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Executive Summary

The furthest upstream and northermost extent of currently accessible anadromous salmonid hainititin

the Upper Colmbia River Basiis found in the Okanogan Rivanith the listing of several salmonid species
within the Columbia River Basiis threatened or endangered under the Endangered Species Act (ESA), federal,
state, tribal and other entities have made considdrle investments in salmon population monitoring and
habitat restoration. Tracking status of salmon populations as they relate to habitat capacity and limiting
factorsis an important part of determining if conditions are improviridie Okanogan Basin Mitoring and
Evaluation Program (OBMEP) conducted status and trend moniteangZ001 through 2014 corresponding to
abundanceproductivity, andspatial/temporaldistributionin the Okanogan subbasirMonitoring efforts were
primarilyfocused orlJpper @lumbia Rivesummer steelhead@ncorhynchus mykigswvhich are listed as
threatened(NMFS 2009)Additional monitoringasksincluded physical habitat measurements, water quality,
temperature, dischargeand benthic macroinvertebratgata. Over the longerm, status data can be used to
examine trends, which may indicate if salmon populations and respective habitats are imprButnge
monitoring will continue to suppottrend analyss, while some modifications of protocols may be needed to
evaluate iéntified uncertainties.

The overall outcome of monitoring strategies iguidenatural resource managefHecisions to minimize

threats to salmon, choose restoration actions that will have the most positive impact, and set measurable
salmon enhancemerobjectives to coincide with fiscal investments over multiple jurisdictiddasimon

population monitoring also includes collecting applicable data that can be used -timeadlecisions
aboutharvest,hatchery management, anthbitat project implementaton. Information related to status and

trends forsalmon and teelhead within the Okanogasubbasirrequires a longerm vision and commitment to
provide answers about populatielevel actions and trends in habitat quantity and qualiys monitoring efbrts
continue to progress, the Okanogan Basin Monitoring and Evaluation Program expects toptatitiealstatus

and trend monitoring data and to make those data readily available to agencies for use in more comprehensive,
broad-scale analysis.

Adult SeelheadMonitoring, Key Findingand Recommendations

3000

1 The 1Gyear mean (2005
2014) for total summer
steelhead(hatchery plus
natural origin)in the
Okanogan subbasin was
estimaed at 1,818 and
ranged from 8990 3,496.
The 18year mean for
natural orgin summer
steelhead was estimated at
309and ranged from 146 to
728. The NOAA recovery
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9 The 1Gyear average proportion of natural origin spawngedlOSwas lower for the mainstem Okanogan
River 0.10) compared with tributaries (0.23) in the Washington State portion of the subb&simmer
steelhead spawningccured throughout the mainstem Okanogan River, although narrowly focused to
distinct areas that contained suitable spawning substrates and water velocities. The proportion of steelhead
spawning in tributaries appeared to be regulated in part by stream dischatgeh in turn is influenced by
spring time precipitation in small creeksning of runoff in relation to run timing of steelheadndsurface
water diversions

1 Distribution of spawning in the British Columbia portion of the subbhagremained largely unknown over
the past 10 years. Determining total abundance of spawnersalgasdifficult, but improved with the
installation of a PIT tag antenaaray (OKChabovedd# % 4(Osoyood.ake)and representative marking of
returning adults at Priest Rapids Dam (Project # 203000). A relatively small proportion of the total
adult steelhead pass into British Columbia, avarg@% for the past two yearsptwever, averag pNOS was
much higher in British Columbia (6)han Washington State (0.2ddiring that timeframe Continuing to
expand the number of PIT tag interrogation sites in British Columbia will help increase knowledge
concerningabundance andpatial and tempral distributionof summer steelhead in the subbasin.

