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ABSTRACT

Arctic GraylingThymallus arcticusn Montana have experienced declines in
abundance and distribution over the last centuhychvcontributed to the species being
designated as a Species of Concern and petitiemgadtection under the Endangered
Species Act. Conservation of Arctic Grayling i tBig Hole River watershed was based
on presumed environmental influences. Interactwitis nonnative species, increasing
stream water temperatures, drought, and habitxaéilbns are suggested to influence
Arctic Grayling abundances, although sparse quaivé information exists to support
these hypotheses. My objective was to evaluatentheence of these biotic and abiotic
factors on Arctic Grayling abundances using dateecied in the Big Hole River
drainage from 1983 through 2015. Arctic Graylimglaonnative salmonids were
sampled at 32 sites, stream temperature data wteeted at 33 sites, stream discharge
data were collected at 21 sites, and habitat data wollected at 441 sites. Ordinary
least squares and quantitex0.90) regression analyses were used to evdlate
relationships among Arctic Grayling catch per w@fiort (CPUE), nonnative salmonids
CPUE, stream temperature, stream discharge, anhhatndition. The strongest
univariate relationship was a positive correlati@tween the CPUE of Arctic Grayling
age 1 and Brook Tro&alvelinus fontinali€PUE ¢ = 0.55,N = 77), which was contrary
to thea priori predicted relationship. Multivariate analysesgasgged that high water
temperatures and low discharges during droughtitond have the greatest limiting
influences on the CPUE of Arctic Graylirgage 1; Brown Trout CPUE, low water
temperatures, and high maximum discharges weresstgas having the greatest
limiting influences on age-0 Arctic Grayling CPURy findings support current
management to increase discharge during drouglditcmms and further explore
relationships between Arctic Grayling CPUE, habdatditions, and Brown Trout
CPUE.
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1. INTRODUCTION

In North America, Arctic Grayling hymallus arcticusvere historically
distributed throughout Alaska and northern Canaést wf the Hudson Bay; two disjunct
southern populations were also present within gEeuMissouri River Basin and
Michigan (Figure 1; Vincent 1962; Northcote 199%).Michigan, Arctic Grayling
inhabited the major watersheds north of the Rifi@ @ hite rivers in the southern
peninsula and the Otter River in the northern parian(Nuhfer 1992). Currently,
populations in Alaska and Canada are widespredadnhnoy have experienced declines in
abundance and distribution in recent years (Mad®meet al. 2012). Arctic Grayling in
the Missouri River Basin have been reduced toietated populations in Montana that
occupy less than 5% of the historical range (Ke8@2&a; FWP and USFWS 2006;
Peterson and Ardren 2009), and the species wapabed from Michigan in the 1930s
(Vincent 1962; Kaya 1992b).

Interactions with nonnative species, increasintew#&mperatures, drought and
habitat alterations have been hypothesized to ratic Grayling populations (Murphy
and Koski 1989; Jorgenson and Joyce 1994; ASRD;200&Il 2006; FWP and USFWS
2006; MacPherson et al. 2012; Hackshaw et al. 20Rd@vious research evaluated the
influence of related biotic or abiotic factors orcAc Grayling (Hubert et al. 1985;

Liknes and Gould 1987; Skaar 1989; Shepard and [@sl#89; McMichael 1990; Lohr
et al. 1996; Byorth and Magee 1998; Hackshaw éCdl4). Whereas these studies have
expanded on the knowledge of Arctic Grayling ecglagyaluating biotic and abiotic

factors concurrently is important to understandfdotors that influence variation in
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population abundance (Power et al. 1988), partiukeecause management actions for
Arctic Grayling typically influence, either diregtbr indirectly, those biotic and abiotic
conditions. For example, management actions thptaved riparian habitat and
mitigated drought conditions for Arctic Grayling upper Big Hole Watershed, MT were
hypothesized to contribute to an increase in thehgaer unit effort (CPUE [fish/km]) of
sympatric nonnative salmonid species in 10 sampkaghes (A. McCullough, Montana
Fish, Wildlife and Parks, unpublished data).

In Montana, Arctic Grayling are a Species of Cond&WP 2013) and have been
considered for protection under the Endangeredi&péct since 1982 (FWP 2013;
USOFR 2014). Declines in the abundance and digioib of the Big Hole River
population were initially observed in the early 0898Kaya 1992b), which initiated an
ongoing collaborative conservation effort amongestand federal agencies, universities,
non-governmental organizations, and private landos/(FWP 2013). Conservation
management for the Big Hole River population haanharedicated on the hypothesized
negative influences of nonnative salmonid specitactions (e.g., competition,
predation, or both), increased stream temperatedeiced stream discharge, and
degraded habitat on Arctic Grayling abundance (K320, 1992b; FWP and USFWS
2006). Conservation actions during the late 12@0ssisted primarily of measures to
increase stream discharge (i.e., stock-water tanéisncentive programs to reduce
irrigation withdrawals) and improve the conditioinstream and riparian habitats. In
2006, the Candidate Conservation Agreement withukssges for Fluvial Arctic

Grayling in the Upper Big Hole River (CCAA) programas established to facilitate
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conservation actions on non-federal property (FWéASFWS 2006). The CCAA
program was permitted by the U.S. Fish and Wildi&vice through 2026. Currently,
30 participating landowners have enrolled aboud®2 ha in the CCAA program
(USOFR 1999; FWP and USFWS 2006). The number ofag@ment actions
implemented and resources allocated to supporeceatson efforts have increased
considerably through the CCAA program (i.e., ainested 400 projects and US $6
million from 2006 through 2014; Montana Fish, Wildl& Parks, unpublished data).
Specifically, minimum discharge targets (July thgbuctober) were established at five
locations on the Big Hole River (i.e., 0.57 cubietars per second [CMS] at Miner Lakes
Road; 1.13 CMS at Little Lake Creek Road; 1.70 CM8lighway 43 near Wisdom,
MT; 2.83 CMS at Mudd Creek Bridge; and 4.81 CM®#akie Bridge; FWP and
USFWS 2006); properties owners enrolled in the CQdgram are required to reduce
irrigation withdrawals in accordance with propestyecific water conservation
agreements when discharge levels in the Big HokerRiecline below minimum targets.
Property owners enrolled in the CCAA program ase aéquired to manage riparian
habitats sustainably as defined by the Natural Bess Conservation Service (NRCS)
riparian assessment method (NRCS 2004; FWP and $SEW6). Additionally, a
watershed-wide drought management plan encouragdswners, including those not
enrolled in the CCAA program, to reduce irrigatisithdrawals when discharge levels
decline below targets that were established atl@igations on the Big Hole River
(Wisdom, MT, Dickie Bridge, Maiden Rock Fishing Asss Site, Notch Bottom Fishing

Access Site, and confluence with the Jeffersoni RBEWC 2014) —a complete
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description of the drought management plan is alskélfrom the Big Hole Watershed
Committee.

The direct and relative benefits of the conseovatictions outlined above for
Arctic Grayling and sympatric nonnative salmoniéaps remain unclear. For example,
do conservation actions that increase stream digelturing drought conditions relate to
an increase in Arctic Grayling abundance? Andpifdo conservation actions that
increase stream discharge relate to a greateraisera Arctic Grayling abundance than
conservation actions that improve the conditiostofam and riparian habitats? A better
understanding of the relationships among Arcticyémg, nonnative salmonids, and
abiotic conditions will inform managers about tlitccacy of CCAA conservation actions
for increasing Arctic Grayling abundance—a primgogal of the CCAA program (FWP
and USFWS 2006). Thus, the objective of this stwdg to evaluate the relationships
among Arctic Grayling CPUE, nonnative salmonid CRPBliEeam temperature, stream
discharge, and condition of stream and riparianthtibsing empirical data that were
collected from 1983 through 2015. This study mabiesfirst time that over three
decades of data collected in the Big Hole Riveirbhave been synthesized and analyzed
to inform Arctic Grayling conservation managemeatthough inference from this study
used inductive reasoning that was derived from fasienal data, the data were
collected at large temporal and spatial scalesaitgahot common in other studies on

Arctic Grayling.
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2. STUDY AREA

The Big Hole River originates in the Beaverheaduktains in southwest
Montana and flows 250 km without major impoundmesgfore converging with the
Beaverhead River to form the Jefferson River (DNEZ9). Data used in this study
were collected from the Big Hole River and its ttdries between Dickie Bridge (river
km 119) and Saginaw Bridge (river km 241; Figure 2he Big Hole River in the study
area is characterized by low gradient (0.08% —%)3Tow to moderate sinuosity (1.1 —
1.9), and substrate that is dominated by sandgegramd cobble (OEA 1995). Stream
planform is predominately meandering riffle-poodjgences within a single or
anabranching channels. The highest elevation towime study area, Jackson, MT, is
located at 1,973 m above sea level (Figure 2). fiBheassemblage consists of Arctic
Grayling, Westslope Cutthroat Tro@nhcorhynchus clarkii lewisBrook Trout, Brown
Trout Salmo trutta Rainbow TrouDncorhynchus mykis§ountain Whitefish
Prosopium williamsoniBurbotLota lota White SuckeCatostomus commersoii
Longnose SuckeCatostomus catostomuglountain Sucke€atostomus platyrhynchus
Longnose Dac®&hinichthys cataractgeand Mottled Sculpi©ottus bairdi(Oswald
2000).

Predominant land-use practices in the study a@htlte agricultural production.
Traditional cattle ranches dominate the landscajih,the largest town inhabiting about
100 people (Wisdom; Figure 2; USCB 2015). Beavadh@ounty contains about 80% of
the study area and produces the most beef cate@oounties in Montana and ranks

fifth for beef cattle production among countieshe USA (USDA 2014). Additionally,



6
about 1,000 water rights allow for the seasonatidion of surface water from streams to
irrigate hay fields or provide water for livestogRWP and USFWS 2006). Native
riparian (e.g.Salixspp.,Carexspp., anduncusspp.) and upland (e.g\rtemisiaspp.)
plants dominate the vegetative assemblage, budwdignial land use frequently promotes
nonnative grasses (e.§oaceaespp. and’hleumspp.) and forbs (e.g8rassicaspp.,

Trifolium spp., andraraxacumspp.; OEA 1995).
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3. METHODS

Arctic Grayling and Nonnative Salmonid Abundance

Abundance was estimated or CPUE data (fish/kmgwellected for Arctic
Grayling and nonnative salmonids (i.e., Brook Trdrown Trout, and Rainbow Trout)
from 12 Big Hole River reaches (87 km; 71% of thg Bole River in the study area was
sampled) and 20 tributary reaches (72 km) from 1883ugh 2015 (Figure 2; Appendix
A). Abundance was estimated infrequently and veagenlly of poor precision because
the number of recaptures was low. Thus, CPUEwata calculated as the total number
of fish sampled during the first sampling passatd by the length (km) of the sampling
reach. Sampled stream reaches varied from 0.8.8Km (mean = 4.9 km) in length and
generally targeted the Big Hole River or the lowertion of its tributaries. Data were
not collected from all stream reaches in all yeans] only Arctic Grayling were sampled
(i.e., nonnative salmonids were not sampled) dusi®@f the 263 sampling events
(Appendix A). Fish CPUE data were assumed to dependent within and among years
because the Big Hole River watershed is an opdersyand fish migrate in response to
environmental conditions.

Fish were sampled from late-August through eary@mber using boat-mounted
(Coffelt Mark XXII-M, Leach, or West rectifying uhon a Crawdad® or drift boat) or
backpack (Smith-Root, Inc.; models 12-B or LR-2éc&ofishing equipment and
measured for length (mm; TL) and weight (g). Sangpbccurred in water temperatures

<18.5°C. Arctic Grayling of all age classes weampled (probably age & [L50 mm]
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through age 5; Kaya 1990; Montana Fish, Wildlifé*&rks unpublished data). However,
minimum lengths were regularly established for meag nonnative salmonid species to
complete sampling events more expeditiously; thognative salmonid CPUE data were
truncated to only include individuats254 mm, which was the greatest minimum length

established for nonnative salmonids during sampvents.

Stream Temperature

Stream temperature data were collected using Ond&B®BO® Temp or Water
Temp Pro loggers at 33 sites from 1992 through 2babdata were not collected from
all sites in all years (Figure 2; Appendix A). Babggers recorded information at 30- to
60-minute intervals and typically operated from &yMhrough 30 September. Loggers
were contained in polyvinyl chloride housings aedwed to a rock, bridge, or the base

of a willow (Salixspp.).

Stream Discharge

Stream discharge data were collected seasongtiyl (Arough October) at nine
Big Hole River sites and 12 tributary sites fron883hrough 2015 (Figure 2; Appendix
A). Data were not collected at all sites in alhgee Continuous water-stage height
measurements were recorded (AquaRod®, TruTrack®RTseries, Design
Analysis®, or Sutron® instruments) and calibratedtream discharge that was
measured from 5 to 10 times annually throughouhgfdrograph (e.g., ascending limb,

peak, descending limb, base flow; USGS 1982). iisge measurements {is) were
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estimated using depth (m), width (m), and curretbeity (m/s) measurements from a
minimum of 20 locations along a transect perpendrdio the stream flow (USGS 1982).
Typically, current velocity was measured at a deyit®.6 times the total water depth
using Marsh-McBirney® Flo-Mate 2000 flowmeter. &ting curve was developed by
relating discharge measurements to water-stagéth@igasurements to estimate stream

discharge for the monitoring period.

Stream and Riparian Habitat Condition

The NRCS riparian assessment method (NRCS 20Cgused to quantitatively
evaluate the condition of stream and riparian lagbifrom 2005 through 2015 (FWP and
USFWS 2006; Appendix A). The attributes of thearipn area (e.g., vegetative and
flood plain characteristics) and morphological meses of a stream (e.g., erosion and
deposition characteristics) were visually asseaseldscored using ten criteria to produce
a unit-less value that characterized the condifostream and riparian habitat—a higher
score reflected better habitat condition. A corntgbiescription of the methodology is
available from the NRCS (NRCS 2004). The totahmign assessment score can be
partitioned into three subcategory scores (i.engEphic, vegetative, and functional).
Assessment reaches typically coincided with lanelh@undaries (i.e., livestock pasture

or hay field fence line).
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Data Analysis

Arctic Grayling CPUE (fish/km) data were partitexhinto two demographics
(i.e.,= age 1 and age 0) and were truncated to only ierckatLies greater than zero for
analyses—CPUE values of zero were removed to sgatyfevaluate relationships with
biotic and abiotic conditions where Arctic Graylingcur. Nonnative salmonid CPUE
data were standardized to fislf254 mm in length and partitioned by species (Beopk
Trout, Brown Trout, and Rainbow Trout). Streancterge can influence the efficacy of
CPUE estimates by affecting variability in captaeficiency among sampling events
(Bohlin et al. 1989; Hubert and Fabrizio 2007). diéa discharges (mean among sample
years) were significantly different among the monitg sites (ANOVA:F12, 74= 6.33,P
< 0.001); each significantly differer & 0.10) pairwise comparison (Tukey Honest
Significant Differences test) included median dagfes from the Dickie Bridge or Mudd
Creek Bridge monitoring sites, which were the hgghmeedian discharges among
monitoring sites. Median discharge at the momipgite near Wisdom, MT was the
highest without a significant difference from thies with a lower median discharge;
thus, was selected as the upper limit for streanhdirge to control for variation in
capture efficiency in fish sampling reaches. W&tied area regulates discharge
characteristics (Rosgen 1996) and was used tope)ate the upper stream discharge
limit to fish sampling reaches without dischargéagéhus, CPUE data for all species
were truncated to include sampling reaches wittagerghed area 157,052 ha (the
watershed area at the Wisdom, MT monitoring sdaehinimize the variation in capture

efficiency among fish sampling events. As a redily Hole River sampling sites
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downstream from Wisdom, MT were excluded from asedy which removed 60
sampling events from the datasst< 203).

