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Summary

This investigation of fish species composition distribution, and the resultant calculation of
Fish Index of Biotic Integrity (FIBI) scores, alloassessment of within and between-reach
changes in stream health and fish assemblagegimesand can be used to guide land use
planning and prioritization of fish habitat restiowa and protection projects within Johnson
Creek. The results will also serve as a basetiralow evaluation of future restoration projects
within Johnson Creek. This study complements aairstudy undertaken by Wild Fish
Conservancy (WFC 2011) in Beaver Creek, Multnomahr@y, OR as well as previous studies
by the Oregon Department of Fish and Wildlife (ODFad the City of Portland in four City of
Portland watersheds (Van Dyke and Storch, 2009 )eaniger investigations in urban streams of
the lower Willamette River watershed (Ward 199%¢$en and Zimmerman 1999; Tinus et al.
2003). The early studies by ODFW and the Cityatl&nd included the lower portions of
Johnson Creek below the confines of this study.

Wild Fish Conservancy (WFC) conducted a stratifiaddom single-pass electrofishing survey
within 9 distinct reaches of mainstem Johnson Cexgkmajor tributaries in September 2011,
fish species composition at select locations witlteadwater reaches was also investigated in
during higher flows in March and April 2012. Inditbn to identifying to species and
enumerating the fish brought to hand, staff recortie habitat types from which fish were
sampled, photographed representatives of eachespeiecountered, and measured the fork-
length of the salmonids (juvenile coho salm@ndrhynchus kisutch), cutthroat trout@. clarkii
clarkii), and rainbow trout/steelhea@.(mykiss) brought to hand.

During the course of the September 2011 electriofisburveys, a total of 4643 fish were netted,
identified, and released, and an additional 12&vandled in supplemental spring 2012
surveys. WFC documented 10 native fish speciedairchon-native fish species during fall
surveys and one additional non-native fish spediesg spring surveys. FIBI scores for the
nine Johnson Creek reaches ranged from 46 (sevierpired) to 73 (marginally impaired), out
of a possible score of 100.

Introduction

Low-elevation watersheds are often at the intertdagban and rural areas, have a long history
of agricultural land use, and continue to face gues from urban development.

Johnson Creek is no exception. Water quality irtgpfr the stream are documented in the
Total Maximum Daily Load for the Lower Willamettayer. Habitat and water quality impacts
include high summer water temperatures, sedimentabacterial and chemical pollution,
introduction of nonnative species, channel simgdifion, bank armoring, removal of riparian
vegetation, and creation of artificial migratiorriders (e.g. road crossings). These impacts
originate from poorly-planned development, urbatiirg agriculture, and road construction
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leading to excessive stormwater runoff and losgegradation of riparian areas. Despite these
threats, the watershed is known to support a waoknative fishes, including wild salmon and
trout, as well as native invertebrates, and oppdras exist to protect and restore portions of the
watershed so it can continue to provide ecosystemices to its residents and those
downstream.

While information on the biological condition inder Johnson Creek is known from previous
studies conducted by ODFW, much less is known ath@utipper mainstem and tributaries.
Prior to this effort, no quantitative data of fighecies diversity and distribution existed for the
upper Johnson Creek watershed.

A biotic health assessment, including both fish aratro-invertebrate metrics, is needed to
identify and prioritize opportunities for habit&storation and to evaluate the effectiveness of
state and local government environmental managepregtams. Short and long term planning
efforts also need environmental data to make nmdogmed decisions about future growth and
infrastructure needs. Baseline fish data provittng term indicator of the biotic health of the
watershed, and provide a benchmark against whibhéatgrotection and restoration efforts can
be measured. Specific objectives of this studiunted determining the seasonal (spring and late
summer) occurrence and distributions of fish spgediging high and low flow periods,
respectively, and calculating a Fish Index of Ridtitegrity to serve as a quantitative fish
community measure of ecosystem health.

Study Area

Johnson Creek flows through rural and urban aréaerth Clackamas and south Multnomah
counties, draining to the Willamette River at Milwkée, Oregon, southeast of Portland (Figure
1). The watershed occupies 54 square miles aad flor 25 miles through an area of mixed
land use ranging from densely developed urban ar@asburban, agricultural and forested
areas in the eastern watershed. Mean annual digchaJohnson Creek is 78 cubic feet per
second. Discharge in Johnson Creek follows thieayhydrological pattern of lowland rain-
dominated streams west of the Cascades Mountaitishigher flows in the winter, gradually
declining through spring and summer to the low flmaviod in late summer and early fall.

Johnson Creek harbors several salmon populatistesilas threatened under the federal
Endangered Species Act (ESA): steelhéakorhynchus mykiss), Chinook salmon@.
tshawytscha), coho salmond@. kisutch), and chum salmorQ keta), all of which are part of
larger Lower Willamette/Lower Columbia River poptidas. In addition the stream supports
other native and non-native resident fishes, asageh diversity of wildlife species including a
still-thriving population of American beaveC4stor canadensis). Information on fish species
occurrence, distribution, and abundance was nolada, prompting our work.



