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Abstract

We usedspring outmigrant trapping data to estimate the abundance of salmonid smolts emigrating from MilCreek,
Smith River (California), overfour years from 2014t0201®8 - Ei1 1 #OAAE EAO 11 A 1T &£ #Al EAl O
outmigrant trapping programs dating back to 1994 and we summarig abundance estimates across the 24 yeadle
also estimated the apparent overwinter survival probability ofCoho Salmor{Oncorhynchus kisutchmarked during the
fall of 2013-2016 in Mill Creek and its two primary subbasins, East Fork Mill Creek and WestaBch Mill Creek, using
data collected byCalifornia Department of Fish and Wildlife We operated a rotary screw tragRST)in lower Mill Creek
from mid-March through late Juneeach year The RST was operational for 96 of 98 days in 2014, 88 of 91 days in 2015,
92 of 94 days in 2016 and 105 of 106 days in 201 7% oungof-the-year Chinook Salmon ©@ncorhynchus tshawytscha
were the most numerous fish captured during all fourseasons (5319, 4399, 114797 and 56969 individuals during
2014-2017) followed by unidentified trout (3148, 3377,3341 and2341 individuals during 2014-2017). We captured a
total of 2188, 3529, 2207 and 1542 Coho Salmon smolts and 26883, 1158 and 699 youngof-the-year Cdo Salmon
in the rotary trap during 2014-2017. We captured atotal of 1464, 2579, 1752 and 1857 steelhead @ncorhynchus
mykisg and 751,1464, 760 and 1102 Coastal @tthroat Trout (Oncorhynchus clarki clarki during 2014-2017. Mark-
recapture of fin clipped smolts was used to estimate the aburehce of Coho Salmon, steelhead, and Coastal Cutthroat
Trout emigrants passing the trap siteWe estimated a total of 7416 (95%Cl: 6580-8251), 8195 (95% ClI: 73429047),
7567 (95% C: 6706-8427) and 9383 (95% Cl: 6349-12418) spring migrant Coho Salmorsmolts emigrated past the
Mill Creek outmigrant trapping site in 2014, 2015, 2016 and 2017 respectivelywe estimated a total of 107595% ClI:
695-1456), 2554 (95% CI:1931-3176), 2078 (95% CI: 1159-2997) and 3882 (95% CI: 1944-5820) steelhead smolts
emigrated in 2014, 2015, 2016and 2017, respectively. We estimated a total of 34§95% CI:191-488), 4175 (95% CI:
3144-5205), 2427 (95% CI:1315-3539) and 5423 (95% CI:3536-7310) Coastal Cutthroat Trout smolts emigrated in
2014, 2015, 2016,and 2017 respectively.

We used Cormacklolly-Seber (CJS) makOAAADODOOA 11T AAT O Oi AOOEIi AGA OEA OADPD,
emigration (individuals emigrating prior to the installation of the RST)of Coho Salmon tagged in thprevious fall by
using the recaptures at theRST andhree stationary PIT tag antenna arrays in Mill Creelnd two arrays located in the
Smith River estuary Apparent overwinter survival, ranged from 6.06-12.8% throughout the Mill Creek basin, 4.%-
12.9% for West Branch Mill Creek, 7.2-14% for East Fork Mill Creek and 3.%-6.3% for mainstem Mill Creek
Minimum annual early emigrants comprised on average 20.6% (15.296.2%) of fall tagged fish recaptures in Mill
Creek, showing significant numbers of CohcaBnon juveniles emigrated early. Estuary antenna detections during 2015
thorough 2017 showed 46.2% (34.9%57.5%) of early Mill Creek emigrants used these habitatQur results highlight
a diversity oflife history patterns in the Smith Riveracross speciesage classespaceand years that are not quantified
using spring outmigrant trapping alone. Complete lifecycle monitoring stationare needed to capture the whole suite
of life history characteristics being expressed in salmonid populations while accaoting for abundance and survival of
individuals not accounted for during a single period or centralized location.