Total years sampled varied among fish samplinghes (mean = 9 years,
minimum = 2, maximum = 25). Trends in Arctic Griag relative abundance were
evaluated for stream reaches with a long-term skittéi.e., > 12 years) and at least two
CPUE estimates greater than zero (i.e., “McDoweéch of the Big Hole River, Steel
Creek, Swamp Creek, Fishtrap Creek, LaMarche CrerekDeep Creek). For these
stream reaches, long-term trend was evaluated dsitagfrom all available years, and
trend since the inception of the CCAA program weaate using data from 2006
through 2015. Trends efage-1 and age-0 Arctic Grayling relative abundamneere
evaluated using ordinary least squares (OLS) regneso relate CPUE estimates to
sample year.

Stream water temperature data were summarizdteanddian, CV
(100SD/mean), and total hours greater than or equadtiablished temperature
thresholds for Arctic Grayling in the Big Hole Wetbed (21°C, FWP and USFWS 2006;
23°C, BHWC 2014; 25°C, Lohr et al. 1996; FWP and~W& 2006) and the upper
temperature preference threshold for European Ggyhymallus thymallugl8°C,
Coutant 1977). Temperature summaries used ddatavéna collected from 1 June
through 30 September.

Stream discharge data were summarized as totalldsy than or equal to a
minimum stream discharge target, maximum dischange,median discharge.

Maximum and median discharges were also standartyg¢he watershed area to
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characterize the discharge metrics relative t@asirehannel size (e.g., cross-sectional
area, width, mean depth; Rosgen 1996; Brockmah 2042). Minimum discharge
targets during drought conditions were establisisgdg the wetted perimeter method
(i.e., lower inflection point; Leathe and NelsorB@p at five monitoring sites on the Big
Hole River to guide water conservation activitiesthe CCAA program (i.e., 0.57 cubic
meters per second [CMS] at Miner Lakes Road; 1$@t Little Lake Creek Road;
1.70 CMS at Highway 43 near Wisdom, MT; 2.83 CMMatdd Creek Bridge; and 4.81
CMS at Dickie Bridge; FWP and USFWS 2006); the munin discharge target at other
monitoring sites was predicted as a function ofenstted area using information from the
five Big Hole River sites (Minimum discharge tareMS] = 3.26 +
0.0003663vatershed area [hafy, 3= 52.57,P = 0.005,r = 0.97). Discharge summaries
used data that were collected from the date maximischarge occurred through 30
September for total days less than or equal teearst discharge target, 1 May through 26
July for maximum discharge variables, and 1 Mawuigh 31 October for median
discharge variables.

Riparian assessment data were summarized as #hadote and total score for
each subcategory (i.e., geomorphic, vegetative faametional). Riparian assessment
scores were weight-averaged as a function of ttaé destance surveyed when more than
one reach was assessed within a fish sampling teawrrespond with fish CPUE data
for analysis. For example, if riparian assessrndatda were collected from two reaches

within a 3-km fish sampling reach—a total scor&0fin a 1-km reach and a total score
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of 75 in a 2-km reach—, the total score that wieted to fish CPUE was 70 (i.e., (1
km/3 km60) + (2 km/3 kni75) = 70).

Arctic Grayling, nonnative salmonid, and abioti¢aleollected within the same
reach and year were matched for analyses (AppeX)lixowever, incomplete
observations (i.e., one or more data summary wskd in the analysis was missing)
were omitted. Univariate relationships betweenti&rGrayling CPUE and an
explanatory variable were evaluated using regrassiodelling methods. Associative
and wedge-shaped patterns were observed in thestgtgesting that different functional
relationships existed (e.g., correlative or linghin Ordinary least squares regression was
used to estimate the central tendency (Stats Packaggram R version 3.2), and
guantile regression £ 0.90) was used to estimate the upper limit efrdsponse
variable as a function of the explanatory variglaeantreg Package, Program R version
3.2; Terrell et al. 1996). Relatively similar Ob8d quantile regression slopes implied a
constant error distribution and a correlative retaghip, whereas dissimilar regression
slopes implied systemic non-constant error distiiou(i.e., increasing or decreasing
spread as a function of the explanatory variabte)alimiting relationship (Terrell et al.
1996). Linear and exponential relationships weaduated with OLS and quantile
regression. Exponential growth or decay was evatliasing the model structuye=
N-exp(c-X), wherey = response variabl®| = estimated y-intercept;= estimated rate of
changex = explanatory variable. Univariate models werestnucted to evaluate Arctic
Grayling CPUE as a function of nonnative salmonRIUE, stream temperature, stream

discharge, and riparian habitat condition. Sigaifice leveld = 0.10) was not corrected
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for the multiple correlation analyses (e.g., Bordar correction) to error in favor of false
positive significant relationships (McDonald 2014dkhough multivariate analyses
provided additional support for the correlationstlier investigating will be needed to
determine cause and effect.

The relative influence of multiple explanatory \&dolies on Arctic Grayling CPUE
was evaluated using an information-theoretic apgr¢®8urnham and Anderson 2002).
Akaike’s information criterion corrected for a singdmple size (Alg) was used to rank
the amount of support by the data for a set of ickte models (MuMIn Package,
Program R version 3.2; Akaike 1974; Hurvich andi T€89). Sets of candidate models
consisted of a global model and all nested modElee top-ranked model was considered
the best model and the amount of support for sulesgty ranked models was evaluated
using aAAIC. score: < 2 was strongly supported; 2-7 was modgratipported; and >7
was poorly supported (Burnham and Anderson 20QRjly explanatory variables with a
significant P < 0.10) univariate relationship to the correspondiegponse variable were
eligible to be included in the global models; hoeestream and riparian habitat
condition data were excluded because those daamwaiched with Arctic Grayling
CPUE data infrequently and reduced the number mipbete observations available for
multivariate analyses. The final suite of explamatvariables for each global model was
selected by evaluating the potential biologicaluehces of highly correlated explanatory
variables (> 0.50) that had a significant univariate relatiapshith the response
variable and were from the same category (e.ghatre salmonid CPUE, stream

temperature, or stream discharge). For examgh, hours> 18°C, 21°C, 23°C, 25°C
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were each significantly related to the CPUE of &rGrayling> age 1 and highly
correlated; thus, only total hoursl8°C was retained for the global model because the
temperature metrics represented similar environat@onditions, and 18°C was the only
temperature threshold that did not contain zerasoiln contrast, Brown Trout CPUE
and Rainbow Trout CPUE were each significantlytesldo age-0 Arctic Grayling CPUE
and highly correlated, s2= 121.1,P < 0.001,r = 0.81), but both variables were
retained for the global model because each sppotesitially influences age-0 Arctic
Grayling differently. Global models were constedto allow for exponential growth or

decay,y = NexpgCcixt+ ..... + GX).
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4. RESULTS

Catch per unit effort of Arctic Grayling age 1 was highest in tributaries near the
downstream boundary of the study area (Figurerf) ame-0 Arctic Grayling CPUE was
highest in tributaries near the middle of the stadsa (Figure 4). Nonnative salmonid
CPUE was dominated by Brook Trout (Figure 5), buavi; Trout and Rainbow Trout
CPUE were higher than Brook Trout CPUE in Deep Krdee lowest tributary sampled
in the study area (Figures 6 and 7). Catch-pereffort of age-0 Arctic Grayling was
weakly correlated with CPUE afage-1 Arctic Graylingt§e = 4.725,P = 0.089,r =
0.17). Catch per unit effort of Arctic Graylirgage 1 was positively related to Brook
Trout CPUE (Figure 8 and Table 1), and age-0 AiGtiayling CPUE was negatively
related to Brown Trout and Rainbow Trout CPUE (Fé&g@ and Table 2).

Water temperature was highly variable in the Bad-River and lowest in
relatively high-gradient tributaries near the dotseam boundary of the study area
(Figure 10). Median water temperature and totaré» 18°C, 21°C, 23°C, and 25°C
each had a significant univariate relationship withtic Grayling> age 1 CPUE and
age-0 CPUE (Figures 11 and 12; Tables 1 and 2)eteryautocorrelation among these
explanatory variables was high (Figures 11 and Ir&erestingly, median water
temperature and total hoursl8°C, 21°C, 23°C, and 25°C were each negativéiyee to
the CPUE of Arctic Grayling age 1 (Figure 11 and Table 1), but positivelytesldo
age-0 Arctic Grayling CPUE (Figure 12 and Table Zhe CPUE of Arctic Grayling

age 1 was also limited as the temperature threshotdased (Figure 11). For example,
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CPUE of Arctic Grayling> age 1 did not exceed 5 fish/km if total homrs8°C exceeded
721, total hourg 21°C exceeded 167, total howr23°C exceeded 31, or total hoers
25°C exceeded zero (Figure 11).

Stream discharge was highest and most variatiteeiBig Hole River (Figure
13), and total days less than or equal to minimisohérge target was greatest in Rock
Creek (Figure 14). Maximum and median dischardeckvwere highly correlated, were
negatively related to both Arctic Grayling CPUE nest (Figures 15 and 16; Tables 1
and 2); CPUE did not exceed 5 fish/km when maxingisoharge exceeded 42/s1&
age 1) or 26 dis (age 0) or when median discharge exceeded ¥s0@mge 1) or 1.7
m®/s (age O; Figures 15 and 16). Additionally, tHRUE of Arctic Grayling> age 1 was
negatively related to total daysdischarge target, but positively related to median
discharge/watershed area (Figure 15 and Tabl&éd)CPUE of Arctic Grayling age 1
did not exceed 5 fish/km when the total daydischarge target exceeded 18 days.

Total riparian assessment score was highly cae@haith each subcategory score
(r > 0.81; Figures 17 and 18). The geomorphic selgoay was positively related to the
CPUE of Arctic Graylingz age 1 (Figure 17 and Table 1). Riparian assedssuoeres
were not related to age-0 Arctic Grayling CPUE (ffgg18 and Table 2).

Arctic Grayling CPUE was either static or declinidgclining trends were
observed in the “McDowell” reacke@ge-1 Arctic Graylingts = -4.749,P < 0.001; age-
0 Arctic Grayling:tza = -2.934,P = 0.007), Deep Creek (@ge-1 Arctic Graylingts = -
1.820,P < 0.083), and Fishtrap Creek (age-0 Arctic Grayliag -2.573,P = 0.037).

Arctic Grayling CPUE from 2006 through 2015 weratist increasing, or declining;
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increasing trends occurred in Swamp Creelide-1 Arctic Graylingts = 2.312,P =
0.054; age-0 Arctic Graylinds = 2.291,P = 0.056) and Deep Creek &ge-1 Arctic
Grayling:ts = 0.5471P = 0.017), and decreasing trends occurred in StesdlkJjage-0
Arctic Grayling:ts = -2.272,P = 0.053) and LaMarche Creek &ge-1 Arctic Graylingts
=-2.149,P = 0.075; age-0 Arctic Graylings = -2.678,P = 0.037).

A global model was constructed to evaluate thatired influence of biotic and
abiotic factors on CPUE of Arctic Graylirgage 1. Brook Trout was the only
significantly related nonnative salmonid CPUE arabwetained for the global modéh(
76 = 33.5,P < 0.001,r = 0.55). Total hours 18°C was highly correlated with median
temperatureH1, s1= 319.7,P < 0.001,r = 0.93) and the total hours21°C 1, s1= 205.2,
P <0.001,r = 0.89), 23°C 1, 51= 49.9,P < 0.001,r = 0.70), and 25°CHy, s1= 18.2,P <
0.001,r = 0.51); thus, total houes 18°C was the only water temperature variable
retained for the global model. Maximum discharges\Wwighly correlated with median
dischargek1,37=38.1,P < 0.001,r = 0.71), and total daysdischarge target was highly
correlated with median discharge/watershed &geaA(= 59.0,P < 0.001,r = 0.78);
therefore, maximum discharge and total daylscharge target were retained for the
global model. The following multivariate global del was used to evaluate the relative
influence of biotic and abiotic factors on CPUEAr€Etic Grayling= age 1: Arctic
Grayling= age 1 CPUE N-expc1-Brook Trout CPUE 4, total hours> 18°C +
cs'maximum discharge ¢4 total days< discharge target). Model selection results
strongly supported the top two models that inclugéal hours> 18°C, total days:

discharge target, and maximum dischary&IC. = O; Table 3); and total hours18°C
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and total days: discharge targeNAIC. = 1.07; Table 3). However, an additional seven
models were moderately supportdd\(C. < 5.65) resulting in model selection
uncertainty. The combined weight of models thaluded each explanatory variable was
calculated to provide supplemental information dlibeir relative influence: total hours
> 18°C (w = 0.96); total days discharge target (w 0.77); maximum discharge (w
0.49); and Brook Trout CPUE (w 0.28). Thus, model selection results and the
combined model weight values suggested that totals®» 18°C and total days
discharge target were most supported by thesdalat@ving the greatest relative
influence on CPUE of Arctic Graylingage 1 (Table 3).

A global model was also constructed to evaluadadative influence of biotic
and abiotic factors on age-0 Arctic Grayling CPUEown Trout and Rainbow Trout
CPUEs were highly correlateBiy(es= 127.1,P < 0.001,r = 0.81), but have the potential
to interact with age-0 Arctic Grayling differentl§hus, both nonnative salmonid species
were retained for the global model. Total houk8°C was highly correlated with
median temperaturé{, 4s= 151.1,P < 0.001,r = 0.88) and total hours 21°C {1, 45=
172.9,P < 0.001,r = 0.89), 23°CF1,45= 52.3,P < 0.001,r = 0.73), and 25°CHy 45=
20.5,P < 0.001,r = 0.56); thus, total hours 18°C was the only water temperature
variable retained for the global model. Maximursatiarge, which was highly correlated
with median dischargd-(, 3= 32.5,P < 0.001,r = 0.69), was the only discharge variable
retained for the global model. The following mudtiiate global model was used to
evaluate the relative influence of biotic and abiédctors on age-0 Arctic Grayling

CPUE: age-0 Arctic Grayling CPUEN:-exgc1-Brown Trout CPUE +¢>-Rainbow Trout
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CPUE +cztotal hours> 18°C +c-maximum discharge). The top model included Brown
Trout CPUE, total hours 18°C, and maximum discharge; (w0.68); the addition of
Rainbow Trout CPUE in the second-ranked mod@&lIC. = 2.11) was not supported
because model deviance was reduced by an amoudrdionthe AIG penalty (+2 units)
for including an additional parameter (Arnold 201ibus providing stronger support for
the top model (Table 4). The combined weight oflgls that included Brown Trout
CPUE (w = 0.95), total hours 18°C (w = 0.95), or maximum dischargei(w0.99) was
similar. Thus, Brown Trout CPUE, total howrd8°C, and maximum discharge were
most supported by these data for having the greliesive influence on age-0 Arctic
Grayling CPUE (Table 4).