Methods

Field Data Collection

September 2011 Sampling: We conducted electrofistimveys of the upper mainstem of
Johnson Creek and its major tributaries durinddblesummer baseflow season in order to
characterize fish species composition and disiobudnd calculate a Fish Index of Biotic
Integrity. A geographic information system (G#&s used to identify distinct reaches within
the Johnson Creek watershed (n=9), including timrélee mainstem, two in Sunshine Creek,
and one each in Badger, Butler, North Fork Johnaond,Hogan creeks (all upper watershed
tributaries, Table 1, Figure 1). Prioritizationsafrvey reaches was based on the presumed
distribution of ESA-listed salmonids. Reach breakse delineated at tributary junctions, and at
distinct changes in stream gradient or land useacRes were further divided into one-to-eight
representative 200 m segments for field sampliegng&nts (n=40) were delineated based on
accessibility (e.g., major road crossings and @andership), but were spatially stratified to
represent habitat conditions within the larger heaContinuous surveys of consecutive habitat
units within these 200 m segments were conducte®imgpupstream, rather than sampling
every fifth habitat unit as in similar previous @iees in Portland area streams (e.g., Van Dyke
and Storch 2009). Physical stream habitat unéstitied in the field were grouped for data
summarization into three categories: pools, riffeasd mixed or intermediate habitats (including
glides).

Beginning at each segment start location, instrieahitat units were sampled using single-pass
electrofish removal without block-nets. Surveytséad endpoints were recorded on a GPS unit.
Surveys were performed between September 13 andrBlegr 27, 2011. Stream discharge was
at late summer base flow prior to and during tedtdays of sampling but increased after the
first fall freshet, which occurred on Septemberldased on discharge recorded in Johnson Creek
(USGS 14211400 Johnson Creek at Regner Road at&@ne©R).

A three-person team consisting of one electrofisiperator and two dip-netters conducted all
fish sampling. A Smith Root LR-24 backpack elefistuing unit was used throughout the study.
Fish brought to hand were identified to speciesnerated, and released unharmed. Fork
length (to nearest 1mm) was measured for all sabisorElectrofishing time for discrete habitat
units was recorded in seconds. Water temperahgde&@nductivity data were collected and
recorded each morning, and above significant taityutonfluences.

March-April 2012 Headwater Sampling:

We conducted electrofishing surveys of small tiéioigs and seasonal headwater reaches of
Johnson Creek during the high flow spring seasarder to characterize fish species
composition and distribution and gather additianfdrmation on the upstream extent of fish
habitat within the watershed. Spring surveys viianed to occur during higher flows in spring




when fish distribution is typically at its maximuestent and most ephemeral streams, including
several that were dry during the summer surveysg Wewing. The survey team sampled
headwater tributary segments upstream from thestiadly reaches, and expanded the headwater
survey, between March 9and April 3, 2011. Single-pass electrofish rentovigh no block

nets was used to document fish species compositiess access to survey reaches in headwater
reaches surveyed in the spring meant that selecfisarvey reaches was more opportunistic in
nature, however, efforts were made to spatialgtgyrthe surveys to maintain spatial coverage
of small tributaries. As in fall surveys, fish weddentified and enumerated, and salmonids
measured, but fish species composition was chaizatiefor individual stream segments and not
at the resolution of habitat units for each segnfasin the fall mainstem surveys). These data
were primarily intended to determine presence seabe of fish during the high flow season in
perennial and seasonal headwater stream reacheshigh flow data were not used to estimate
the F-IBI scores in those reaches.

Data Analysis

Qualitative, quantitative, and spatial analysesewesed to describe fish community composition
and distribution within Johnson Creek. In ordedéscribe fish community composition and
distribution we constructed bar charts showingptmgortions of fish of each species in Johnson
Creek as well as each of the nine study reacheshjcing all segments within a reach) during
the main sampling effort in the fall. We also donsted bar charts showing the proportion of
fish grouped by family and grouped as native andmative. These fall data as well as the
spring species composition were also presentegbieg.

Lengths of salmonids from all reaches were podegarately for each season, in order to
calculate descriptive statistics and constructtlefiggquency distributions, which we then used
to assign ages to fish.

In order to assess the ecological integrity of 3olnnCreek, we applied a fish index of biotic
integrity (FIBI) to the fish species compositiontaaollected during summer single-pass
electrofishing surveys. The FIBI is a measureaoi@gical integrity and one means of assessing
stream conditions and the degree to which thewfieeted by anthropogenic disturbances
within the Johnson Creek watershed. Changesearstdischarge, temperature, water quality,
and important biological life history events seadbninfluence species occurrence and
distribution. Though these factors may influertoe FIBI score, the measure is calibrated to
low-flow end-of-summer conditions, when fish arecentrated in pool habitats and are more
susceptible to capture in all habitat types. Tpriore consistency with previous regional work,
we employed the same 12 metrics (Appendix 1) andrsg criteria for the FIBI reported in Van
Dyke and Storch (2009). The index reliably preslgtream condition to three levels of



impairment. Fish species and their characterisigesl in the calculation of FIBI are presented in
Appendix 2.

