0.58
Max water depth (m)

Mean 0.31 0.25 0.21 0.30

SE 0.02 0.02 0.05 0.08

Range 0.1-0.76 0.17-0.49  0.05-0.52 0.11-0.76
Avg. insolation (WH/pixel)

Mean 4670 4710 4395 4620
SE 18 20 52 68
Range 4324-4829500-4848 4166-4538 4166-4749
Avg. solar duration (Hours/month)

Mean 389 396 353 388
SE 3 2 6 9
Range 338-407 2.4-374 332-377 356-410
Vegetative Cover (%)

Median 0 0 0 41
Range 0-51 0-63 0-57 0-50
Stream habitat (%)

Riffle 13 87 11 13
Run 45 0 11 0
Glide 43 0 44 25
Pool 0 13 33 63
Aquatic substrate (%)

Soll 0 0 0 0
Sand 4 0 11 25
Gravel 28 7 44 38
Cobble 49 27 33 38
Boulder 13 20 0 0
Bedrock 6 47 11 0
Bank substrate (%)

Soll 13 7 56 38
Sand 11 13 0 0
Gravel 11 0 0 0
Cobble 17 13 0 38
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Boulder 15 40 0 0

Bedrock 33 27 44 25
Riparian Vegetation (%)

Herbs 53 87 56 50

Understory 15 13 33 13

Midstory 23 0 11 13

Overstory 9 0 0 25
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