Select relationships between abiotic variables weetuated to better understand
the efficacy of management actions, specificalbsththat may influence stream water
temperature. The influence of stream dischargel@and Berman 2001) or habitat
condition (Seavy et al. 2009) on water temperatwae evaluated using OLS regression.
Total days< discharge target was positively correlated witalthours> 18°C (ss =
2.27,P=0.027,r = 0.15), and total riparian assessment score wgatinely correlated
with total hours> 18°C (34=-1.85 P=0.073r =-0.30).

Additional relationships beyond the scope of thgciive stated in the
introduction were also explored to further inforncic Grayling management. The
influence of stream temperature, stream dischange the condition of stream and
riparian habitat on nonnative salmonid CPUE waduatad to understand the benefit of

management actions more comprehensively (AppendixA8ditionally, the drivers of
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Arctic Grayling distribution were evaluated by tatg nonnative species CPUE, stream
temperature, stream discharge, and the conditiestreéim and riparian habitat to Arctic

Grayling occurrence (Appendix C).
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5. DISCUSSION

This study evaluated how biotic and abiotic mstrielate to Arctic Grayling
relative abundance using data that were collected three decades in the Big Hole
River watershed, MT. Data exploration is a poweafeproach for better understanding
the factors that influence Arctic Grayling and seful in informing conservation actions.
Long-term trends in Arctic Grayling relative abunda were either static or declining,
but in some cases, were stabilized or increasimgeshe CCAA program began in 2006.
Conservation actions implemented through the CCAFg@mm may have contributed to
improving trends in Arctic Grayling relative abumda and were generally supported by
the results of this study. However, monitoring aesearch needs were identified to fill
information gaps and improve Arctic Grayling managet.

The influence of nonnative salmonids on Arctic Gireywas species-specific.
Brook Trout CPUE had a strong positive correlatiotih CPUE of Arctic Grayling> age
1, which was contrary to theepriori hypothesized relationship. Brook Trout and Arctic
Grayling> age 1 CPUE were similarly influenced by tempeatamnd discharge metrics
(Appendix B); thus, the abiotic conditions likelgrdributed to covariation for both
species. The combined evidence from this studypaedous studies (McMichael 1990;
Byorth and Magee 1998) suggests that Arctic Graydind Brook Trout occupy slightly
different ecological niches and can coexist. Intcast, Brown Trout and Rainbow Trout
CPUE were negatively related to age-0 Arctic GraylCPUE. Brown Trout were a
common factor to most extirpated Arctic Graylingoptations in Montana (Missouri,

Sun, Dearborn, Smith, Gallatin, lower Madison, defbn, Beaverhead, and Gibbon
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rivers; Vincent 1962; Kaya 1990). The resultshi$ study support the hypothesis that
Brown Trout have a negative effect on Arctic Graglpopulations, but the underlying
mechanism remains unknown. Predation is probabkénghe piscivorous nature of
adult Brown Trout (Klemetsen et al. 2003) and reéy high susceptibility of Arctic
Grayling to predation during early life-stages (Kay992a). However, the negative
relationship may also be driven by differing habiegquirements between the two
species; for example, increasing stream water teatyres was suggested as regulating
concurrent expanses in Brown Trout distribution aontractions in Bull Trout
Salvelinus confluentudistribution (Al-Chokhachy et al. 2016) that maierwise appear
to be the result of interspecific interactions.

Several studies, including this study, supportidimg-standing hypotheses that
water temperature and drought are limiting facforsArctic Grayling (especially for
populations at the southern extent of their rangethis study, thermal constraints on
Arctic Grayling relative abundance were apparemsfour temperature thresholds.
For example, the upper limit (i.e., 9quantile) of CPUE for Arctic Grayling age 1 was
estimated to be 103% higher in a stream that hadriemperature higher than 18°C for
10 hours than a stream with 500 hours. Furthernsbream water temperatures in the
study area regularly exceeded the upper incipethtl temperature (temperature that is
survived by at least 50% of the test populationdoger than one week) for age-1 Arctic
Grayling that was derived in a lab setting usiagpfogeny from the Big Hole River
population (25°C; Lohr et al. 1996). Thermal avdeor adult Arctic Grayling were

established from populations in Alaska and an uppéability threshold of 20°C was
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identified (Hubert et al. 1985); however, populatan Montana are known to exist in
warmer thermal regimes (USOFR 2014). Finally,stevival rate of European Grayling
> age 1 was negatively related to mean water terpera19°C (Charles et al. 2006).
Similar negative relationships between water tesipee and fish abundance have been
observed for other coldwater salmonid species, asdBull Trout (Al-Chokhachy et al.
2016) and Redband Rainbow Tr&corhynchus mykiss gairdngéoellick 2004).

Conversely, age-0 Arctic Grayling CPUE was posiltivelated to water
temperature metrics (albeit these relationshipsrhaik variation than relationships
between CPUE of Arctic Graylingage 1 and water temperature), thus corroborating
previous observations that juvenile Arctic Graylimye a higher temperature tolerance
than adults (USOFR 2014). The instantaneous groatthof age-0 Arctic Grayling is
positively related to water temperature (Deegaal.€1999; Luecke and MacKinnon
2008), which likely contributes to the positiveatbnship between water temperature
and age-0 Arctic Grayling CPUE observed in thislgtuAn increased growth rate of
juvenile salmonids has been positively linked tovsaal (Zabel and Achord 2004) and
can be advantageous for competitive interactionis @anspecifics and allospecifics
(Gardiner and Geddes 1980).

Maintaining adequate discharge levels during dnbegnditions is an important
consideration for Arctic Grayling conservation. tihis study, decreasing discharge
during drought conditions had a strong limitingatelnship with the relative abundance
of Arctic Grayling> age 1. Similar discharge conditions (i.e., desirepmean discharge

during summer) have also been shown to limit tloevgin rate of adult Arctic Grayling
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(Deegan et al. 1999). Drought may limit Arctic @nag relative abundance by
promoting emigration, decreasing survival, or bddi;,example, European Grayling
occupied relatively shallower water and increaded tmovement during periods of low
discharge, thereby increasing their susceptiltititgredation (Riley et al. 2009).
Drought conditions may also influence Arctic Gragliabundance by altering
macroinvertebrate assemblage structure (Extencg) 18@nectivity among stream
reaches (Lake 2003), and water quality (Lake 2003).

Maximum discharge had a similar limiting relatibiswith both Arctic Grayling
CPUE metrics. Whereas a negative influence of mari discharge on adult salmonids
is not common, similar relationships have been teskfor age-0 Arctic Grayling. For
example, Arctic Grayling recruitment (defined as #stimated abundance of age-3
Arctic Grayling that were sampled three years @pstwn) in the Chena River, AK was
negatively related to mean discharge during a 40péaiod post-spawn (Clark 1992).
Similarly, maximum discharge negatively influendbd survival of age-0 European
Grayling for a 150-day period post-spawn (Chartes.€2006). Several mechanisms are
hypothesized regarding the negative influencerefsh discharge on the early life-stages
of Arctic Grayling and other salmonid species. viated stream discharge mobilizes
channel substrate and likely dislodges embryodamnde prior to emergence (Elwood
and Waters 1969), which is probable for Arctic Giraybecause they broadcast eggs to
spawn (i.e., as opposed to excavating a redd)ardlto spawn in smaller diameter
substrate than other salmonid species (Vincent)198dditionally, newly emerged

Arctic Grayling larvae are susceptible to beingtiised downstream or stranded in
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isolated pools that remain after water levels req€tlark 1992). Finally, decreased
water temperatures often accompany snow-melt drivexximum discharge events and
probably limit the growth and survival of age-0 AcdGrayling. The influence of these
hypothesized mechanisms may act independentlygether to limit age-0 Arctic
Grayling relative abundance.

The condition of stream and riparian habitatswentjfied by the NRCS riparian
assessment method was rarely related to ArcticlfBgpZPUE; the only significant
relationship was between the geomorphic subcateggmne and Arctic Grayling age 1
CPUE. Generally, the geomorphic subcategory cheniaes the vertical erosion, lateral
erosion, and sediment transport and depositionbiltpes of the stream (NRCS 2004).
Erosional and depositional processes of a stregoiaee habitat characteristics, such as
pool depth (Rosgen 2004), that have been linkegrd¢tic Grayling abundance (Lamothe
and Magee 2004) or are preferentially selectedbyohrctic Grayling (West et al. 1992;
Byorth and Magee 1998). However, these geomonmiaicesses are, in part, regulated
by the quality and condition of riparian vegetat{®osgen 1994), which were evaluated
by the riparian assessment method. Given theseiatisns, it is interesting that riparian
assessment scores were not related to Arctic G@@PUE more frequently. The lack
of relationships between Arctic Grayling CPUE aipéirian assessment scores could be
attributed to 1) the amount of data that was albelor evaluating Arctic Grayling
CPUE relationships with riparian assessment sasassconsiderably less than for the
other data sets that were used in this study arydnaee been insufficient to observe

relationships, or 2) the riparian assessment metragdintended to provide an general
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characterization of stream and riparian habitatd@mn and assessment criteria may be
too broad and susceptible to visual bias to acctmrelationships that occur at a finer
scale. For example, the quantification (i.e., ptelsy measured instead of visually
assessed) of physical habitat characteristicanbed coarsely assessed by the riparian
assessment method have been related to densityesfaldwater salmonid species,
such as Lahontan Cutthroat Tr@mcorhynchus clarkii henshaibunham et al. 2002),
Bull Trout (Watson and Hillman 1997), and anadrosoutthroat trou©ncorhynchus
clarki (Rosenfeld et al. 2000). A better understandingoav physical habitat attributes
regulate Arctic Grayling abundance is needed tormfArctic Grayling management and
evaluate the efficacy of using the NRCS ripariaseasment method to manage streams
that are enrolled in the CCAA program.

In this study, relationships between the bioti@biotic metrics and Arctic
Grayling CPUE varied considerably by age categoey, & age-1 and age-0); the metrics
that were supported for having the greatest infteean each Arctic Grayling CPUE were
different or had the opposite influence, except@aximum discharge. This dynamic
may contribute to age-related distributional paisewithin a watershed that have been
exhibited by Arctic Grayling populations. For exalm in two rivers in Alaska, a
distributional gradient with older individuals bgipredominant in upstream reaches and
younger individuals being predominant in downstreaathes was observed and
attributed to successive age-related migrationgpiream feeding areas (Hughes 1999).
An age-related distributional pattern also existstifie Big Hole River population,

although younger individuals are predominant intigasn reaches and older individuals
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are predominant in downstream reaches, includihitdta downstream of the study area
(A. McCullough, Montana Fish, Wildlife and Parksipublished data). Age-related
distributional patterns are likely related to chiagghabitat requirements throughout the
life-history of Arctic Grayling and demonstrate tingportance of maintaining
connectivity among these habitats to ensure theispean successfully complete their
life cycle.

Differing relationships between age categories daaes Arctic Grayling
management, specifically the opposite relationshijpis water temperature metrics.
Given that Arctic Grayling populations persist lretmal regimes cooler than the Big
Hole River basin (USOFR 2014), management of stn@ater temperature to benefit
Arctic Grayling> age 1 seems most appropriate. Nonetheless, écpfananagement
strategy for Arctic Grayling in the Big Hole Rivbasin should consider that streams tend
to be dominated by eitherage-1 or age-0 Arctic Grayling, and stream-specifi
objectives may be needed depending on the domagntategory.

Temperature and discharge metrics generally hagridaest influence on the
CPUE of Arctic Grayling> age 1. Brook Trout CPUE was similarly influendsd
temperature and discharge metrics, and improviagelabiotic conditions will likely
benefit both species. Stream temperature andatigelmetrics are largely regulated by
ambient weather conditions (Poole and Berman 2@t)¢can be influenced by
agricultural land-use practices. Thus, the praewvaiele of agriculture in the Big Hole
Valley offers conservation opportunities. Managatreetions that increase stream

discharge or improve the condition of stream apdrian habitat mitigate increasing
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water temperature. Thus, CCAA water conservatgre@ments benefit Arctic Grayling
> age 1 by increasing stream discharges and reduatey temperatures. The drought
management plan provides similar benefits as thaA®ater conservation agreements
by reducing irrigation withdrawals during periodsdoought, which increases stream
discharge. The continued implementation of CCAAewaonservation agreements and
the drought management plan was supported bytiiy.s

Management actions to benefit age-0 Arctic Graylirge less clear. Existing
management actions that increase stream discharggdirought conditions or improve
the condition of stream and riparian habitats weresupported by the relationships
observed in this study. Furthermore, alternatteesddress the negative relationship
between age-0 Arctic Grayling CPUE and Brown TIGRUE, if necessary, cannot be
identified until the underlying mechanism is bettederstood. This relationship is of
particular interest because the abundance andbdistm of Brown Trout in the Big Hole
River basin have expanded in recent years (Morftesig Wildlife & Parks, unpublished
data).

Although these results suggested strong relatipsdietween Arctic Grayling
and their environment, the data exploration apgrased for this study had limitations.
Removing Arctic Grayling CPUE values of zero foalis@alyses on relationships where
the species occurred, but omitted sites where emwviental conditions may have
contributed to local extirpation or prevented recdtation. The influence of biotic and
abiotic factors on Arctic Grayling occurrence wpresented in Appendix C, but

warrants further investigation. Additionally, sire discharge, water temperature, and
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channel size are known to influence the captuieieficy of electrofishing gears (Hubert
and Fabrizio 2007). Although methods were useditomize the effects of stream
discharge and water temperature (e.g., samplingroet in water temperatures <18°C)
on capture efficiency, variation in capture effraig among sample sites may have
influenced the results of this study.

A comprehensive understanding of how Arctic Graylabundance relates to
biotic and abiotic conditions is important for effee management. In this study,
historical data were used to examine the inteiggiahips among nonnative salmonids,
stream temperature, stream discharge, stream @audan habitats, and Arctic Grayling
CPUE in the Big Hole River watershed. This studghhghted that interspecific
relationships between Arctic Grayling and nonnasiabnonids are species-specific and
may influence Arctic Grayling age-classes diffelgnfAdditionally, the influence of
stream water temperature varied depending on th@Bgrctic Grayling in the CPUE
estimate. In general, these results supportedutrent management actions outlined by
the CCAA program, specifically those that mitigdteught conditions. However,
relationships that supported using the NRCS ripaasissessment method to manage
stream and riparian habitat to benefit Arctic Giraylwere lacking. Furthermore, the
negative relationship between age-0 Arctic Gray@RJUE and Brown Trout CPUE is
disconcerting given that Brown Trout abundance@isttibution are increasing in the
upper Big Hole River basin. Thus, the followingmtoring and research needs are

warranted.



31

6. MONITORING AND RESEARCH NEEDS

1. Within the last decade, Brown Trout have repda@eook Trout as the dominant
salmonid in some stream reaches in the study aese recently, Brown Trout
recruitment was observed for the first time in&tng that historically had high relative
abundance of age-0 Arctic Grayling (A. McCulloufpntana Fish, Wildlife and Parks,
unpublished data). Widespread changes to therfishehe upper Big Hole River will
likely to continue, and monitoring the expansiorBobdwn Trout is warranted to
understand fish assemblage dynamics pertinent¢bcABrayling management.