Individual metric scores were calculated usingdmiaterpolation as described by Van Dyke and
Storch (2009). The maximum score each metric eaeive is 10, which is obtained when the
metric value is equal to the high end of the rdrgged in Appendix 1. Conversely, the lowest
score a metric can receive is 0, which is obtaiwkdn the metric value is equal to the low end
of the range listed in Appendix 1. Raw values lestmvthe low and high values were scored by
interpolating between 0 and 10. For example, whereumber of native families sampled in a
reach is 5 and the total number of families potdiytencountered in the watershed is 7, the
score for this metric is calculated as (5/7) = 6101= 7.1.

The total score for a site is the sum of the scfimesach of the twelve metrics. By convention,
the maximum total score a site can attain is camstd to equal 100. Since there are 12 metrics
each with a maximum possible value of 10, the \sahfeall of the metrics were summed for

each site (stream reach) and then multiplied by tfi®total number of metrics) to constrain the
maximum possible total for a site to score of 18&sed on the final score, each of the four sites
(reaches) in Johnson Creek was assigned to oieesf (ualitative impairment categories: < 50,
severely impaired; 51 to 74, marginally impaired 75, minimally impaired.

Results

Summer-Fall Low Flow Species Composition and Distribution

Over the course of our fall single pass electrafistvey in Johnson Creek we captured 4,643
fish comprising 14 species (10 native species anondnative) and representing 7 distinct
families (Tables 2-3, Figures 2-4). Native retatalsculpinCottus perplexus (72%), redside
shinerRichardsonius balteatus (11 %), speckled dadhinichthys osculus (10%), cutthroat trout
O. clarkii clarkii (4%), and coho salmad@. kisutch (2%) were the most abundant species in
Johnson Creek, with all other species constitugsg than 1% of the total fish assemblage
(Table 2, Figure 2). By families, native cottidgprinids, and salmonids were most abundant,
comprising 72%, 22%, and 6% of fish sampled, respay, all other families constituting less
than 1% of total fish abundance (Figure 3). O\ve88.8% of fish sampled were native species,
while 0.2% were non-native species (Figure 4).

Species composition varied between reaches antespahness (the number of species)
appeared to be a function of stream size, declimreg upstream direction and in tributaries.
(Table 2, Figure 5). In the mainstem reaches (ACBof Johnson Creek, between 9 and 11
species were present, with reticulate sculpin, ldpdadace, cutthroat trout, and redside shiner
the most abundant species (Table 2). All non-eatpecies were captured in mainstem reaches,
with the exception of pumpkinseed found in Butlee€k (F) (Figure 6).



In contrast to the non-native species, salmonigitiewas highest in the upper mainstem
reaches (B, C), Badger (H), and upper Sunshiner@geks. Coho salmon were found in just over
half of the study reaches (5/9), but were not foumithe uppermost mainstem reach (C), upper
Sunshine (E), North Fork Johnson (G), or Butlerdfeeks. Cutthroat trout were more widely
distributed, present in all reaches except for Nédrk Johnson (G), the only reach where no
salmonids were found. (Table 2, Figure 6). Althodigh densities were low, coho salmon and
cutthroat trout represented a greater proportiah@fish assemblage in Hogan Creek (1) and
upper Sunshine creek. Native cyprinids, sculpmd, lamprey were also found at high densities
in reaches where native salmonids were abundané eRception to this pattern was in Sunshine
Creek, where high densities of non-salmonids wewad in downstream but not upstream
reaches (Table 2, Figure 6). Fish were observédmall fall sample reaches, and in most cases
the upper extent of fish likely extended well abtive uppermost reaches sampled (Figure 7).

Soring Headwater Fish Species Composition and Distribution

Small tributary and headwater surveys during Manoth April 2012 revealed many of the same
species found in the fall 2011-surveyed mainsteamhres. However, total sampling effort and
the number of fish sampled (n=130), were considgidals than in more intensive fall surveys
(Table 3, Figure 8). One additional non-nativecgg® common carp, was found in an
ornamental pond on an unnamed headwater tributdPptaell Rd. As in the fall mainstem
surveys, reticulate sculpin (48%) was the mostueadly encountered species, with salmonids,
including cutthroat trout (30%) and coho salmon ) &%the next most common fish species
encountered in the spring surveys. Non-nativeispatere limited in their distribution to two
sites in the spring, consistent with fall resuRgy(re 8). No other species constituted more than
3% of the fish encountered in the spring.

Salmonid Sze and Age

Lengths of coho salmon had uni-modal distributionisoth the fall (h=74) and the spring (n=8),
indicative of a single age class (0+ in the faiid @age 1 in the spring), while cutthroat trout
lengths had a distinct tri-modal distribution sustijgg three age classes (0+, 1+, and 2+) in both
the fall (h=165) and spring (n=38) (Figures 9 af)l 1Coho salmon lengths ranged from 40-95
mm (mean = 71 mm) in the fall and from 80-120 mne@#m= 103 mm) in the spring. Based
upon clear modes and troughs in fork length distrdms, we differentiated three distinct
cutthroat trout cohorts in the fall. Age 0+ cuttar trout (n = 88) lengths ranged from 46-100
mm (mean = 71 mm), age 1+ cutthroat trout (n =Iédgths ranged from 100-180 mm (mean =
132 mm), and age 2 and older cutthroat trout (8wlere greater than 180 mm (mean = 239
mm, max = 366). Less clear modes in spring predwbsignment of cutthroat trout to age
classes, but size distributions suggested muléigkeclasses were present (min = 70 mm, max =
250 mm). Only two rainbow trout/steelhead weretwagal during the study (70 and 201 mm,
respectively), precluding identification of agesdas. (Figures 9 and 10)