Cover Photo: Lower Mill Creek near outmigrant trap location . Photo: Justin Garwood.
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Introduction

The California Coastal Salmonid Monitoring Program (CMP) was developed for California to meet the
iTTEOI OET ¢ TAAAO OANOEOAA AU AT OE OEA &AAAOAT ATA
data are used to focus species recovery efforts and tiack salmonid population responses to management
and restoration (Adams et al. 2011)Smilar data collected across many populations is often aggregated to
assess recovery at the evolutionary significant unit (ESU). The monitoring strategy is guided loyif key
population characteristics including abundance, productivity, spatial structure, and diversity. These four
characteristics are collectively defined as the Viable Salmonid Population conceptual framework (VSP)
(McElhany et al. 2000). Salmonid moniteng is costly, whichlimits the scale and intensity of monitoring
across an ESU. For example/SP metrics such as smolt production (abundance), marine survival
(productivity), and migratory behavior (diversity of life histories) currently require local intensive mark-
recapture programs to obtain reliabledata. In order to obtain this information, Lifecycle Monitoring Stations
(LCMs) need to be established in multiple small watersheds throughout an ESU. This report primarily
summarizes the Mill Creek LCM sation (Smith River basin, California) smolt outmigrant trapping program
results from 2014-2017. Additionally, given this is one of the longest running smolt trapping programs in
California (1994-2017), we provide an overall summary of annual Coho Salmon sihestimates throughout
the program's history.

Lifecycle Monitoring Station Goals and Design

Lifecycle Monitoring stations areestablishedto estimate ocean and freshwater survival to better assess
salmonid recoveryat the population-level. Additionally, LCM stations can providgrecise estimates of local
adult salmon abundance that can be used to inform regional aduampling efforts. Last, LCM stations
provide the infrastructure for exploring detailed research questions. For example, population vitaates such
as individual growth, emigration patterns, and habitatbased productivity can be measured at LCstations
as secondary goal€Each LCM station consists of three primary components: 1) an adult counting station (e.g.
weir), 2) spawning surveys dove the counting station, and 3) smoloutmigrant trapping. For component 1,
an adult counting station does not currentlyexist in the Mill Creek basinThe installation of an adult weir is
currently not feasible due to the large, flashy nature of the dimage and its management under the State and
National Parks. However, a recent transgenerational genetic markcapture study (Whitmore and Kinziger
2016, Hankin and Mohr 2016, Whitmore 2016) was performed using Mill Cree®oho Salmon carcass and
smolt offspring DNA collected during the 20112012 and 20122013 spawning years coupled with the 2013
and 2014 smolt outmigration years. This novel alternative to estimating adulfoho Salmon abundance used
genotypes of individual fish in a markrecapture framework to determine how many adults were explained
by their smolt progeny(Rawding et al. 2014) Although this approach resulted in reasonable adult population
estimates, it has not been accepted by CDFW asiable alternative to weir estimatesdespite the inheent
difficulties in estimating population size usingcalibrated redd surveysfrom weir estimates (seeGarwood et
al. 2014 and Walkley and Garwood 2017)Component 2,the adult gpawning survey census, has been
implemented for six years since the 2011/2012spawning migration season (Garwood and Larson 2014,
Walkley and Garwood 2017). Component ®utmigrant trapping, is used to estimate the abundance of spring
outmigrating Coho Salmon smoltsthis study) and marine survival when coupled with components 1 anc.
Additionally, Passive Integrated Transponder (PIT) antenna arrays sitded at the mouths of East Fork and
West BranchMill Creek, and the lowermainstem Mill Creek have been in operation from 2014 to present
(Garwood and DeibnerHanson 2017). These amnnasintercept fall tagged juvenile ©ho Salmon and are
used in conjunction with the oummigrant trap to estimate early eamigration rates and overwinter survival of
juvenile Coho Salmon prior to trap installation. Althoughwe cannot produce reasonable adult population
estimatesfrom antennasindependent of spawning surveyswe can use antennaso estimate smoltto-adult
survival and to describe spatial and temporainovementpatterns of PIT tagged adult Coho Salmon.
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Mill Creek Juvelieé Salmonid Monitoring Program Chronology (1992017)