9 Steelhead redd surveys cdoncumentspawning distributiontiming,and anestimate ofescapementn
years wherspringrunoff occurs posspawning.Defining the physical location of redds helps tomf
managers abouthe location ofhabitats being used for spawning and allow for tracking of spatial status and
trends through time. Spatial distribution of redds is also important when considering locatioestoring
and protecting habitat Since @BMEP began collectirgjeelheadspawning data in 2005, the importance of
not relying solely osteelheadredd surveys for abundance estimates has become evidemplementation
of an Upper Columbia Basivide PIT tag interrogatiosysten) coupled with thaepresentative marking of
returning adults at Priest Rapids D#Rroject # 201@34-00), allowed managers an additional means to
estimate abundance on years with poor water visibility, to validate redd survey efficiency, and describe
spatial distributiorand upstream extent of spawning, where previously unknawaccess was limited
Continuation ofthese effortswill allow managers to describe the spatial extent of spawning in tributaries,
monitor effectiveness of migration barrier removal, and bettefide escapement estimates with
confidence intervals.

JuvenileSteelheadMonitoring, Key Findings and Recommendations

9 CQutmigration (fishout) monitoringof steelhead in the Okanogan subbasgiaschallengingn the early years
of the project. New proatures were fully implemented in 20idhen OBMEP began conducting a U.S.
tributary juvenile monitoring study to estimate abundance and outmigration of naturally produced juvenile
steelhead. These studi@ssesed utilization of tributaries to thaVashingtem State portion of the&Okanogan
River by juvenilsteelheadwith the use of electrofishing, matiecapture eventsremote PIT taggingnd
in-stream PIT tag interrogations. These methods albthe program to more accurately monitor annual
abundance ofjvenile steelhead in the Okanogan subbasin, estimate precision and bias associated with
methods, and to determine trend in juvenile abundance, productivity, sgtraporal distribution, and
diversity throughtime. Resultsuggestd great improvements fomonitoring and understanding juvenile
metrics and can aid fisheries managers in concentrating recovery efforts in drainages that have the
biological capacity tsupportsufficientpopulations of juvenilsteelhead

Okanogan Basiklonitoring and Evaluation Program, 2014 Annual Report iii



1 In all tributary stream 50000

reaches avidable to Population Estimates of Naturally Produced

anadromous fistin the 45000 - Juvenile 0. mykiss, 2014

Washington State portion of 1< 95 mm

the subbasin, three streams m>95mm

contained 90.7% of the 35000 -

. : : ©

juvenileO. mykisgLoup = |

LoupCreek SalmorCreek, £ %%

and lower Omak Creek %‘ 25000 1

Figure ES2 The trend in E

total observed densitiesf g 20000 - %

juvenileO. mykésat annual £

snorkel monitoring sites 15000 1

increased in thesthree 10000 - = 3 37

streamsfrom 20042014 s =T T

but remained near or at 5000 - & & &

zero for nearly all mainstem ﬂ * T o =2 =z 2

Okanogan River survey sites s +T =z 2 @ 3 % P = < v "

during the summer base E 3 2 § & ¥ & § & £ § &
. n = 5 = c o < = C] < =

flow period 3 & r z

Tributary
1 Research is needed to assess-tmyg F19ure ESZstimated populatiortt95% CIpf natural produced
fry/parr sunival in mainstem juvenileO. mykissn tributaries to the Okanogan River. Data are

habitats. Although a relatively large presented byO. mykisdry (< 95mm) and juvenile+ (> 95mm)
proportion of adult steelhead spawn

in the mainstem reaches of the Okanogan subbasiWashington Stat¢1l0-year average of 64),

abundance of juvenile salmonids remaihvery low in those habitatslt is currently unknown if relatively

few juvenile steelhead emerge from the gravel, or if they emerge but survival is adversely affected by high
river temperatures. If they do survive to the fry/parr stagéher unknown life history pathways include
migrating from the mainstem Okanogan into tributary habitatslize thermal refugia along the mainstem
Okanogan, omigrateto the Columbia RiverPreliminary small scale investigations are mapping patterns in
temperature and dissolved oxygen in hyporheigter in select spawning areas, where eggs would be
developing Characterization of water conditions should be expanded, but remain focused on known areas
used for spawning by summer steelhead.