Fish Index of Biotic Integrity

Fish index of biotic integrity calculations in thee reaches surveyed in Johnson Creek
generated FIBI scores 46-73, with marginal levélisnpairment (50< FIBI<75) in 6 out of 9
reaches; all Johnson Creek mainstem, lower SundBintter, and Hogan creek reaches (A, B, C,
D, H, 1). Three reaches showed severe impairntdBi€<50): upper Sunshine, Badger, and
North Fork Johnson reaches (E, F, G). No reachdsiinimally or non-impaired scores (>75).
(Table 4, Figure 11).

Discussion

Spoecies Composition and Distribution

Fish species occurrence in the upper Johnson @ratgdtshed is typical of small urbanized
watersheds in the Pacific Northwest and other udbaams in the Portland, OR area (e.g. Van
Dyke and Storch 2009, Titus et al. 2003). Smadlasth fish assemblages in the Pacific
Northwest are often dominated by sculpi@st{us sp.), stream-rearing salmonids (coho salmon,
rainbow / steelhead, and cutthroat trout), withveatyprinids found in warmer and lower
gradient streams. In urbanized and urbanizingnshgégls, non-native species may be present,
and are frequently associated with warmer and loadignt reaches or channel-adjacent ponds,
which may facilitate colonization.

Many of the typical Pacific Northwest stream-regrealmonids were present in Johnson Creek,
but were found in reduced abundances and distobuélative to healthy watersheds. Cutthroat
trout dominated the salmonid species compositi@hvegre more abundant than coho salmon
and considerably more abundant than rainbow treedisead. In a healthy watershed with
similar physical habitat, we would expect coho sairto be more abundant. Previous research
in developed watersheds suggests that cutthragtgapulations may fare better than other
salmonids in response to watershed changes froamizdtion (Scott et al. 1986). In urbanized
watersheds coho salmon adults may suffer prematartality prior to spawning, while trout

may be less affected. Coho salmon appear espesaibitive to degraded water quality and
acute toxicity arising from urbanization (Feise&t2011), which may have deleterious
population-scale impacts on the species (SpromdnauigScholz 2011). Pre-spawn mortality in
coho salmon has been observed in other Portlandy&@&sheds (WFC 2011) and may also be
occurring in Johnson Creek, accounting for the &wndance of coho relative to cutthroat trout.

Although fish abundances were not quantified is gtudy, the densities of native salmonids
encountered in intensive study reaches appearest linan would be expected in similar non-
degraded streams. Although many of the observeersieed changes in Johnson Creek are
likely irreversible, restoration efforts that adssedegraded water quality and habitat may help
ameliorate ongoing human land and water impactfortg to restore natural watershed



hydrology, revegetate riparian areas, remove dewedmt from floodprone lands, and improve
fish passage at road crossings would all help ingthe status of native fish in Johnson Creek
watershed.

The general pattern of lower species richness ngoviran upstream direction observed in this
study is consistent with patterns observed in otfegersheds worldwide (Reeves et al. 1998),
and does not indicate that Johnson Creek headata¢ams are degraded. This pattern is likely
a reflection of distance from the Willamette Riyarsource of species), cumulative effects of
multiple partial fish passage barriers, and a redutiversity of habitat moving upstream in
Johnson Creek associated with the seasonally-wetadwaters.

Non-native species were generally more common iimstem reaches of Johnson Creek, with
fewer numbers observed in tributaries. Howeveceirain tributaries, agricultural and rural
residential farm ponds appeared to represent irapoyectors for introduction of exotic fishes to
the watershed. Migration of non-native fishes frpomds into the stream network, and from
downstream receiving waters like the Willamett€otumbia Rivers represents a difficult
challenge for the long term management of the liokd integrity of Johnson Creek. Although,
non-native species currently represent a smallgodf the total biomass present in Johnson
Creek, new introductions and altered watersheditiond (like rising stream temperatures,
streamflow depletion, etc.) could favor non-natpecies populations with unknown
consequences for native fishes.

We observed native salmonids at a number of notab&tions, and some of these are the first-
ever documented observations of these prioritydf@rcies at these locations. We found coho
salmon in Meadow, Brick, Cedar, and Thom creeksfoMad cutthroat trout in Meadow,
Nechacokee, Heiney, Brigman, Botefur, Thom, anddd@phnson creeks (upstream of Cottrell
Road), as well as in an unnamed tributary along éreRd. In addition, we documented
cutthroat in an unnamed right-bank tributary tonkzin Creek at SE 282and Stone, unnamed
tributaries to upper Badger Creek (at #&hd Kathy Lane and at Telford Road), and unnamed
tributaries to upper Sunshine Creek (at SunshirleyYRd, at SE Williams Place, at Hideaway
Lane, and at Ladera Drive). Most notably, we cageticoho and cutthroat trout in Thom Creek,
upstream of two partial fish passage barriers anh§water Trail and Roberts Road crossings.