The Mill Creek salmonid outmigrant trapping program was initiated in 1994 by Rellim Redwood Company
in response to Coho Salmon entering endangered species candidacy for the Southern Oregon/ Northern
California Evolutionary Significant Unit (Rellim Redwood Company 1994, Howard and McLeod 2005,
McLeod and Howard 2010, Larson 2013). The trapping program has been in operation now for 24
consecutive years and has adapted most recently to meet the goals bé tCalifornia Coastal Salmonid
Monitoring Program (CMP). During the early years, pipe traps were installed each spring near the mouths
the East Branch Mill Creek and West Fork Mill Creek to estimate smolt production for Coho Salmon,
steelhead, and CoastaCutthroat Trout. Additionally, annual counts of youngpf-the-year (YOY) Chinook
Salmon, YOY Coho Salmon, and other fishes were also reported. The data collected from the trdpsned
agencies and nonprofitsabout the conservation value of the upper MilCreek watershed and its importance
as a conservation area for salmonids. Rellim Redwood Company ran both traps annually through 2001 when
the property was purchased from Stimson Lumber Company and transferdgto California State Parks.

From 2002 to 2012both pipe trap operations continued through various funding sources with most support
coming from the California Department of Fish and Wildlife Fisheries Restoration Grants Program (FRGP)
and nonprofits such as Save The Redwoods League. From 2013 to 2€1& California Department of Fish
and Wildlife managed the outmigrant trapping operations and made significant changes to adapt the
program into a functioning lifecycle monitoring station (LCM) as dfined by the CMP (Adams et aR011).
The most significant change was relocating the trapping operation 7 kilometers downstream to trap a much
larger portion of the Mill Creek watershed and switching the trap design from stream anchored pipe traps to
a single floating rotary screw trap. Three PIT tag antenna eays were installed in Mill Creek in2013; one
array in the lower basin and one each in the East Fork and West Branch. Batches of juvenile Coho Salmon
were tagged throughaut the basin each fall from 2013hrough 2016. The antennas and outmigrant trap are
used together to estimate overwinter survival, emigration timing, abundance, and individual growth rates of
Coho Salmon as measurements of freshwater productivity. Furthermore, the antenna stations operated from
the first fall rains through the Coho Salmorspawning period to detect tagged adults during the spawning
migration as a measure of apparent marine survival. During 2016 and 2017 (years 23!), the outmigrant
trap was supported by this FRGP grant.

In this report, we present final estimates of the2014-2017 spring out-migrating Coho Salmon smolt
abundance using outmigrant trapping (OMT) collected by the Smith River Alliance and the California
Department of Fish and Wildlife (CDFW) in the Mill Creek Lifecycle Monitoring Station, Smith River basin,
California. We also report on the final estimates of apparent Cohalgnon overwinter survival from 2013-
2016 using data from the OMT and PIT tag antenna arrayé/e describe an ecologically important alternate
late fall/winter migrant Coho Salmon life history strategy that was previouslyundefined in the Smith River
We alsohighlight the prevalence of a previously reported downstream redistribution of an early Coho
Salmon youngof-the-year. We include abundance estimates for steelhead an@oastal Cutthroat Trout
smolts and youngof-the-year Chinook Salmon counts. Lase summarize longterm population monitoring
results across the 24 years of salmonid monitoring in the Mill Creek watershe@hrough this study we have
identified various opportunities for restoring and enhancing salmonid habitats in the Mill Creek watershed.
The managementocusof this entire watershedincludesrestoration, conservation,cultural, and recreational
uses(State Parks 2011]). Large-scale restoration activities have been occurring in Mill Creek over the past 15
years andour recommendationsprovide managerswith some of the most current opportunities to maintain
and enhance salmonid habitats throughout the basin