2. The persistence of Arctic Grayling in the Biglel®iver may be in jeopardy if Brown
Trout abundance and distribution continues to eg@ard interspecific interactions
between the species limit Arctic Grayling recruitihel hus, investigating the mechanism
driving the negative relationship between BrownuErGPUE and age-0 Arctic Grayling
CPUE is warranted to inform management decisions.

3. Management of stream and riparian habitatsylikéfers the greatest conservation
opportunity for Arctic Grayling because the chagaistics of these habitats are largely
controlled by landowners and natural resource dgend-urther, literature that relates
Arctic Grayling to physical habitat is generallgkeng. Identifying physical habitat
attributes that regulate Arctic Grayling abundaiscearranted to inform Arctic Grayling
management.

4. Riparian assessment scores are used extensvglyde stream and riparian habitat
management to benefit Artic Grayling, but were Isarelated to their relative abundance

in this study. Associations between riparian essest score and Arctic Grayling should
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be established if the methodology will continudé&used to guide management

decisions.



33

TABLES



Table 1. Slopes and probabiliti¢?) for linear models and the exponential rate oingjga€) and probabilitiesK) for nonlinear models
from ordinary least squares (OLS) and quantile 0.90) regression analyses relating the CPUErcfiéd\Grayling> age 1 (fish/km) and
an explanatory variable. Explanatory variables¢dbed in Methods) were summarized from nonnaaimonid abundance (1983
through 2015), stream water temperature (1992 gir@015), stream discharge (1988 through 2015)ripadan habitat condition (2005
through 2015) data that were collected in the BadeHWatershed, MT. Significance level wRs 0.10 (*) for all models.

Linear Nonlineat

oLS quantile OLS quantile
Explanatory variab Slope P Slope P C P C P
Brook Trout CPUP 0.081 <0.0071’ 0.10¢ 0.001* 0.01: <0.007’ 0.00¢ 0.008*
Brown Trout CPUI 0.011 0.907 -0.28: 0.65] 0.00z 0.93: -0.031 0.701
Rainbow Trout CPU 0.07¢ 0.59¢ 0.22: 0.771 0.01¢ 0.69: -0.01( 0.91
Median temperatu -1.43¢ <0.001’ -3.231 0.003* -0.25¢ 0.005* -0.29¢ 0.027°
Temperature C 0.51¢ 0.34¢ -1.61¢ 0.45¢ 0.09¢ 0.44¢ -0.12¢ 0.31(
Hours> 18°C2 -0.00¢ <0.0071’ -0.017% <0.001’ -0.00zZ 0.003* -0.00z2 0.003°
Hours> 21°C -0.022 0.001’ -0.031 0.006* -0.00¢ 0.011* -0.007 <0.001’
Hours> 23°C -0.03¢ 0.019° -0.06: 0.016* -0.07¢ 0.11¢ -0.027 <0.001’ R
Hours> 25°C -0.29¢ 0.10¢ -0.58¢ 0.16¢ -0.427 0.47( -0.132 0.006’
Days< discharge targ® -0.04( 0.008* -0.10z2 0.012* -0.022 0.011* -0.021 <0.001’
Maximum discharc? -0.04: 0.018’ -0.05( 0.27( -0.02( 0.281 -0.01¢ 0.067°
Median dischar¢ -0.11¢ 0.35¢ -0.491 0.097* -0.06: 0.50( -0.11¢ 0.076°
Maximum discharge/W? 1935.¢ 0.391] 8676.¢ 0.45¢ 573.¢ 0.42( 1034.« 0.44
Median discharge/W? 25540.( 0.10¢ 127288.. 0.004* 8129.! 0.19% 21224.( 0.053°
Riparian assessment sc 0.03¢ 0.65: 0.21¢ 0.14 0.01« 0.72¢ 0.05: 0.14
Geomorphic sco 0.20( 0.38: 0.63¢ 0.059* 0.067 0.48: 0.17(¢ 0.0%6*
Vegetative scol -0.241 0.50¢ 0.46: 0.42¢ -0.00¢ 0.957 0.071 0.59(
Functional scol 0.20¢ 0.51: 0.50( 0.51¢ 0.08¢ 0.59¢ 0.12:¢ 0.54¢

INonlinear models structurg:= N-expc-X), wherey = response variabl®y = estimated y-intercept;= estimated rate of change:
explanatory variable.

2Explanatory variable included in the global model.

SWA=watershed area.



Table 2. Slopes and probabiliti¢?) for linear models and the exponential rate oingjga€) and probabilitiesH) for nonlinear models

from ordinary least squares (OLS) and quantike 0.90) regression analyses relating age-0 Afgtayling CPUE (fish/km) and an

explanatory variable. Explanatory variables (désctin Methods section) were summarized from ntwaaalmonid abundance (1983
through 2015), stream water temperature (1992 gir@015), stream discharge (1988 through 2015)ripadan habitat condition (2005
through 2015) data that were collected in the BadeHWatershed, MT. Significance level wRs 0.10 (*) for all models.

Linear Nonlineat
oLS quantile OLS quantile

Explanatory variab Slope P Slope P C P C P
Brook Trout CPUI 0.01¢ 0.361 -0.02¢ 0.65¢ 0.00: 0.37( -0.00¢ 0.621
Brown Trout CPUP -0.177 0.13¢ -0.37: 0.080* -0.17¢ 0.34¢ -0.112 <0.001’
Rainbow Trout CPU? -0.2(7 0.22¢ -0.51¢ 0.017* -0.057 0.43( -0.091 0.641
Median temperatu 0.68: 0.12¢ 2.11: 0.007* 0.19: 0.15¢ 0.27: 0.017°
Temperature C -0.10¢ 0.80¢ -1.01: 0.49¢ -0.02: 0.83¢ -0.08¢ 0.48i
Hours> 18°C2 0.00¢ 0.062° 0.01:z 0.046* 0.001 0.054* 0.00z 0.009°
Hours> 21°C 0.01¢« 0.022’ 0.04( 0.007* 0.00¢ 0.005* 0.00: 0.008*
Hours> 23°C 0.03! 0.014° 0.08: 0.022* 0.007 0.001* 0.00¢ 0.008*
Hours> 25°C 0.11¢ 0.31¢ 1.06¢ 0.079* 0.01¢ 0.391 0.05¢ 0.056°
Days< discharge targ 0.02:¢ 0.25:2 0.00¢ 0.87: 0.00t 0.40: 0.001 0.911
Maximum discharc? -0.04¢ 0.017° -0.04¢ 0.14¢ -0.03¢ 0.15: -0.041 0.032’
Median dischar¢ -0.39¢ 0.028° -0.49: 0.036* -0.48¢ 0.13: -0.43¢ 0.061’
Maximum discharge/W? -18892 0.48: -1598.! 0.79¢ -832.¢ 0.40¢ -640.¢ 0.28¢
Median discharge/W? -22817.2 0.31¢ -14450.: 0.67¢ -6899.. 0.40¢ -1869.. 0.81¢
Riparian assessment sc -0.04¢ 0.75¢ 0.10¢ 0.821 -0.01c 0.78¢ 0.011 0.84:
Geomorphic sco -0.19¢ 0.65¢ 0.80¢ 0.68¢ -0.03¢ 0.75¢ 0.00¢ 0.97:
Vegetative scol -0.03: 0.91( 0.16¢ 0.85¢ -0.00¢ 0.90¢ 0.021 0.82:
Functional scol -0.14( 0.74¢ 0.23! 0.90¢ -0.02¢ 0.80¢ 0.02% 0.901

INonlinear models structurg:= N-expc-X), wherey = response variabl®y = estimated y-intercept;= estimated rate of change:

explanatory variable.

2Explanatory variable included in the global model.

SWA=watershed area.

Gg
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Table 3. Summary of Akaike’s information criteriarected for a small sample size
(AICc), number of model variables (k), AdScore relative to the top ranked model
(AAIC.), and model weight (wi) for the global motiahd all nested models that were
ranked to the relative influence of biotic and aieiéactors on the CPUE of Arctic
Grayling> age 1 (fish/km) in the Big Hole Watershed, MT.

Rank Model variables k AIC AAIC: w;

1 Hours> 18°C, Days< discharge target, 5  68.7 0.00 0.371
Maximum discharge

2 Hours> 18°C, Days< discharge target 4  69.8 1.07 0.217

Brook Trout CPUE, Hours 18°C 4 711 2.40 0.112

4 Brook Trout CPUE, Hours 18°C, Days 5 71.7 2.94 0.085
< discharge target

5 Hours> 18°C 3 720 3.28 0.072

6 Brook Trout CPUE, Hours 18°C, Days 6 72.5 3.75 0.057
< discharge target, Maximum discharge

w

7 Hours> 18°C, Maximum discharge 4 739 5.22 0.027

8 Brook Trout CPUE, Hours 18°C, 5 743 5.56 0.023
Maximum discharge

9 Days< discharge target 3 744 5.65 0.022

10 Days< discharge target, Maximum 4 76.9 8.18 0.006
discharge

11 Brook Trout CPUE, Days discharge 4 77.0 8.3 0.006
target

12 Brook Trout CPUE, Days discharge 5 805 11.79 0.001
target, Maximum discharge

13 Maximum discharge 3 108.9 40.18 0.000

14 Brook Trout CPUE 3 1094 40.68 0.000

15 Brook Trout CPUE, Maximum discharge 4 111.6 42.80.000
!Global model: Arctic Grayling age 1 CPUE #-exp(c1-Brook Trout CPUE -, total
hours> 18°C +cz:maximum discharge ¢4 total days< discharge target), wheh=
estimated y-intercept; = estimated rate of change for variable
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Table 4. Summary of Akaike’s information criteriarected for a small sample size
(AICc), number of model variables (k), AdGcore relative to the top ranked model
(AAIC.), and model weight (wi) for the global motiahd all nested models that were
ranked to the relative influence of biotic and aisitactors on age-0 Arctic Grayling
CPUE (fish/km) in the Big Hole Watershed, MT.

Rank Model variables k AIC AAIC: w;

1 Brown Trout CPUE, Hours 18°C, 5 124.1 0.00 0.682
Maximum discharge

2 Brown Trout CPUE, Rainbow Trout 6 126.2 2.11 0.238
CPUE, Hours> 18°C, Maximum
discharge

3 Hours> 18°C, Maximum discharge 4 130.7 6.68 0.024

4 Brown Trout CPUE, Maximum 4 1309 6.81 0.023
discharge

5 Maximum discharge 3 1320 7.95 0.013

6 Brown Trout CPUE, Rainbow Trout 5 134.1 9.99 0.005
CPUE, Maximum discharge

7 Rainbow Trout CPUE, Maximum 4 134.1 10.01 0.005
discharge

8 Rainbow Trout CPUE, Hours18°C, 5 134.1 10.08 0.004
Maximum discharge

9 Brown Trout CPUE 3 135.2 11.18 0.003
10 Hours> 18°C 3 1364 12.32 0.001
11 Rainbow Trout CPUE 3 136.9 12.79 0.001

12 Brown Trout CPUE, Hours 18°C 4 137.1 13.01 0.001
13 Brown Trout CPUE, Rainbow Trout 4 138.2 14.16 0.001
CPUE
14 Rainbow Trout CPUE, Hours18°C 4 139.4 15.31 0.000
15 Brown Trout CPUE, Rainbow Trout 5 140.5 16.40 0.000
CPUE, Hours> 18°C
1Global model: age-0 Arctic Grayling CPUBN=exp(c1-Brown Trout CPUE +
c2‘Rainbow Trout CPUE +¢3- total hours> 18°C +c¢4- maximum discharge), wheh=
estimated y-intercept; = estimated rate of change for variable
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Figure 1. Historical distribution of Arctic Graynin North America.
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Figure 2. Location of fish sampling reaches, stréamperature sites, and discharge
monitoring sites in the study area (delineated Init&) in the Big Hole Watershed, MT.
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Figure 3. Boxplot of the CPUE (fish/km) of Arctia&yling> age 1 in streams that were
sampled with electrofishing in the Big Hole Watezdlirom 1983 through 2015.
Tributary streams (river km) to the Big Hole Riae listed in descending order through
the watershed from left to the right after the Bligle River. Box plots depict the
minimum, 2% percentile, median, mean (black diamond} @6rcentile, and maximum
values with horizontal bars.
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Figure 4. Boxplot of age-0 Arctic Grayling CPUEstifkm) in streams that were sampled
with electrofishing in the Big Hole Watershed fra®83 through 2015. Tributary
streams (river km) to the Big Hole River are listediescending order through the
watershed from left to right after the Big Hole Riv Box plots depict the minimum,®5
percentile, median, mean (black diamond}? @Brcentile, and maximum values with
horizontal bars.



43

2001
€
=< 150
<
0 _
= _
0 _
) _
% 100+ T
= —
) _
— L 3
e L 3
o i * _
g 50 e -
m —
* [ - 4
==K -
0 T T T T T T
% % % B % % b % % G % &
A, &, % T, %, Y %, B B Ty B
%, . G e G G n Y, % B, % % S
,9/1’ 'o fo @4 G+ /‘@ ,;F@ Q g &O Q @@4.
G o, Sy 7y T % B, S % TR, S, 17
b o, B T TR, T 7 % e %
&, S, 6 7.
% % A 2
®
Sy
Stream

Figure 5. Boxplot of Brook Trout CPUE (fish/km) streams that were sampled with
electrofishing in the Big Hole Watershed from 19B®ugh 2015. Tributary streams
(river km) to the Big Hole River are listed in deading order through the watershed
from left to right after the Big Hole River. Boxaps depict the minimum, 5ercentile,
median, mean (black diamond),"7percentile, and maximum values with horizontal
bars.
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Figure 6. Boxplot of Brown Trout CPUE (fish/km) streams that were sampled with
electrofishing in the Big Hole Watershed from 19B8®ugh 2015. Tributary streams
(river km) to the Big Hole River are listed in deading order through the watershed
from left to right after the Big Hole River. Boxaps depict the minimum, 5ercentile,
median, mean (black diamond),"7percentile, and maximum values with horizontal
bars.
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Figure 7. Boxplot of Rainbow Trout CPUE (fish/km)streams that were sampled with
electrofishing in the Big Hole Watershed from 19B8®ugh 2015. Tributary streams
(river km) to the Big Hole River are listed in deading order through the watershed
from left to right after the Big Hole River. Boxaps depict the minimum, 5ercentile,
median, 7% percentile, and maximum values with horizontabtard mean with a black
diamond.
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Figure 8. Scatter plots for the univariate relagimps between Brook Trout, Brown

Trout, Rainbow Trout, and Arctic Graylirgage 1 CPUE (fish/km) for streams that were
sampled with electrofishing in the Big Hole Watezdlirom 1983 through 2015.