We failed to detect fish at a number of notablatmns where we expected to find fish due to
favorable stream habitat (>3 ft BFW and <8% gratjieihis included EF Butler upstream of
Willow Parkway, Heiney Creek upstream of SW'It, Chastain Creek upstream of'Xourt,
Highland Creek upstream of the Powerlines cros®agiger Creek headwaters upstream of SE
Haley Rd, McNutt Creek at McNutt Rd, as well as eiplleadow, Nechacokee, Brigman, and
several unnamed headwater tributaries to BadgeBSandhine creeks. At many of these



locations we identified downstream fish passagéedryarthat may prevent fish from accessing
and recolonizing these environments.

Salmonid Sze and Age

Size distributions of coho salmon, cutthroat treugl rainbow trout / steelhead captured in
Johnson Creek were typical of Pacific Northwestatrs. The presence of only one age class of
coho salmon in both the fall and spring is consistath their life history, which involves fall
spawning and spring emergence from gravels, aofdaeshwater rearing, and subsequent
emigration to marine waters in their second sp(@ginn 2005). Coho observed in fall in
Johnson Creek were likely completing their firstnsoer of life (age 0) and were preparing to
migrate to the ocean during the spring samplingpddiage 1). The lack of a second smaller
length mode of coho in the spring suggests thaydleg of year had not emerged yet in spring
2012, or that abundance in that cohort was subigtigriower. The presence of at least three age
classes of cutthroat trout was also consistent thigir life history which may include a
combination of resident, potamodromous, and anadusnmdividuals (Trotter 1989). Notably

for coho salmon, the mean size appeared to inctestseen fall 2011 (71 mm) sampling and
spring 2012 sampling (103 mm), consistent with dhoand or size-selective mortality.

Fish Index of Biotic Integrity (F-1BI)

Fish index of biotic integrity results suggest thpper Johnson Creek and its tributaries are
experiencing moderate to severe environmental im@it. Marginal and severe impairment
scores were also obtained in surveys of reachkesvet Johnson Creek in 2001, 2002, and 2008,
suggesting that the impaired conditions as meadw&dBl have existed for some time but do
not appear to be worsening (Van Dyke and Storcl® 20ius et al. 2003). F-IBI results for
upper Johnson Creek also appear to be similaogetbbtained in other Portland, OR area
streams (e.g., WFC 2011, Beaver Creek, Van Dyk®200 out of 15 reaches were marginally
impaired with FIBI scores between 50 and 75, amekEe severely impaired with scores between
25 and 50). This finding is not surprising givée humerous invasive species, apparent low
densities of native salmonids observed in thisystpdtential water quality issues, and the large
proportion of the watershed that has been developein agricultural production and is no
longer forested.

It is important to interpret the F-IBI scores fariver reaches and tributaries with caution.
Species diversity typically declines in upstreamctees and small tributaries, since these settings
typically show lower habitat diversity as compatedlownstream reaches. Fewer fish species
means lower F-IBI scores, but this does not nedésgaply degraded ecological conditions. In
fact, some of the most ecologically intact streahitats in upper Johnson Creek are found in
tributary streams like Hogan, Kelly, and Wheeleveks.

F-1BI results should also be interpreted with othietogical, physical and chemical data,
because it is difficult to assess the health dfeasn with a single index. Fish species



occurrence and relative abundance may be natdiraitgd by geological history (which affects
the available species pool and subsequent colaorzat habitats), natural migration barriers,
temperature, or physical habitat constraints, falVlach could bias an index value. Naturally
low quality or species depauperate habitats mapteel as impaired despite little human
influence (e.g. tributaries). Conversely, intragaly high quality habitats which have been
considerably impaired, may rate highly due to tieiturally high starting point. Finally,
unavoidable variability in sampling efficiency assospace (e.g. variable numbers of habitats
sampled with different electrofishing charactecs)j and across time (e.g., seasonal effects on
both sampling efficiency related to discharge ardgderature, as well as habitat use by various
species) may affect results and introduce unknaasels in the value of F-IBI in assessing
ecosystem health. The F-IBI is best utilized ina&rt with other data on benthic invertebrates
(BIBI), water quality, and habitat to provide a saary and comparison of stream health among
comparable reaches (King Co 2004).

Conclusions and Futur e Resear ch Needs
Conclusions
Fish populations in upper Johnson Creek are indeaf considerable ecosystem degradation
yet they retain some characteristics of those fanness disturbed areas. The fish community
contained the native salmonids typically foundnma#i Pacific Northwest streams, including
coho salmon, cutthroat trout, rainbow trout / dteall. The fish community also contained
native resident species including dace, lampreg,sanlpins, suggesting most, if not all of the
historically present species remain. Howeverta @f five non-native species were found in
Johnson Creek, though they were not widely distedand were apparently less abundant than
native species. The tributaries in the upper vgatsal appear to be a refuge from invasives for
native species. These fish occurrence data relsmltatings of moderately to severely impaired
(46-63), as measured by the F-IBI, for all surveggdam reaches surveyed. These results are
similar to those found in other watersheds in thgl&nd area, and likely are reflective of
degraded watershed conditions that result fronsiiy of urban, suburban, and
rural/agricultural development in the region. Altigh this study did not measure population
abundance or the relationship between fish pofratand habitat conditions, its results suggest
that Johnson Creek still has the capacity to supdive fish populations. Efforts to better
understand factors limiting native fish capacityl gmoductivity could help decision making and
the identification of projects that will protectdarestore ecological functions in Johnson Creek.
Additional studies are needed to identify factarsting native fish populations and ecosystem
health in Johnson Creek. Some potential areastofef research are described below.