Materials and Methods
Outmigrant Trap Site Description

The Mill Creekoutmigrant trapping site is located 2.4 stream kilometers upstream from its confluence with
the Smith River, and approximately 0.65 stream kilometers downstream of the HowldnHill Road bridge
(Figure 1, Figure 2) in Redwood National and State Parks. The rotary screw trap was placed at the head of a
35 meter-long pool immediately upstream of a large corner pool. This site offers both banksidefugia during
high flows, as well as sufficient depth and focused current to allow the rotary screw trap to operate during
the latter part of the trapping season when flows are minimal. Nearby old growth redwoods and alders
provide ample shade for trapping and §h handling activitiesduring warm days.

Outmigrant Rotary Screw Trap Operation 2014 -2017

The outmigrant trapping conducted from 2014 through 2017 closely followed the methodology described
in (Walkley et al. 2015) and followed a strategy and methods olined in the California Coastal Salmonid
Monitoring Plan (Adams et al. 2011). This trapping methodology incorporated methods used in previous
monitoring efforts to estimate smolt populations in Mill Creek and Freshwater Creek (McLeod and Howard
2010, Ricker and Anderson 2011) and methods used in Freshwater Creek by Ricker and Anderson (2011) to
estimate overwinter survival. The rotary screw trap (RST) deployed in Mill Creek was built by EG Solutions
and consists of a flowdriven 5 ft diameter cone and 18 6ot pontoons. A builtin covered live well with a
cone-driven debris removal drum is mounted posterior to the cone. The trap was anchored to large riparian
trees with a cable and pulley system so istream adjustments could be made to optimize trap revolibns.
The RST operated over a range of flows as measured at the USGS Jed Smith stream gage (#11532500). In
anticipation of steeply rising water levels or increased debris loads, the trap cone was elevated out of the
water and the entire trap was moved to he margin of the stream. Fishing at the upper end of the flow range
only occurred as flows declined. The RST remained fishing during smaller flow increases; however, it was
closely monitored for debris accumulations. We installed weir panels in front of thtrap pontoons to focus
water flow into the trap cone as water flow decreased toward the latter half of each season. Weir panels were
angled and completely covered in plastic pond liner with all seams and holes covered to avoid fish
impingement. These effrts were an attempt to balance daily trap capture efficiency with minimizing
migration obstacles for nottarget organisms such as Pacific lamprey and adult steelhead. We made frequent
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the RST once a day in the morning, while multiple cleanings occurred throughout the day during peak
migration periods or as debris loads required. Fish were removed with 3/16"(or finer) cloth dip nets and
placed in 5gallon buckets containing fresh creek water or in fine mesh livears anchored in the channel
margin immediately adjacent to the shaded fish processing station.

All captured salmonids were identified to species and classified by their developmental stage asugg-of-
the-year (YOY), 1+ parr, smolt, or resident/adult. Because of the difficulty in distinguishing between juvenile
Coastal Cutthroat Trout and steelhead trout, even by trained and experienced samplers, all trout <100mm
fork length were identified as trout spp. and were classified as YOY or as 1+ parr. Trout >100mm were
identified as Coastal Cutthroat Trout or steelhead and assigned a life stage. YOY were generally small in size
(and had distinct parr marks). Larger individuals (generally greater than 66hm) possessing distinct parr
marks were grouped as 1+ Parr. Coastal Cutthroat Trout and steelhead whose body was silver and had
obscured parr marks, darkening fin edges and deciduous scales were classified as smolts. Steelhead and
Coastal Cutthroat Trout 250mm FL and not displaying parr marksor showing signs of smolting were
classified as adults. Trout, including both Coastal Rainbow Trout and Coastal Cutthroat Trout that lacked
parr marks but did not display signs of smolting were classified as resident&ollowing Mcleod and Howard
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Figure 1. Mill Creek Lifecycle Monitoring Stationoutmigrant trapping and Passivelntegrated Transponder
tag antenna(antenna) array locations, Smith RiveBasin, Del Norte County CA.
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