Ordinary least squares (OLS) and quantile 0.90) regression statistics for linear and
nonlinear models that describe these relationsripdisted in Table 1. The lowe3t

value among the four modelling methods is showre&mh relationship, and the
corresponding regression line is depicted on th#escplot for significant relationships

(P <0.10). Correlation coefficients)(are also shown if linear OLS regression had the
lowest significanf-value.
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Figure 9. Scatter plots for the univariate relaginps between Brook Trout, Brown
Trout, Rainbow Trout, and age-0 Arctic Grayling (P Uish/km) for streams that were
sampled with electrofishing in the Big Hole Watezdlirom 1983 through 2015.
Ordinary least squares (OLS) and quantile 0.90) regression statistics for linear and
nonlinear models that describe these relationsimpdisted in Table 2. The lowd3t
value among the four modelling methods is showreéah relationship, and the
corresponding regression line is depicted on th#escplot for significant relationships
(P <0.10). Correlation coefficients)(are also shown if linear OLS regression had the
lowest significanf-value.
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Figure 10. Boxplot of the median water temperafU@ in streams that were monitored
in the Big Hole Watershed from 1992 through 20T%butary streams (river km) to the
Big Hole River are listed in descending order tiglothe watershed from left to right
after the Big Hole River. Box plots depict the imimm, 253" percentile, median, mean
(black diamond), 78 percentile, and maximum values with horizontakbar



49

Median P =0.037 P <0.001 P <0.001 P <0.001 P =0.002 P =0.005
temperature r=-0.29 r=0.93 r=0.77 r=0.57 r=0.42 ’
o,
. \:~.. &
- 3 g
\",\'-a\ Tem%e&at““e P=0771 || P=0039 || P=0135 | | P=0507 | | P=0.304
g « ®
8 1Y :'
<He Totalhours 1| 5 5001 | | P<0.001 | | P<0.001 || P<0.001
.. “w > 18°C
R
Bt BT
(=] .
=4 L4
< o
. . Total hours
.;.!-. o/ > 21°C P <0.001 P <0.001 P < 0.001
ol ;
(o) T
(=)
o .
S 3
Total hours P <0.001
. > 23°C r=0g82 || P <0001
_/:{ ot
() T
0|
N
Total hours _
250 P =0.004
[Ye) .
[9V]
. 2 Age-1
<. \\ Arctic Grayling
T . CPUE
s' ~$°.° 5% ;. 2‘0., N A . 3..0 - .2\.
150 1000 0 4000 200 0 25

Figure 11. Scatter plots for the univariate relaiops between median water
temperature ('C), water temperature CV (EYmean), total hours 18°C, 21°C, 23°C,
and 25°C, and CPUE of Arctic Graylirgage 1 (fish/km) that were sampled in the Big
Hole Watershed from 1992 through 2015. Ordinaagtesquares (OLS) and quantie=(
0.90) regression statistics for linear and nonlimeadels that describe these relationships
are listed in Table 1. The loweRtvalue among the four modelling methods is shown fo
each relationship, and the corresponding regredisiernis depicted on the scatter plot for
significant relationshipsR< 0.10). Correlation coefficients)(are also shown if linear
OLS regression had the lowest significBatalue.
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Figure 12. Scatter plots for the univariate relaiops between median water

temperature ('C), water temperature CV (EYmean), total hours 18°C, 21°C, 23°C,
and 25°C, and age-0 Arctic Grayling CPUE (fish/khgt were sampled in the Big Hole
Watershed from 1992 through 2015. Ordinary legsaees (OLS) and quantile £

0.90) regression statistics for linear and nonlimeadels that describe these relationships
are listed in Table 2. The lowe®tvalue among the four modelling methods is shown fo
each relationship, and the corresponding regredisiernis depicted on the scatter plot for
significant relationshipsR< 0.10). Correlation coefficients)(are also shown if linear

OLS regression had the lowest significBatalue.
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Figure 13. Boxplot of the median dischargée/ghin streams that were monitored in the
Big Hole Watershed from 1988 through 2015. Tribpttreams (river km) to the Big
Hole River are listed in descending order throughwatershed from left to right after
the Big Hole River. Box plots depict the minimu&" percentile, median, mean (black
diamond), 7% percentile, and maximum values with horizontakbar
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Figure 14. Boxplot of the total days less thanaurag to minimum discharge target in
streams that were monitored in the Big Hole Watidhom 1988 through 2015.
Tributary streams (river km) to the Big Hole Riae listed in descending order through
the watershed from left to right after the Big H&lwer. Box plots depict the minimum,
25" percentile, median, mean (black diamond}" percentile, and maximum values with
horizontal bars.
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Figure 15. Scatter plots for the univariate relaginps between total dagsminimum
discharge target, maximum discharg€/@); median discharge ff8), maximum
discharge/watershed area f[g)/ha), median discharge/watershed ared/gjtha), and
CPUE of Arctic Grayling> age 1 (fish/km) that were sampled in the Big HMatershed
from 1988 through 2015. Ordinary least squaresS)aind quantilet(= 0.90) regression
statistics for linear and nonlinear models thatdbs these relationships are listed in
Table 1. The lowed®-value among the four modelling methods is showreéxh
relationship, and the corresponding regressioni$irepicted on the scatter plot for
significant relationshipsR< 0.10). Correlation coefficients)(are also shown if linear
OLS regression had the lowest significBatalue.
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Figure 16. Scatter plots for the univariate relaginps between total dagsminimum
discharge target, maximum discharg€/@); median discharge ff8), maximum
discharge/watershed area f[g)/ha), median discharge/watershed ared/gjtha), and
age-0 Arctic Grayling CPUE (fish/km) that were s&adpin the Big Hole Watershed
from 1988 through 2015. Ordinary least squaresS)aind quantilet(= 0.90) regression
statistics for linear and nonlinear models thatdbs these relationships are listed in
Table 2. The lowed®-value among the four modelling methods is showreéxh
relationship, and the corresponding regressioni$irepicted on the scatter plot for
significant relationshipsR< 0.10). Correlation coefficients)(are also shown if linear
OLS regression had the lowest significBatalue.
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Figure 17. Scatter plots for the univariate relaginps between the riparian assessment
total score, geomorphic subcategory score, vegetatibcategory score, and functional
subcategory score, and the CPUE of Arctic Graytirage 1 (fish/km) that were sampled
in the Big Hole Watershed from 2005 through 200sdinary least squares (OLS) and
guantile £€=0.90) regression statistics for linear and norlimaodels that describe these
relationships are listed in Table 1. The lowstalue among the four modelling
methods is shown for each relationship, and theesponding regression line is depicted
on the scatter plot for significant relationships(0.10). Correlation coefficients)(are
also shown if linear OLS regression had the lowagtificantP-value.
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Figure 18. Scatter plots for the univariate relaginps between the riparian assessment
total score, geomorphic subcategory score, vegetatibcategory score, and functional
subcategory score, and age-0 Arctic Grayling CPla/km) that were sampled in the
Big Hole Watershed from 2005 through 2015. Ordiraast squares (OLS) and quantile

35 60 12

23 13

26 3

(t=0.90) regression statistics for linear and nomlinaodels that describe these
relationships are listed in Table 2. The lowstalue among the four modelling

methods is shown for each relationship, and theesponding regression line is depicted
on the scatter plot for significant relationships(0.10). Correlation coefficients)(are

also shown if linear OLS regression had the lowagtificantP-value.
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APPENDIX A

SUMMARY OF ARCTIC GRAYLING CPUE (FISH/KM), NONNATNE
SALMONID, TEMPERATURE, DISCHARGE, AND RIPARIAN ASSESMENT

DATA COLLECTION

Summary of data used in analyses by year andidocg.g., stream, river km,
watershed area [ha], upstream latitude and longjtddwnstream latitude and longitude).
For Big Hole River reaches, river km indicates distance to the top of the sample reach
to the confluence with the Jefferson River, andttfibutary reaches, river km indicates

the distance from the mouth of the tributary to¢bafluence with the Jefferson River.



>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.33445, 45.35098,
River 22€  2957¢ -113.4406. -113.4434 200¢ O 0 X
200t O 0 X
200¢ O 0 X X
2007 O 0 X X
200¢ O 0 X
200¢ O 0 X X X
201C O 0 X X
2011 O 0 X X
201z O 0 X X
45.38281, 45.40522,
221 10198( -113.4339° -113.4408 200t 0.29 0 X X o
200¢ O 0 X ~
2007 O 0 X X
200¢ O 0 X
200¢ O 0 X
201C O 0 X X
2011 O 0 X X
201z O 0 X X X X
201 O 0 X X X
2012 O 0 X X X
201t O 0 X X X
45.40522, 45.44048,
217 10977( -113.4408 -113.4565 200t O 0 X X X

2006 O 0




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.40522, 45.44048,
River 217 10977( -113.4408 -113.4565 2007 O 0 X X
200¢ O 0 X
200¢ O 0 X X
201¢ O 0 X X
45.44048, 45.47756,
214 12385 -113.4565 -113.4865 1997 0.1¢ 0
199¢ 0.1¢ 0
200¢ O 0 X
200t O 0 X
200¢ O 0.4 X
2007 0.1¢ 0 X o
45.47756, 45.52673, co
20¢ 13591° -113.4864 -113.4837 199z 0.2 0 X
200¢ O 0
45.56698, 45.61853,
19¢ 15705: -113.48720  -113.4569 198t  6.2¢ 0
198¢ 3.2t 6.1¢
1987 1.57 0.3C
198¢ 1.48 7.37 X
199C 4.23 4.13 X
1991 1.77 0.4¢ X
1992  0.9¢ 5.6C X X
199: 5.41 0.3¢ X
1998  1.0¢ 0.79 X X




>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.56698, 45.61853,
River 19¢ 15705: -113.48720  -113.4569  199¢  0.4¢ 0 X
1997  1.0¢ 0.2C X
199¢ 0.79 0.3C X
200z O 0.9¢ X
200¢  0.89 0.2C X X
200t 0.3¢ 0 X X
2006 O 1.67 X X X X
2007 0.2C 0.3 X X X
200¢ O 0 X X X
200¢  0.5¢ 0.1C X X X
201C 020 0.20 X X X Q
2011 0.89 0.2C X X X
201z 0.4¢ 0 X X X X
201 O 0 X X X
201z O 0.30 X X X X
201t 0.3¢ 0.10 X X X
45.61853, 45.67197,
187 18053! -113.4569 -113.4525. 198: 2.6t 0
198  6.11 0
198t 7.15 0
1987 2.C8 0
198¢ 2.2 2.77
199C 3.11 1.8t

1991 5.65 2.C8




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.61853, 45.67197,
River 187 18053! -113.4569 -113.4525  199: 2.4: 0.12
199¢ 4.1t 1.1¢
199t 2.2 1.¢4
199¢ 1.4 0.12
1997 2.4 0.2
199¢  3.11 0.12
199¢ 1.61 0.12
200C 0.12 0.2c
200z O 3.8C
200¢  0.12 0.58 X
200t  0.35 1.C4 X S
200¢ 0.12 2.54 X
2000 O 150 X X
200¢ 0.9z 0.1 X
200¢ 0.35 0.35 X
2011 0.2t 0.4¢€ X
45.67197, 45.70843,
17¢ 27707 -113.4525.  -113.4264. 199z 0.11 0.11 X
199: 0.5 0.46
45.75238, 45.80773,
15¢  32188: -113.3661' -113.3131° 199z 0.21 3.E2 X X
199: 0.21 0.21 X
200t 0.11 0.11 X X
2006 O 0 X X X




>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.75238, 45.80773,
River 15¢  32188: -113.3661' -113.3131 2007 0.31 0.8t X X X
200¢  0.5: 0.5 X X X
200¢ 0.75 0 X X X
201C 2.8¢ 0.57 X X X
2011 0.21 0 X X X
201z 2.z4 0.3z X X X
201: 0.e4 0.11 X X
201¢ 0.8t 0.5 X X X
201t 0.21 0.8t X X
45.80773, 45.84222,
147 33768 -113.3131 -113.2512  199: 1.7% 0 ~
45.84222, 45.85825, =
14C  40982( -113.2512. -113.0844. 199t  1.97 0
45.88472, 45.85825,
131 40982( -113.18021 -113.0844.  199: 2.0t 0 X
199t  2.0% 0 X
199¢ 2.9 0.23 X
1997 4.0¢ 0 X
199¢ 1.82 0
199¢ 4.€6 0
45.88435, 45.85825,
12¢  40982( -113.13320  -113.0844. 200z 0.t7 0
200¢  0.€8 0
2008 O 0 X
2006 O 0




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Big Hole 45.88435, 45.85825,
River 12¢  40982( -113.13320  -113.0844. 2007 O 0 X X X
200¢  0.2C 0 X X
200¢ O 0 X X X
201C 0.2 0 X X X
2011  0.4C 0 X X X X
201z 1.1 0 X X X
201 0.6 0 X X X
2012 O 0 X X X
201t 0.6C 0 X X X
45.85825, 45.85078,
12C  40982( -113.0844; -113.0687  199C  12.0¢ 0 ~
Berry 45.27088, 45.27533, N
Creel 245 388t -113.4699° -113.4640 200¢ O 0 X
Governor 45.35112, 45.37127,
Creel 224  3537¢ -113.4093 -113.4244 200t O 0 X X
200¢ O 0 X X
2007 O 0 X X X
200¢ O 0 X X
200¢ O 0 X X
201C O 0 X X
2011 O 0 X X
201z O 0 X X
Miner 45.43071, 45.43561,
Creel 21€  779( -113.4672.  -113.4607 200t O 0 X
2006 O 0 X




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Miner 45.43071, 45.43561,
Creel 21€  779%( -113.4672.  -113.4607 2007 O 0 X X
200¢ O 0 X X
200¢ O 0 X X X
201C O 0 X X X X
2011 O 0 X X X
201z O 0 X X X X
201t O 0 X X X
Big Lake 45.54707, 45.57511,
Creel 18¢ 1230¢ -113.49920  -113.4868 200t O 0 X
2006 O 0 X X X
2011 1.3¢ 0 X ~
Rock 45.56025, 45.58002, w
Creel 18€ 1195( -113.5063! -113.4875 200t O 0 X
200¢ O 0.36 X
2007 O 0 X X
200¢ O 0 X X X
200¢ O 0 X X
2014 0.6t 3.26 X X
201t O 0.44 X X
Steel 45.63537, 45.66473,
Creel 17¢ 1942( -113.4434.  -113.44446 19¢0  10.€8 7.€9
1991  3.2C 1.9z
199: 5.77 12.81
199: 0.8t 2.9¢




>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment

Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Steel 45.63537, 45.66473,
Creel 17¢ 1942( -113.4434.  -113.44446 199¢  4.27 4.C6

199t  2.5¢ 11.1¢(

199¢  4.4¢ 9.€1

1997 1.9 3.42

199¢  2.9¢ 3.8¢4

199¢  3.6% 1.9z X

200C 15C 0.43

200z 1.c7 1.C7

200: 0.8t 15.8(

200¢ 0.8t 0.64 X

2008 0 0.64 X X X N

200€ 0.6 21.57 X X X

2007 2.4 13.4f X X X X

200¢  6.€2 3.42 X X X

200¢ 2.35 13.74 X X X

201C 2.4 2.5¢ X X X

2011  4.27% 5.13 X X

201z 2.3 0.64 X X X

201z 1.c7 1.9z X X

2014 2.4 6.82 X X

201t 2.5¢ 6.41 X X X

45.62171, 45.63537,
-113.4383  -113.4434  200¢ 0.33 0

200€¢ O 0 X

X




>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Swamp 45.65912, 45.67884,
Creel 178 1350¢ -113.4698  -113.4675 199z 0.4¢ 21.2¢ X X
200z 311 56.5¢ X
200¢  0.6¢ 7.3¢ X X
200t 0.2t 2.C8 X X
200¢ O 6.24 X X
2007 0.2t 4.62 X X X
200¢  0.6¢ 3.0C X X
200¢ O 3.7¢ X X
201C 0.2t 7.62 X X
2011 1.29 7.1¢€ X X
201:  0.97 5.€1 X >
201¢  1.16 8.7¢ X X
201t 0.6¢ 8.22 X
45.63150, 45.65912,
-113.5010¢ -113.4698 200/ 0.6C 0.1t X
200¢  1.C5 0.75 X
200¢ 1.C5 5.2¢
North
Fork
Big Hole 45.69612, 45.70564,
River 165 7279 -113.56101 -113.4592 200: 1.4 1.€4
2008 O 0 X
200¢ O 0 X X
2007 O 0 X
201z O 0 X X
201t O 0 X X