Future Research and Restoration Needs

As a result of this study, we have identified saV@sture research and monitoring opportunities
that would improve the understanding and conseymaif the Johnson Creek watershed. Of
these projects, those that are already underwayléhe continued and/or expanded.
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» Fish Passage Inventory and Assessment

0 Several partial and potentially full barriers tsHipassage were noted, particularly
at road crossings. Efforts to systematically idgnassess, prioritize, and
remediate these barriers would have immediate hdoehative fishes and
stream health.

= Water Quality Monitoring

o Urban streams often have water quality issuesaeli@t the presence of roads and
other impervious surfaces in their catchments.eisitve agriculture in the
headwaters, often with minimal riparian bufferkely degrades water quality
within and downstream from those reaches.

0 Systematic water quality monitoring can help tantifg particular problems in a
stream and can also detect ephemeral water qissitgs that may be important
to fishes (e.g. stormwater runoff). Specific studgtrics can include
macroinvertebrates (benthic index of biotic intggrand an evaluation of
spawning success to document the potential ocatgrehpre-spawning mortality
(Spromberg and Scholz 2011).

= Spawning Surveys

o Anadromous fishes including coho salmon and raintvowt / steelhead, and
potentially anadromous cutthroat trout were idesdiin Johnson Creek, and in
addition to providing abundance and distributicioimation for adult life stages,
systemic spawning surveys would help identify amplogenic barriers to
upstream migration and help determine whetheruberjiles observed are of
local origin or are simply using Johnson Creekrfon-natal rearing.

» Salmonid Outmigrant ID / Enumeration

0 Although summer stream surveys of fish populatimmvide much information
on stream fish production, winter survival, parlaely in habitats with little
instream cover, typical of urban streams, may lpnatduction of fishes.
Monitoring salmonid outmigration provides a meamgtegratively assess the
success of the whole freshwater portion of salméfedycle, and would improve
knowledge of the status of fishes in Johnson Creek.

= Exotic Fish Control and Management Improvements

o Non-native fishes were present in Johnson Creektanthay compete with or
prey upon native species. Understanding theiimgrig order to stem
introductions and efforts to reduce their abundanag benefit native species.

o Identification of and outreach to headwater farnith wonds is needed to
improve management practices, in order to redutengial downstream water
guality and non-native fish invasion impacts.

» Instream / Riparian Habitat Restoration and Praiact

0 As aresult of current and historic development atfieér anthropogenic activities,
upslope and riparian conditions including the gitg@ind quality of large woody
debris is likely limiting habitat productivity immhnson Creek. Efforts to protect
and restore riparian and upslope processes walhlikenefit fish populations by
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providing more instream cover, moderating watergeratures, and reducing
erosion
» Seasonal and annual fish movement patterns — Rdss@grated Transponder (PIT) tag
study
o Understanding within and extra-basin migrationgrais of Johnson Creek’s
salmonid species is necessary to identify factorseatly limiting their
productivity.
» Freshwater mussel inventory
o0 Long-lived freshwater mussels are excellent indiabf watershed integrity.
Documenting their distribution, population struetuand abundance would
provide valuable baseline information about watglidy and the distribution /
abundance of the host fish they rely upon.
= Seasonal abundance of fishes
o Population abundance of fishes has not been qighiif the current study, and in
addition to outmigrant trapping, abundance estioma¢imploying multipass
electrofishing and an appropriate statistical franoik would improve
understanding of the abundance of fishes in Joh@seek and establish a
baseline for future monitoring.
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Tables

Tablesand Figures

Table 1. Summary of mainstem Johnson Creek spags electrofishing sampling during

September 2011. Habitat types are (P, pools, fegjfand M, mixed water velocity).

Habitat Units Sample

Reach Stream Segments Dates Le(rll?rgl; M R P Total
A Mainsten 7 9/19, 2( 424¢ 17 8 5 30
B Mainsten 8 9/20, 21, 22, 2 509¢ 200 21 18 59
C Mainsten 6 9/15, 2° 229¢ 13 15 7 35
D Lower Sunshin 5 9/13, 14, 26, 2 256: 6 7 9 22
E Upper Sunshir 6 9/13, 2° 52z 9 1 9 18
F Badger Cree 2 9/2z 1071 6 1 7 14
G North Fort 3 9/14 92C 6 1 6 13
H Butler Cree! 2 9/14 57¢ 4 2 6 12
I Hogan Cree 1 9/2z 90C 5 2 3 10

Totals 40 9/12-9/27 1820: 86 58 70 214

Table 2. Number and (percent) of each species &ptn each study reach in Johnson Creek,
OR in September, 2011.

Major Study Reach

Species A B C D E F G H I
Bluegill 0 (0) 0 (0) 3(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Bullfrog larva 0 (0) 2(0) 0 (0) 0 (0) 0 (0) 0©) 0( 0 (0) 0 (0)
Coho Salmon 5(0) 32(2) 0 (0) 11 (1) 0 (0) 0 (0) (op 5(@) 21 (22)
Crayfish 4 (0) 0 (0) 41 (5) 26 (4) 0 (0) 0 (0) 0( 11 (3) 0 (0)
Cutthroat trout 14 (1) 57 (3) 26 (3) 11 (1) 36 (16) 6 (2) 0 (0) 7(2) 11 (112)
Largemouth bass 0 (0) 0(0) 1(0) 0(0) 0 (0) 2(0) 0() 0(0) 0 (0)
Largescale suckr 10 (1) 1(0) 0(0) 0(0) 0 (0) op ( 0(0) 0 (0) 0(0)
Pumpkinseed 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 3(1) 0p ( 0 (0) 0 (0)
Rainbow Trt. 0 (0) 0 (0) 3(0) 0 (0) 0 (0) 0 (0) (@® 1(0) 0(0)
Redside Shiner 155 (18) 156 (10) 14 (2) 98 (15) (133 2(0) 9(5) 44 (15) 4 (4)
Reticulate Sculpin 552 (66) 1164 (74) 556 (80) 4{&A 114 (53) 220(82) 75 (44) 201 (70) 43 (43)
Speckled Dace 90 (10) 131 (8) 41 (5) 50 (7) 23 (10)33 (12) 86 (50) 13 (4) 20 (20)
Unk. Cottid 0 (0) 0(0) 0 (0) 4 (0) 1(0) 0 (0) O ( 0 (0) 0 (0)
Unk. Trout 1(0) 6 (0) 4 (0) 1(0) 0 (0) 0 (0) 0@ 2(0) 0 (0)
W. Br. Lamprey 3(0) 4 (0) 1(0) 3(0) 0 (0) 0() 0() 3() 0 (0)
Yellow Bullhead 0 (0) 0 (0) 2(0) 0 (0) 0 (0) 0() 0() 0 (0) 0 (0)
Totals 834 1553 692 628 212 266 170 287 99

(100) (100) (100) (100) (100) (100) (100) (100) (100)
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Table 3. Number and (percent) of each species &ptn each study reach in Johnson Creek,
OR in March, 2012.

Specie Count (Percen
Bluegill 5(4)
Coho Salmo 9(7)
Common Car 2 (2
Crayfist 2 (2
Cutthroat trot 39 (30
Largemouth ba: 1)
Pacific Giant Salamanc 1)
Redside Shint 2 (2
Reticulate Sculpi 63 (48
Speckled Dac 4 (3)
Unk. trou 2 (2
Totals 130 (100

Table 4. Fish index of biotic integrity (F-IBl) s&@s and associated impairment levels (< 50,
severely impaired; 51 to 74, marginally impairedg &75, minimally impaired) in Johnson
Creek, OR in September 2011.

Reach Strean F-1BI Score Conditior

A Mainsten 72 Marginally Impaire:
B Mainsten 73 Marginally Impaire:
C Mainsten 62 Marginally Impaire:
D Lower Sunshin 69 Marginally Impaire:
E Upper Sunshir 48 Severely Impaire

F Badger Cree 47 Severely Impaire
G North Fort 46 Severely Impaire
H Butler Cree! 62 Marginally Impaire:
I Hogan Cree 57 Marginally Impaire:
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Flgure 1 Site map showmg Fall 2011 major stm:é;ches A-l and survey segments (numbers
corresponding to Appendix 4) within those reacimethé Johnson Creek watershed, tributary to
the Willamette River south of Portland, OR.

16



100

80 —

T T
o o
© <

uonisodwos Jusalad

20

O_

peay|Ing Mmojja A

In6anig

passuydwng

sseg yinowsabie]

peay|aalgynod | moquiey

PIHOD un

18)9ng ajeosabie]

oL yun

Aaidwe yooug uiaisapy

uowes oyoo

ULTRCLITTE

aoeq papoads

1BUYS 3pispay

uidinag sienaney
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Figure 3. Relative abundance of fish organizedgyilies (n =4643) occurring in all reaches
combined in Johnson Creek, OR in September 2011.
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Figure 5. The species composition of fish captumextudy reaches of Johnson Creek, OR in

September, 2011.