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Howell 45.73792, 45.732086,
Creel 164 543t -113.4182.  -113.4115 2011 0.1 1.61
201z  0.4C 3.21
Plimpton 45.73596, 45.73456,
Creel 162 1217 -113.44000 -113.4063 ~ 200¢ 2.74 13.(6 X
201C 0.57 11.7¢ X X
2011 2.3t 2.11 X
201z 18.3: 7.17 X
201z 2.8C 1.4C
201t 1.€7 1.4C X X
45.74717, 45.73591,
-113.4588 -113.4402 2011 0.3t 0 X X
Pintlar 45.75620, 45.75167, >
Creel 157 7691 -113.3814. -113.3825 200¢ O 0 X X
200¢  0.€3 12.0¢
2011  2.3¢ 2.3¢
201: 1.€8 0.84
York 45.81356, 45.80004,
Gulct 151  305¢ -113.3565. -113.3491  200¢ 0.8t 34.4 X
200¢  0.8¢ 132
Squaw 45.80750, 45.80839,
Creel 148 559¢ -113.3347. -113.3222. 2007 O 12.7¢
201z 4.1¢ 15.68
Fishtrap 45.87433, 45.86865,
Creel 13t 1314: -113.2368 -113.2262 200  15.5: 19.72
2004  23.9( 32.2¢
200t 4.7¢ 1.7¢
200€  8.9¢ 1.2C




>Age-1  Age-0
Arctic Arctic
Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment
Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Fishtrap 45.87433, 45.86865,
Creel 13t 1314: -113.2368 -113.2262° 2007  16.7: 7.17 X X
200¢  14.3¢ 0 X
200¢  16.7:¢ 2.9¢ X
201C 0.6C 0 X
2011  2.9¢ 0.6C X
LaMarche 45.88471, 45.87494,
Creel 13: 1282% -113.2035  -113.1970. 199: 4.2¢ 0 X
200z  39.1¢ 0 X
200:  18.7: 8.51 X
200¢  17.8¢ 9.9z X X
200t 8.51 1.7¢ X X ~
2006 11.9:  3.41 X X X ~
2007  10.5¢ 5.2¢ X X
200¢ 7.6 0.51 X
200¢  4.6: 0.6¢€ X X
201C 1.3¢ 0.6¢€ X X
2011 1.3z 0.6¢€ X X X
201z 0.6¢€ 0 X X
201¢ 6.61 0 X X X X
Seymour 45.88785, 45.88264,
Creel 12e  855( -113.1446. -113.1434 200t 0.9t 0 X
200¢  1.8¢ 0 X
Seymour 45.88785, 45.88264,
Creel 12¢  855( -113.1446. -113.1434 2007 O 1.8¢ X
200¢  2.7¢ 0 X




>Age-1  Age-0
Arctic Arctic

Grayling Grayling Nonnative Riparian
River Watershed Upstream  Downstream CPUE CPUE salmonid Temperature Discharge assessment

Strean km area (he  waypoin waypoin Yeal  (fish/km) (fish/km) date dat¢ dat¢ dat¢
Deep 45.90063, 45.88326,
Creel 12€ 2754 -113.1089" -113.1171  198¢  10.0% 0

199C 6.7C 0

1991 1.62 0

199 1.62 3.7¢ X

199:  48.0¢ 3.7¢

1998 22.6¢ 2.1€ X
199¢  4.8¢ 0 X

1997 16.21 7.51 X

199¢  6.21 0 X

2001  10.23 0.5¢ X

200z 2.7C 0.52 >
200z 15.1% 3.2¢

200¢  5.4C 4.3z X

2008 3.3t 0.37 X X

2006 2.7C 0.5¢ X

2007 1.6Z 1.0¢ X

200¢  0.37 0.37 X

200¢  2.61 0 X

201C 3.3t 1.4¢ X

2011 2.2¢ 0 X X

201z 7.2€ 0 X

201  6.8¢€ 0 X

201¢  5.2¢ 0 X

2015 4.8F 0.44 X X
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APPENDIX B

RELATIONSHIPS BETWEEN NONNATIVE SALMONID CPUE AND BIOTIC

CONDITIONS

Relationships between nonnative salmonid CPUIB/Km) and temperature,
discharge, or habitat condition metrics are eveldiat this appendix. The methods used
to collect and summarize the data and model tlatioakhips are described in the

Methods section of this manuscript.



80

150+

-

o

o
1

[9)]
o
1

Brook Trout CPUE (fish/km)

0 T T .I o T T
10 11 12 13 14 15 16 17
Median temperature (°C)

Figure 1. Scatter plot relating Brook Trout CPUBHfkm) and median water
temperature ("ON=100) with a linear ordinary least squares regoeskne (black solid;
Brook Trout CPUE=91.454-3.9%8edian temperatur®=0.105), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=126.9€&xp(-0.091
‘median temperaturel=0.163), linear quantilec£0.90) regression line (black dashed;
Brook Trout CPUE=164.48-6.0#8edian temperatur®=0.518), and nonlinear quantile
(t=0.90) regression line (gray dotted; Brook TroutJER2218.81exp(-0.072median
temperature)P=0.482) from data that were collected in the Bidd-\¥atershed from
1992 through 2015.
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Figure 2. Scatter plot relating Brook Trout CPUBHfkm) and water temperature CV
(°C; 100SD/meanN=100) with a linear ordinary least squares regogsbie (black
solid; Brook Trout CPUE=73.807-3.1T@mperature CVPP=0.133), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=83.90@xp(-0.071
-temperature CV)P=0.212), linear quantilec£0.90) regression line (black dashed;
Brook Trout CPUE=264.39-15.26&mperature CVP=0.016), and nonlinear quantile
(t=0.90) regression line (gray dotted; Brook TroulJER2781.81exp(-0.191temperature
CV); P=0.023) from data that were collected in the BigeH&atershed from 1992
through 2015.
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Figure 3. Scatter plot relating Brook Trout CPUHfkm) and water temperature total
hours> 18°C (18C;N=100) with a linear ordinary least squares regoeskne (black

solid; Brook Trout CPUE=46.758-0.028C;P=0.096), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=8#dXp(-0.0005.8C); P=0.119),
linear quantile{=0.90) regression line (black dashed; Brook TroetJE=93.141-
0.02618C;P=0.513), and nonlinear quantile=0.90) regression line (gray dotted; Brook
Trout CPUE=93.834xp(-0.0003L8C); P=0.582) from data that were collected in the
Big Hole Watershed from 1992 through 2015.
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Figure 4. Scatter plot relating Brook Trout CPUHfkm) and water temperature total
hours> 21°C (21C)N=100) with a linear ordinary least squares regoeskne (black

solid; Brook Trout CPUE=43.222-0.0@4C;P=0.042), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=43ekp(-0.0021C);P=0.074),

linear quantile=0.90) regression line (black dashed; Brook TroRtUE=117.70
-0.26221C;P=0.023), and nonlinear quantile=0.90) regression line (gray dotted;
Brook Trout CPUE=107.36xp(-0.00221C);P=0.147) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 5. Scatter plot relating Brook Trout CPUBHfkm) and water temperature total
hours> 23°C (23C)N=100) with a linear ordinary least squares regoeskne (black

solid; Brook Trout CPUE=41.288-0.1@3C;P=0.021), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=23eXp(-0.00523C); P=0.090),

linear quantile=0.90) regression line (black dashed; Brook TroRtUE=91.423
-0.40323C;P<0.001), and nonlinear quantile=0.90) regression line (gray dotted;
Brook Trout CPUE=100.2dxp(-0.0083C);P=0.147) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 6. Scatter plot relating Brook Trout CPUHfkm) and water temperature total
hours> 25°C (25CN=100) with a linear ordinary least squares regoeskne (black

solid; Brook Trout CPUE=38.441-0.62bC;P=0.034), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=3e&p(-0.0525C); P=0.152),

linear quantile=0.90) regression line (black dashed; Brook TroRtUE=88.300
-1.02325C;P=0.291), and nonlinear quantile=0.90) regression line (gray dotted;
Brook Trout CPUE=90.308xp(-0.06725C); P<0.001) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 7. Scatter plot relating Brown Trout CPUEHKfkm) and median water
temperature ("ON=100) with a linear ordinary least squares regoeskne (black solid;
Brown Trout CPUE=2.499+0.148edian temperatur®=0.841), nonlinear ordinary
least squares regression line (gray dashed; Browat TPUE=3.43Exp(0.021Imedian
temperature)P=0.900), linear quantilec£0.90) regression line (black dashed; Brown
Trout CPUE=-13.444+1.84dhedian temperatur®=0.580), and nonlinear quantile
(t=0.90) regression line (gray dotted; Brown TroutUE211.83%xp(0.004median
temperature)P=0.986) from data that were collected in the Bidd-\¥atershed from
1992 through 2015.
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Figure 8. Scatter plot relating Brown Trout CPUEHKfkm) and water temperature CV
(°C; 100SD/meanN=100) with a linear ordinary least squares regogsbine (black
solid; Brown Trout CPUE=13.178-0.78mperature CVP=0.251), nonlinear ordinary
least squares regression line (gray dashed; Browat TPUE=43.39@xp(-0.196
-temperature CV)P=0.144), linear quantilec£0.90) regression line (black dashed;
Brown Trout CPUE=60.491-3.78émperature CVP=0.199), and nonlinear quantile
(t=0.90) regression line (gray dotted; Brown TroutUER2175.41exp(-0.207
-temperature CV)P=0.163) from data that were collected in the Bigea-Mvatershed
from 1992 through 2015.
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Figure 9. Scatter plot relating Brown Trout CPUEHKfkm) and water temperature total
hours> 18°C (18C;N=100) with a linear ordinary least squares regoeskne (black

solid; Brown Trout CPUE=5.750-0.0a8C;P=0.525), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=6&¢(-0.000418C); P=0.626),
linear quantile{=0.90) regression line (black dashed; Brown TroRUE=17.990
-0.00918C;P=0.679), and nonlinear quantile=0.90) regression line (gray dotted;
Brown Trout CPUE=18.02&xp(-0.00061L8C); P=0.654) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 10. Scatter plot relating Brown Trout CPWEh/km) and water temperature total
hours> 21°C (21C)N=100) with a linear ordinary least squares regoeskne (black

solid; Brown Trout CPUE=5.315-0.0@4.C; P=0.454), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=%&§(-0.00121C); P=0.587),

linear quantile{=0.90) regression line (black dashed; Brown TroReUE=16.744
-0.02221C;P=0.596), and nonlinear quantile=0.90) regression line (gray dotted;
Brown Trout CPUE=14.63&xp(-0.00081C);P=0.816) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 11. Scatter plot relating Brown Trout CPWEh/km) and water temperature total
hours> 23°C (23C)N=100) with a linear ordinary least squares regoeskne (black
solid; Brown Trout CPUE=5.255-0.028C;P=0.276), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=b&&(-0.00523C); P=0.467),

linear quantile{=0.90) regression line (black dashed; Brown TroReUE=16.744
-0.06323C; P=0.450), and nonlinear quantile=0.90) regression line (gray dotted;
Brown Trout CPUE=16.688xp(-0.00423C); P=0.597) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 12. Scatter plot relating Brown Trout CPWEh/km) and water temperature total
hours> 25°C (25CN=100) with a linear ordinary least squares regoeskne (black
solid; Brown Trout CPUE=4.829-0.02%5C;P=0.343), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=5&&(-0.06425C); P=0.536),

linear quantile{=0.90) regression line (black dashed; Brown TroReUE=16.744
-0.19725C;P=0.455), and nonlinear quantile=0.90) regression line (gray dotted;
Brown Trout CPUE=16.746xp(-0.04125C);P=0.312) from data that were collected in
the Big Hole Watershed from 1992 through 2015.
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Figure 13. Scatter plot relating Rainbow Trout CP({figh/km) and median water
temperature ("ON=100) with a linear ordinary least squares regoeskne (black solid;
Rainbow Trout CPUE=6.466-0.3®8edian temperatur®=0.134), nonlinear ordinary
least squares regression line (gray dashed; Raiffibowt CPUE=16.588xp(-0.180
‘median temperaturel=0.262), linear quantilec£0.90) regression line (black dashed;
Rainbow Trout CPUE=28.776-1.70dedian temperatur®=0.017), and nonlinear
guantile £€=0.90) regression line (gray dotted; Rainbow TIGBUE=116.74xp(-0.230
‘median temperaturelp=0.273) from data that were collected in the Bige-MvVatershed
from 1992 through 2015.
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Figure 14. Scatter plot relating Rainbow Trout CPi&h/km) and water temperature
CV (°C; 100SD/meanfN=100) with a linear ordinary least squares regoesbne (black
solid; Rainbow Trout CPUE=-2.396+0.3&3nperature CVP=0.124), nonlinear
ordinary least squares regression line (gray dasRadbow Trout CPUE=0.119
-exp(0.20temperature CV)P=0.161), linear quantiler£0.90) regression line (black
dashed; Rainbow Trout CPUE=-6.200+0.9@8perature CVIP=0.230), and nonlinear
guantile €=0.90) regression line (gray dotted; Rainbow TIGRUE=0.374exp(0.200
-temperature CV)P=0.338) from data that were collected in the Bige-Mvatershed

from 1992 through 2015.
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Figure 15. Scatter plot relating Rainbow Trout CP({figh/km) and water temperature
total hours> 18°C (18C;N=100) with a linear ordinary least squares regoeskne

(black solid;

Rainbow Trout CPUE=2.173-0.002C;P=0.215), nonlinear ordinary least

squares regression line (gray dashed; Rainbow TCBWE=2.164xp(-0.00118C);
P=0.304), linear quantiler£0.90) regression line (black dashed; Rainbow Trout
CPUE=9.090-0.0028C;P=0.043), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=9.3@&p(-0.00118C); P=0.281) from data that were
collected in the Big Hole Watershed from 1992 tigto2015.
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Figure 16. Scatter plot relating Rainbow Trout CP{figh/km) and water temperature
total hours> 21°C (21C;N=100) with a linear ordinary least squares regoeskne

(black solid; Rainbow Trout CPUE=1.710-0.G@BC;P=0.366), nonlinear ordinary least
squares regression line (gray dashed; Rainbow TCBWE=1.704&xp(-0.0021C);
P=0.459), linear quantiler£0.90) regression line (black dashed; Rainbow Trout
CPUE=7.243-0.02Q1C;P=0.259), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=6.7#9p(-0.00321C); P=0.542) from data that were
collected in the Big Hole Watershed from 1992 tigto2015.
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Figure 17. Scatter plot relating Rainbow Trout CP({figh/km) and water temperature
total hours> 23°C (23C;N=100) with a linear ordinary least squares regoeskne