22



non-Native Species ——— 0,008

4 N
\li s 1006 - 0,077
F kl,i m— (077 - 0,152
_'L\ fish per 10m surveyed
\
oo c

non-Salmonids 0735
— 61-63

M— T

o 407

fish per 10rm surveyed

e

i <% Salmonids i e
et ™ ! \ 0.18- 0.28
! iF ' 0.28- 0.40

| # B
0.40- 0.61

8

fish per 10m surveyed
Tme . c
L. . o
p 8
. JE™

o o8 1 2 Wiles
L I | 1 |

Figure 6. Maps of fish occurrence and catch pem&@ers sampled during single pass
electrofishing in reaches of Johnson Creek, ORejot&nber, 2011. Dots show the downstream
starting point of the segments of each reach tlea¢ wampled and used to characterize fish
populations throughout the reach. Line thicknegsasents differences in catch per 10 m among
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to site numbers are listed in Appendix 4.
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Figure 7. Map of minimum observed upstream fistemixin Johnson Creek and tributaries in Fall 2Qddut = red, native non-
salmonids = blue, non-native species = green, salrnon = orange). Fish distribution likely extefgidher upstream beyond the
extent of the fall survey sites. Raw catch dataesponding to site numbers are listed in Appeddix
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salmonids = blue, non-native species = green, salrnon = orange) and survey extent (survey extéeak: survey sites = black
dots, with big dots at sites where fish were cagatur Fish distribution likely extends upstreamrmirsurvey reaches where surveys
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Coho Salmon Rainbow Trout/ Steelhead
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Figure 9. Length frequency distribution for juMentcoho salmon (n= 74), rainbow
trout/steelhead (n= 2), cutthroat trout (h= 1683 anknown trout (n= 9) in Johnson Creek, OR,
September 2011.
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Coho Salmon Rainbow Trout/ Steelhead
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Figure 10. Length frequency distribution for juilercoho salmon (n= 8), rainbow trout /
steelhead, cutthroat trout (n= 38), and unknowattfo= 2) in Johnson Creek, OR, March and
April, 2012. Rainbow trout/steelhead were not emtered during spring surveys
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Figure 11. Fish Index of Biotic Integrity (F-IBscores calculated for reaches in Johnson Creek,
OR, based on fish community data collected inZall 1.
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Appendix

Appendix 1. Index of biotic integrity metrics ustedscore stream condition to three impairment
levels for second and third order steams (Hughat é098).

Category, Metric

Raw Values (low to higl*

Taxonomic Richness:

1) Number of native familie

2) Number of native speci

Habitat Guilds:

3) Number of native benthic spec

4) Number of native water column spe

5) Number of hider speci

6) Number of sensitive spec

7) Number of native nonguarding lithophilic nestpecie
8) Percent tolerant individus

Trophic Guilds:

9) Percent filte-feeding individual

10) Percenomnivore!

Individual health and abundance:

11) Percent of target species that include lur®
12) Percent of individuals with anoma

2

0-10C
2-0

1 Values for stream orders 2 and 3

2 Species that create nests in gravel or smallestgaibs to spawn.

3 Lunkers are relatively large individuals of théldwing species and sizes: prickly sculpin (100mtajrent sculpin
(100 mm), steelhead (300 mm), cutthroat (250 mimyetmouth (300 mm), northern pikeminnow (300 mamy

largescale sucker (300 mm).
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Appendix 2. Species of fish and associated charatits used in calculations of Fish Index of Bedttegrity (F-IBI) in Johnson

Creek, OR, September 2011. Tolerance categorieSasensitive, T, tolerant, and lintermediate.

Tolerance Water Ng. Lith. Filter
Species Family Native (S,I,T) Benthic  Col. Hider  Nester Feeders  Omnivore
Bluegill
(Lepomis macrochirus) Centrarchidae Alien T X
Coho, juvenile
(Oncorhynchus kisutch) Salmonidae Native S X X
Cutthroat Trout
(Oncorhynchus clarkii clarkii) Salmonidae Native S X X X
Largemouth Bass
(Micropterus salmoides) Centrarchidae Alien T X
Largescale Sucker
(Catostomus macrocheilus) Catostomidae Native I X X
Pumpkinseed
(Lepomis gibbosus) Centrarchidae Alien T X
Rainbow / Steelhead
(Oncorhynchus mykiss) Salmonidae Native S X X X
Redside ShinerRjichardsonius
balteatus) Cyprinidae Native I X
Reticulate Sculpin
(C. perplexus) Cottidae Native I X X
Speckled Dace
(Rhinichthys osculus) Cyprinidae Native I X X
Yellow Bullhead
(Ameirus natalis) Ictaluridae Alien T X X X
Western Brook Lamprey
(Lampetra richardsoni) Petromyzontidae Native S X X X X
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Appendix 3. Standardized (0-10 with greater scorégating better ecological function) Scores
for each F-IBI metric (corresponding to Appendixriyeaches of Johnson Creek, OR in
September 2011.

F-1BI Metric (Numbers from Appendix
React 1 2 3 4 5 6 7 8 9 10 11 12 Total FIBI

A 71 64 57 7. 10.C 6. 10.C 10.C 04 B8.E& NA NA 72
B 71 64 57 7t 10 6. 10.C 10.C 0.5 9. NA NA 73
C 57 5t 4% 75 4C 6. 10 10C 0.z 91 NA NA 62
D 57 5t 4& 7t 10 6. 10.C 10.C 0.t 10.C NA NA 69
E 4% 3¢ 2¢ 5C 7t 2C 32 10.C 0.C 10.C NA NA 49
F 4 3€ 2¢ 5C 7t 2C 33 10 0.C 81 NA NA 47
G 2¢ 27 2¢ 2t 5C 0C 10.C 10.C 0.Cc 10.C NA NA 46
H 57 64 45&% 10 4. 8C 3.C 10C 1.1 10.C NA NA 62
I 4% 48 2¢ 7& 7E5 4C 6.7 10.C 0.C 10.C NA NA 57
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Appendix 4. Raw counts of each fish species cagtat each subreach (corresponding to Figure

6) sorted by major reach in Fall 2011.
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Appendix 5. Raw counts of each fish species captat each spring 2012 site.
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