(black solid; Rainbow Trout CPUE=1.594-0.0@8C; P=0.378), nonlinear ordinary least
squares regression line (gray dashed; Rainbow TCBWE=1.57%xp(-0.00423C);
P=0.550), linear quantiler£0.90) regression line (black dashed; Rainbow Trout
CPUE=5.245-0.0223C;P=0.548), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=5.384p(-0.0083C); P=0.678) from data that were
collected in the Big Hole Watershed from 1992 tigto2015.
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Figure 18. Scatter plot relating Rainbow Trout CP{figh/km) and water temperature
total hours> 25°C (25C;N=100) with a linear ordinary least squares regoeskne

(black solid; Rainbow Trout CPUE=1.516-0.035C;P=0.251), nonlinear ordinary least
squares regression line (gray dashed; Rainbow TCBWE=1.63%xp(-0.14125C);
P=0.542), linear quantiler£0.90) regression line (black dashed; Rainbow Trout
CPUE=4.846-0.0525C;P=0.471), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=5.2@9p(-0.31625C); P=0.870) from data that were
collected in the Big Hole Watershed from 1992 tigto2015.
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Figure 19. Scatter plot relating Brook Trout CPUWiEh/km) and total days minimum
discharge target (DisMil\l=66) with a linear ordinary least squares regreskie

(black solid; Brook Trout CPUE=43.605-0.0B&Min; P=0.409), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=43.62%8xp(-0.002
-‘DisMin); P=0.426), linear quantilec£0.90) regression line (black dashed; Brook Trout
CPUE=89.702-0.19DisMin; P=0.227), and nonlinear quantite=0.90) regression line
(gray dotted; Brook Trout CPUE=89.782p(-0.003DisMin); P=0.210) from data that
were collected in the Big Hole Watershed from 1888ugh 2015.
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Figure 20. Scatter plot relating Brook Trout CPUiEh/km) and maximum discharge
(m¥s; DisMax;N=71) with a linear ordinary least squares regreski® (black solid;
Brook Trout CPUE=45.610-0.38%isMax; P=0.022), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=8¥eXp(-0.014DisMax);

P=0.073), linear quantiler£0.90) regression line (black dashed; Brook TroRtUE
=83.626-0.73"DisMax; P=0.097), and nonlinear quantitle=0.90) regression line (gray
dotted; Brook Trout CPUE=100.1%%p(-0.017DisMax); P=0.160) from data that were
collected in the Big Hole Watershed from 1988 tigto2015.
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Figure 21. Scatter plot relating Brook Trout CPUiEh/km) and median discharge s
DisMed; N=59) with a linear ordinary least squares regreshi® (black solid; Brook
Trout CPUE=42.195-1.21BisMed; P=0.468), nonlinear ordinary least squares
regression line (gray dashed; Brook Trout CPUE=838eXp(-0.066DisMed); P=0.343),
linear quantile=0.90) regression line (black dashed; Brook TroRtUE=79.630+0.496
-‘DisMed; P=0.904), and nonlinear quantile=0.90) regression line (gray dotted; Brook
Trout CPUE=82.11@xp(0.003DisMed); P=0.942) from data that were collected in the
Big Hole Watershed from 1988 through 2015.
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Figure 22. Scatter plot relating Brook Trout CPUiEh/km) and maximum
discharge/watershed area f[g)/ha; DisMaxWA;N=71) with a linear ordinary least
squares regression line (black solid; Brook TroBtUE=32.008+21745:RisMaxWA,
P=0.195), nonlinear ordinary least squares regradsie (gray dashed; Brook Trout
CPUE=33.432xp(470.3DisMaxWA); P=0.217), linear quantiler£0.90) regression
line (black dashed; Brook Trout CPUE=73.298+198@MisMaxWA; P=0.582), and
nonlinear quantiletE0.90) regression line (gray dotted; Brook TroutUE279.295
-exp(17.39DisMaxWA); P=0.970) from data that were collected in the BigeHo
Watershed from 1988 through 2015.
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Figure 23. Scatter plot relating Brook Trout CPUiEh(km) and median
discharge/watershed area f[g)/ha; DisMedWA;N=59) with a linear ordinary least
squares regression line (black solid; Brook TroBtUE=34.670+128511-DisMedWA,;
P=0.156), nonlinear ordinary least squares regradsie (gray dashed; Brook Trout
CPUE=36.32@&xp(2264.DisMedWA); P=0.218), linear quantiler£0.90) regression
line (black dashed; Brook Trout CPUE=73.384+14:D88ViedWA; P=0.535), and
nonlinear quantiletE0.90) regression line (gray dotted; Brook TroutUE270.795
-exp(2129.DisMedWA); P=0.435) from data that were collected in the BigeHo
Watershed from 1988 through 2015.
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Figure 24. Scatter plot relating Brown Trout CPWEh/km) and total days minimum
discharge target (DisMi\l=66) with a linear ordinary least squares regreskie

(black solid; Brown Trout CPUE=7.766-0.0B6sMin; P=0.256), nonlinear ordinary
least squares regression line (gray dashed; Browuat TPUE=8.33%xp(-0.010

-‘DisMin); P=0.238), linear quantilec£0.90) regression line (black dashed; Brown Trout
CPUE=24.066-0.0*BisMin; P=0.605), and nonlinear quantite=0.90) regression line
(gray dotted; Brown Trout CPUE=24.66%p(-0.004DisMin); P=0.549) from data that
were collected in the Big Hole Watershed from 1888ugh 2015.
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Figure 25. Scatter plot relating Brown Trout CPWEh/km) and maximum discharge
(m¥s; DisMax;N=71) with a linear ordinary least squares regreski® (black solid;
Brown Trout CPUE=4.738+0.032isMax; P=0.623), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=&6(0.003DisMax); P=0.751),
linear quantile{=0.90) regression line (black dashed; Brown TroRtUE=13.839+0.239
-‘DisMax; P=0.664), and nonlinear quantile=0.90) regression line (gray dotted; Brown
Trout CPUE=17.842xp(0.00eDisMax); P=0.782) from data that were collected in the
Big Hole Watershed from 1988 through 2015.
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Figure 26. Scatter plot relating Brown Trout CPUWiEh/km) and median discharge
(m¥s; DisMed;N=71) with a linear ordinary least squares regreski® (black solid;
Brown Trout CPUE=4.522+0.8isMed; P=0.232), nonlinear ordinary least squares
regression line (gray dashed; Brown Trout CPUE=G8&(0.057DisMed); P=0.428),
linear quantile{=0.90) regression line (black dashed; Brown TroRtUE=8.621+8.444
-‘DisMed; P=0.195), and nonlinear quantile=0.90) regression line (gray dotted; Brown
Trout CPUE=15.542xp(0.072DisMed); P=0.840) from data that were collected in the
Big Hole Watershed from 1988 through 2015.
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Figure 27. Scatter plot relating Brown Trout CPWEh/km) and maximum
discharge/watershed area f[g)/ha; DisMaxWA;N=71) with a linear ordinary least
squares regression line (black solid; Brown TroBtUE=7.853-7612:DisMaxWA,;
P=0.224), nonlinear ordinary least squares regradsie (gray dashed; Brown Trout
CPUE=8.01%xp(-1315.DisMaxWA); P=0.402), linear quantiler£0.90) regression
line (black dashed; Brown Trout CPUE=25.202-238@MaxWA; P=0.215), and
nonlinear quantilet€0.90) regression line (gray dotted; Brown TroutJ&230.150
-exp(-1994.DisMaxWA); P=0.443) from data that were collected in the BideHo
Watershed from 1988 through 2015.
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Figure 28. Scatter plot relating Brown Trout CPWEh/km) and median
discharge/watershed area f[g)/ha; DisMedWA;N=59) with a linear ordinary least
squares regression line (black solid; Brown TroBtJE=6.338-10488:bisMedWA,
P=0.775), nonlinear ordinary least squares regradsie (gray dashed; Brown Trout
CPUE=6.233xp(-1333.DisMedWA); P=0.848), linear quantiler£0.90) regression
line (black dashed; Brown Trout CPUE=17.713+67248sMedWA; P=0.444), and
nonlinear quantilet€0.90) regression line (gray dotted; Brown TroutJE218.879
-exp(2058.DisMedWA); P=0.781) from data that were collected in the BigeHo
Watershed from 1988 through 2015.
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Figure 29. Scatter plot relating Rainbow Trout CP({figh/km) and total days

minimum discharge target (DisMilN=67) with a linear ordinary least squares regressio
line (black solid; Rainbow Trout CPUE=2.348-0.igMin; P=0.012), nonlinear
ordinary least squares regression line (gray dagkaicibow Trout CPUE=2.66&xp
(-0.026DisMin); P=0.096), linear quantilec£0.90) regression line (black dashed;
Rainbow Trout CPUE=4.787-0.04isMin; P=0.108), and nonlinear quantite=0.90)
regression line (gray dotted; Rainbow Trout CPUB89exp(-0.042DisMin); P=0.190)
from data that were collected in the Big Hole Wsited from 1988 through 2015.
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Figure 30. Scatter plot relating Rainbow Trout CP{igh/km) and maximum discharge
(m¥s; DisMax;N=71) with a linear ordinary least squares regreski® (black solid;
Rainbow Trout CPUE=1.136-0.0@isMax; P=0.682), nonlinear ordinary least squares
regression line (gray dashed; Rainbow Trout CPUEE8exp(-0.006DisMax);

P=0.786), linear quantiler£0.90) regression line (black dashed; Rainbow TERUE
=2.530-0.02DisMax; P=0.450), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=2.489p(-0.005DisMax); P=0.780) from data that were
collected in the Big Hole Watershed from 1988 tigto2015.
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Figure 31. Scatter plot relating Rainbow Trout CP{igh/km) and median discharge
(m¥s; DisMed;N=60) with a linear ordinary least squares regreski® (black solid;
Rainbow Trout CPUE=0.806+0.088sMed; P=0.762), nonlinear ordinary least squares
regression line (gray dashed; Rainbow Trout CPU&3®exp(0.021DisMed);

P=0.855), linear quantiler£0.90) regression line (black dashed; Rainbow TERUE
=2.334+0.06DisMed; P=0.959), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=2.7@8&p(-0.015DisMed); P=0.977) from data that were
collected in the Big Hole Watershed from 1988 tigto2015.
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Figure 32. Scatter plot relating Rainbow Trout CP{igh/km) and maximum
discharge/watershed area f[g)/ha; DisMaxWA;N=72) with a linear ordinary least
squares regression line (black solid; Rainbow T@RUE=0.799+651.8BisMaxWA;
P=0.700), nonlinear ordinary least squares regradsie (gray dashed; Rainbow Trout
CPUE=0.876&xp(443.3DisMaxWA); P=0.765), linear quantilec£0.90) regression line
(black dashed; Rainbow Trout CPUE=0.381+47&xisMaxWA; P=0.352), and
nonlinear quantiletE0.90) regression line (gray dotted; Rainbow TIGBRUE=1.349
-exp(1171.aDisMaxWA); P=0.627) from data that were collected in the BigeHo
Watershed from 1988 through 2015.
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Figure 33. Scatter plot relating Rainbow Trout CP({figh/km) and median
discharge/watershed area f[g)/ha; DisMedWA;N=60) with a linear ordinary least
squares regression line (black solid; Rainbow T@RUE=0.496+8879:BisMedWA,
P=0.162), nonlinear ordinary least squares regradsie (gray dashed; Rainbow Trout
CPUE=0.734xp(4088.8DisMedWA); P=0.406), linear quantilec£0.90) regression line
(black dashed; Rainbow Trout CPUE=-0.190+756&%5sMedWA; P=0.023), and
nonlinear quantiletE0.90) regression line (gray dotted; Rainbow TIGBRUE=1.922
-exp(7924.DisMedWA); P=0.619) from data that were collected in the BigeHo
Watershed from 1988 through 2015.
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Figure 34. Scatter plot relating Brook Trout CPWEh/km) and total riparian
assessment score (RAtbE44) with a linear ordinary least squares regresbine (black
solid; Brook Trout CPUE=61.844-0.586Atot; P=0.482), nonlinear ordinary least
squares regression line (gray dashed; Brook TrellE=63.566xp(-0.012RAt0t);
P=0.547), linear quantiler£0.90) regression line (black dashed; Brook Trout
CPUE=230.95-2.29RAtot; P=0.357), and nonlinear quantile=0.90) regression line
(gray dotted; Brook Trout CPUE=310:&Xp(-0.028RAtot); P=0.396) from data that
were collected in the Big Hole Watershed from 2€6@5ugh 2015.
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Figure 35. Scatter plot relating Brook Trout CPUiEh/km) and geomorphic riparian
assessment score (RAg@&;44) with a linear ordinary least squares regresbine

(black solid; Brook Trout CPUE=35.879+0.0R&\ge0;P=0.968), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=36.10@xp(-0.002
‘RAge0);P=0.974), linear quantilec£0.90) regression line (black dashed; Brook Trout
CPUE=33.315+2.89RAge0;P=0.633), and nonlinear quantite=0.90) regression line
(gray dotted; Brook Trout CPUE=43.8&8p(0.037RAge0);P=0.627) from data that
were collected in the Big Hole Watershed from 2€6@5ugh 2015.
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Figure 36. Scatter plot relating Brook Trout CPUWEh/km) and vegetative riparian
assessment score (RAvéds44) with a linear ordinary least squares regresbine

(black solid; Brook Trout CPUE=86.986-2.5RRAveq; P=0.151), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=136.4&xp(-0.067
‘RAveq); P=0.123), linear quantilec£0.90) regression line (black dashed; Brook Trout
CPUE=195.29-5.37BRAveg;P=0.355), and nonlinear quantile=0.90) regression line
(gray dotted; Brook Trout CPUE=788:82p(-0.104RAveq); P=0.024) from data that
were collected in the Big Hole Watershed from 2€6@5ugh 2015.
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Figure 37. Scatter plot relating Brook Trout CPUiEh/km) and functional riparian
assessment score (RAfUX+44) with a linear ordinary least squares regreskie

(black solid; Brook Trout CPUE=45.357-0.8B@fun; P=0.735), nonlinear ordinary
least squares regression line (gray dashed; Brookt TPUE=43.10&xp(-0.015
‘RAfun); P=0.811), linear quantiler€0.90) regression line (black dashed; Brook Trout
CPUE=302.86-21.43RAfun; P=0.132), and nonlinear quantile=0.90) regression line
(gray dotted; Brook Trout CPUE=248:44p(-0.120RAfun); P=0.430) from data that
were collected in the Big Hole Watershed from 2€6@5ugh 2015.
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Figure 38. Scatter plot relating Brown Trout CPUWEh/km) and total riparian
assessment score (RAtbE44) with a linear ordinary least squares regresbine (black
solid; Brown Trout CPUE=-5.887+0.24RAtot; P=0.232), nonlinear ordinary least
squares regression line (gray dashed; Brown Tré&ldE=0.94%xp(0.037RAt0t);
P=0.419), linear quantiler£0.90) regression line (black dashed; Brown TroRtUE
=-28.215+1.02RAtot; P=0.151), and nonlinear quantile=0.90) regression line (gray
dotted; Brown Trout CPUE=0.723fp(0.069RAtot); P=0.256) from data that were
collected in the Big Hole Watershed from 2005 tigto2015.
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Figure 39. Scatter plot relating Brown Trout CPWEh/km) and geomorphic riparian
assessment score (RAg@&;44) with a linear ordinary least squares regresbine
(black solid; Brown Trout CPUE=-1.337+0.4B@\geo0;P=0.423), nonlinear ordinary
least squares regression line (gray dashed; Broosut TPUE=2.19&xp(0.053RAge0);
P=0.419), linear quantiler£0.90) regression line (black dashed; Brown TroRtUE
=-16.462+2.114RAge0;P=0.285), and nonlinear quantitle=0.90) regression line (gray
dotted; Brown Trout CPUE=6.4#Xp(0.056RAge0);P=0.721) from data that were
collected in the Big Hole Watershed from 2005 tigto2015.
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Figure 40. Scatter plot relating Brown Trout CPWEh/km) and vegetative riparian
assessment score (RAvéds44) with a linear ordinary least squares regresbine
(black solid; Brown Trout CPUE=-2.504+0.3B@veg; P=0.406), nonlinear ordinary
least squares regression line (gray dashed; Broosat TPUE=1.422xp(0.065RAveQ);
P=0.510), linear quantiler£0.90) regression line (black dashed; Brown TroRtUE
=-10.804+1.56(RAveg; P=0.390), and nonlinear quantile=0.90) regression line (gray
dotted; Brown Trout CPUE=3.138p(0.093RAveq); P=0.379) from data that were
collected in the Big Hole Watershed from 2005 tigto2015.
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Figure 41. Scatter plot relating Brown Trout CPWEh/km) and functional riparian
assessment score (RAfUX+44) with a linear ordinary least squares regreskie
(black solid; Brown Trout CPUE=-5.356+1.0RAfun; P=0.097), nonlinear ordinary
least squares regression line (gray dashed; Braowat TPUE=0.582xp(0.216RAfun);
P=0.324), linear quantiler£0.90) regression line (black dashed; Brown TroRtUE
=-11.129+2.89RAfun; P=0.010), and nonlinear quantile=0.90) regression line (gray
dotted; Brown Trout CPUE=0.32f&p(0.376RAfun); P=0.249) from data that were
collected in the Big Hole Watershed from 2005 tigto2015.
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Figure 42. Scatter plot relating Rainbow Trout CP{i§h/km) and total riparian
assessment score (RAtbE44) with a linear ordinary least squares regresbine (black
solid; Rainbow Trout CPUE=-0.629+0.0B&\tot; P=0.465), nonlinear ordinary least
squares regression line (gray dashed; Rainbow TCBUWE=0.28%xp(0.028RAto0t);
P=0.608), linear quantiler£0.90) regression line (black dashed; Rainbow TERUE
=-5.376+0.19RAtot; P=0.281), and nonlinear quantile=0.90) regression line (gray
dotted; Rainbow Trout CPUE=0.882p(0.034RAt0t); P=0.562) from data that were
collected in the Big Hole Watershed from 2005 tigto2015.
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Figure 43. Scatter plot relating Rainbow Trout CP({figh/km) and geomorphic riparian
assessment score (RAg@&;44) with a linear ordinary least squares regresbine
(black solid; Rainbow Trout CPUE=-0.149+0.0R2geo0;P=0.553), nonlinear ordinary
least squares regression line (gray dashed; Raifilbowt CPUE=0.45xp(0.051
‘RAge0);P=0.681), linear quantilec£0.90) regression line (black dashed; Rainbow
Trout CPUE=-3.588+0.46RAge0;P=0.263), and nonlinear quantile=0.90) regression
line (gray dotted; Rainbow Trout CPUE=1.624¢p(0.057RAge0);P=0.629) from data
that were collected in the Big Hole Watershed 2005 through 2015.
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Figure 44. Scatter plot relating Rainbow Trout CP({igh/km) and vegetative riparian
assessment score (RAvéds44) with a linear ordinary least squares regresbine
(black solid; Rainbow Trout CPUE=-1.140+0.1RBveg; P=0.337), nonlinear ordinary
least squares regression line (gray dashed; Raifilbowt CPUE=0.222xp(0.076
‘RAveq); P=0.535), linear quantilec£0.90) regression line (black dashed; Rainbow
Trout CPUE=-4.031+0.40RAveg; P=0.252), and nonlinear quantile=0.90) regression
line (gray dotted; Rainbow Trout CPUE=0.282(0.132RAveq); P=0.451) from data
that were collected in the Big Hole Watershed 2005 through 2015.
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Figure 45. Scatter plot relating Rainbow Trout CP({figh/km) and functional riparian
assessment score (RAfUX+44) with a linear ordinary least squares regreskie

(black solid; Rainbow Trout CPUE=0.654+0.6B8fun; P=0.807), nonlinear ordinary
least squares regression line (gray dashed; Raifilbowt CPUE=0.76&xp(0.032

‘RAfun); P=0.852), linear quantiler£0.90) regression line (black dashed; Rainbow Trout
CPUE=-2.134+0.588Afun; P=0.409), and nonlinear quantile=0.90) regression line
(gray dotted; Rainbow Trout CPUE=1.682p(0.085RAfun); P=0.761) from data that
were collected in the Big Hole Watershed from 2€6@5ugh 2015.
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APPENDIX C

RELATIONSHIPS BETWEEN THE PROBABILITY OF ARCTIC GRALING

OCCURRENCE AND NONNATIVE SALMONID CPUE OR ABIOTIC ONDITIONS

Relationships between the probability of Arctic @irag occurrence and
nonnative salmonid CPUE, temperature, dischargleabitat condition metrics are
evaluated in this appendix. Arctic Grayling abumciadata were partitioned into two
demographics (i.ez age 1 and age 0) and summarized as the binargnesof
presence or absence. The methods used to summannative CPUE, temperature,
discharge, and habitat condition data are desciibdte Methods section of this
manuscript. Logistic regression was used to mtiaetelationships (Williams et al.

2002).
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Figure 1. Probability of Arctic Grayling age 1 occurrence as a function of Brook Trout
CPUE (fish/km;N=149) that was modelled using logistic regressimadk line;

P=0.662) from data that were collected in the BigeH&atershed from 1983 through
2015.
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Figure 2. Probability of Arctic Grayling age 1 occurrence as a function of Brown Trout
CPUE (fish/km;N=149) that was modelled using logistic regressimadk line;

P=0.317) from data that were collected in the BigeH&atershed from 1983 through
2015.
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Figure 3. Probability of Arctic Grayling age 1 occurrence as a function of Rainbow
Trout CPUE (fish/kmN=149) that was modelled using logistic regressimadk line;
P=0.017) from data that were collected in the Bige-Mvatershed from 1983 through
2015.
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Figure 4. Probability of age-0 Arctic Grayling oecrence as a function of Brook Trout
CPUE (fish/km;N=149) that was modelled using logistic regressimadk line;
P=0.719) from data that were collected in the BigeH&atershed from 1983 through
2015.
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Figure 5. Probability of age-0 Arctic Grayling ocrence as a function of Brown Trout
CPUE (fish/lkm;N=149) that was modelled using logistic regressiadk line;
P=0.234) from data that were collected in the Bige-Mvatershed from 1983 through
2015.

-

o
1
!
i
]
.
]
]
.
L4
.
L]
]
]

© ot ot
L o2 (o2}
1 1 1

o
N
1

Probability of age-0 Arctic Grayling occurrence

o
o
]
b
»

o o B
Rainbow Trout CPUE (fish/km)

o
S
< -

Figure 6. Probability of age-0 Arctic Grayling oecrence as a function of Rainbow Trout
CPUE (fish/km;N=149) that was modelled using logistic regressimadk line;

P=0.117) from data that were collected in the BigeH&atershed from 1983 through
2015.
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Figure 7. Probability of Arctic Grayling age 1 occurrence as a function of median water
temperature ("ON=100) that was modelled using logistic regressiadk line;

P=0.698) from data that were collected in the Bige-Mvatershed from 1992 through
2015.
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Figure 8. Probability of Arctic Grayling age 1 occurrence as a function of water
temperature CV ("C; 108D/meaniN=100) that was modelled using logistic regression
(black line;P=0.855) from data that were collected in the BigelWatershed from 1992
through 2015.
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Figure 9. Probability of Arctic Grayling age 1 occurrence as a function of the total
hours> 18°C (N=100) that was modelled using logistic regressiadk line;P=0.761)
from data that were collected in the Big Hole Wsited from 1992 through 2015.
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Figure 10. Probability of Arctic Grayling age 1 occurrence as a function of the total
hours> 21°C (N=100) that was modelled using logistic regressibadk line;P=0.437)
from data that were collected in the Big Hole Wsited from 1992 through 2015.
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Figure 11. Probability of Arctic Grayling age 1 occurrence as a function of the total
hours> 23°C (N=100) that was modelled using logistic regressidadk line;P=0.237)
from data that were collected in the Big Hole Wsited from 1992 through 2015.
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Figure 12. Probability of Arctic Grayling age 1 occurrence as a function of the total
hours> 25°C (N=100) that was modelled using logistic regressibadk line;P=0.189)
from data that were collected in the Big Hole Wsited from 1992 through 2015.
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Figure 13. Probability of age-0 Arctic Grayling ocence as a function of median water
temperature ("ON=100) that was modelled using logistic regressiadk line;

P=0.006) from data that were collected in the Bige-Mvatershed from 1992 through
2015.
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Figure 14. Probability of age-0 Arctic Grayling ocence as a function of water
temperature CV ("C; 168D/meaniN=100) that was modelled using logistic regression
(black line;P=0.513) from data that were collected in the Bige-Watershed from 1992
through 2015.
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Figure 15. Probability of age-0 Arctic Grayling ocence as a function of the total hours
> 18°C (N=100) that was modelled using logistic regressiadk line;P=0.020) from
data that were collected in the Big Hole Watersinech 1992 through 2015.
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Figure 16. Probability of age-0 Arctic Grayling ocence as a function of the total hours
> 21°C (N=100) that was modelled using logistic regressiadk line;P=0.042) from
data that were collected in the Big Hole Watersineoh 1992 through 2015.
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Figure 17. Probability of age-0 Arctic Grayling ocence as a function of the total hours
> 23°C (N=100) that was modelled using logistic regressiadk line;P=0.160) from
data that were collected in the Big Hole Watersieoh 1992 through 2015.
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Figure 18. Probability of age-0 Arctic Grayling acence as a function of the total hours
> 25°C (N=100) that was modelled using logistic regressiadk line;P=0.783) from
data that were collected in the Big Hole Watersiech 1992 through 2015.
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Figure 19. Probability of Arctic Grayling age 1 occurrence as a function of total days
minimum discharge targel€67) that was modelled using logistic regressidadioline;
P=0.544) from data that were collected in the Bige-Mvatershed from 1988 through
2015.
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Figure 20. Probability of Arctic Grayling age 1 occurrence as a function of maximum
discharge target (ffs; N=71) that was modelled using logistic regressidadoline;
P=0.320) from data that were collected in the Bige-Mvatershed from 1988 through
2015.
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Figure 21. Probability of Arctic Grayling age 1 occurrence as a function of median
discharge target (ffs; N=62) that was modelled using logistic regressidadoline;
P=0.541) from data that were collected in the Bige-Mvatershed from 1988 through
2015.
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Figure 22. Probability of Arctic Grayling age 1 occurrence as a function of maximum
discharge/watershed area f[s)/ha;N=71) that was modelled using logistic regression
(black line;P=0.433) from data that were collected in the BigeH&atershed from 1988
through 2015.
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Figure 23. Probability of Arctic Grayling age 1 occurrence as a function of median
discharge/watershed area f[g)/ha;N=62) that was modelled using logistic regression
(black line;P=0.677) from data that were collected in the BigeH&atershed from 1988
through 2015.
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Figure 24. Probability of age-0 Arctic Grayling acence as a function of total days
minimum discharge targel€67) that was modelled using logistic regressidadioline;
P=0.087) from data that were collected in the Bige-Mvatershed from 1988 through
2015.



138

N
o
I
]
[ ]
.
.
.
L ]
L ]
.

8

c

2

5

808_

o V.

g

B

© 0.6

o

B

<

0.4

Q

jo)]

©

5

20.21

g

o

O s ; .
Q & ?\QQ (,JQ (190

Maximum discharge

Figure 25. Probability of age-0 Arctic Grayling ocence as a function of maximum
discharge target (ffs; N=71) that was modelled using logistic regressidadoline;
P=0.357) from data that were collected in the Bige-Mvatershed from 1988 through
2015.
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Figure 26. Probability of age-0 Arctic Grayling ocence as a function of median
discharge target (ffs; N=62) that was modelled using logistic regressidadoline;
P=0.859) from data that were collected in the Bige-Mvatershed from 1988 through
2015.
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Figure 27. Probability of age-0 Arctic Grayling acence as a function of maximum
discharge/watershed area f[s)/ha;N=71) that was modelled using logistic regression
(black line;P=0.882) from data that were collected in the BigeH&atershed from 1988
through 2015.
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Figure 28. Probability of age-0 Arctic Grayling acence as a function of median
discharge/watershed area f[s)/ha;N=62) that was modelled using logistic regression
(black line;P=0.172) from data that were collected in the BigeH&atershed from 1988
through 2015.
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Figure 29. Probability of Arctic Grayling age 1 occurrence as a function of total
riparian assessment sco=@9) that was modelled using logistic regressidadiline;
P=0.116) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 30. Probability of Arctic Grayling age 1 occurrence as a function of geomorphic
riparian assessment sco=@9) that was modelled using logistic regressidadiline;
P=0.350) from data that were collected in the Bige-Mvatershed from 2005 through
2015.



141

—
o
1
L ]
.
L
.
.
.
.
.
.
.
.

[0]

Q

=

(3

5
2087
=3

o

0]

(]

3 0.6
<

5]

=)

[=]
20.44
@

)

o

&
20.2-
£

E]

<

o 00 a a + as o a a " a a a .

N NS Qe Qo
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Figure 31. Probability of Arctic Grayling age 1 occurrence as a function of vegetative
riparian assessment sco=@9) that was modelled using logistic regressidadiline;
P=0.116) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 32. Probability of Arctic Grayling age 1 occurrence as a function of functional
riparian assessment scol=@39) that was modelled using logistic regressidadfoline;
P=0.093) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 33. Probability of age-0 Arctic Grayling acence as a function of total riparian
assessment scord<£39) that was modelled using logistic regressidadibline;

P=0.769) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 34. Probability of age-0 Arctic Grayling acence as a function of geomorphic
riparian assessment scol=@9) that was modelled using logistic regressidadiline;
P=0.810) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 35. Probability of age-0 Arctic Grayling acence as a function of vegetative
riparian assessment scol=@9) that was modelled using logistic regressidadiline;
P=0.912) from data that were collected in the Bige-Mvatershed from 2005 through
2015.
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Figure 36. Probability of age-0 Arctic Grayling acence as a function of functional
riparian assessment scol=@9) that was modelled using logistic regressidadiline;
P=0.629) from data that were collected in the Bige-Mvatershed from 2005 through
2015.