9 Predation wasindicated asanimportant limiting factor inthe EDT model results for the mainstem Okanogan
River. There is ho empirical data on predation in the OkanggarEDT modeling results are based on
assumptions regarding the risk of predation due to overlap between predators and juvenile salmonids in
time and space. Data should be collected to begin to understand the pregiapirelationships and the
extent of the effects of predators on anadromous salmoiiidihe Okanogan subbasin

Habitat Status and Trendonitoring, Key Findings and Recommendasio

1 In 2013, the integrated OBMEP/Ecosystem Diagnosis and Treatment (EDT) habitat status and trend report
was completed for both summetelhead and summer/fall Chinook for datallectedthrough 2009.
Results indicated that habitat conditions in the $iangton State portion of the subbasin had capacity to
supporta viable population of summer steelhead (> 50the U.S. portion of the Okanogam 2015.a
new EDT reporusinghabitat data collected thragh 2013 will be completed.
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1 Specific hbitat limitations identified and detailed by stream reach in EDT model results irctladeer
temperature,water quantity, water managementjne sedimentsand fish passage impedimen&mong
others. Further research is needed to relate how surface water terapure data compares to actual
temperature experienced by juvenile steelhead (e.g. diurnal movements and use of cold water refugia) and
to properly identify when and whersummertemperature may be limitingRefinements in fine sediment
data collection may be needed to more accurately quantity effects, as current methodsinseerage value
to expand site data to a reach level, which likely resulted in fine sediment ratings greater than what was
likely present in distinct spawning areas. To improvegiaality of fine sediment data and directly link it to
spawning habitat qualityrefinements in methodology should be considered in future years.

9 Over the past 10 years, the total number of stream kilometers available to anadromous fish in the @kanoga
subbasin has increased considerably, primarily due to modification or removal of impediments and
improvements in water management.

o0 Examples where substantial improvements have occurred in the Washington State portion of the
subbasin include: (1) Omé&keek, where habitat projects providediultaccess above an impediment,
first observed in the spring of 2014, and represaan approximate 81% increasestteam lengthfor
summer steelheadhabitatin that subwatershed. (2) In Salmon Creek, water négjiins between
the CCT and the OID resulted in improved connection during the adult spawning and juvenile
emigration seasorandincreasesn the number of total and naturally produced adult steelhead have
been observed. (3) In the Antoine
Creek watershe, projects
implemented in2013increased
anadromous habitat from
approximately 1.5 to 18 km.4)In
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Coordination and Data Management

In 2014, OBMEP parti@fed in the Coordinated Assessments project and was able to share the indicator of
natural origin spawner abundance (NOSA) with Stream@®&MEP also sutontracted with Sitka Technology,

to continue assisting with tasks related to the Coordinated Assessprocess and share relevant indicators
while developing electronic methods for data collection, review, transfer, and storage. OBMEP continued to
submit data types such atream discharge, water temperatursh passageadult abundanceand snorkel
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surveys to approved data repositories suchifesUnited States Geological Survey (USGS) surface water
discharge program, the NorWeST projdaata Access in Real Time (DART), Passive Integrated Transponder (PIT)
Tag Information System (PTAGIS), and StneamFinally, dissemination of some data types (GIS layers, EDT
reachessteelhead redd GPS coordinates, and water temperature at PIT tag ao@ysyedthrough the

program websitehttp://www.colvilletribes.com/obmep_project data.phpManagers should continue to

support the development of whole data systems which include study design development, data collection,
QA/QC of the data, storage of raw data, and automating standard catmsat

Acknowledgements

The Colville Confederated Tribes would like to acknowledge Edward Berrigan, Oly Zacherle, Vertis Campbell,
Byron Sam, Mike Miller, Jack RQ¥iver Pakootas, Wes Tibbits, Brooklyn Hudg&dmnda Dashegnd Dennis

Papa for theihelp in collecting, entering, and compiling field data for this report. Thanks also to Summit
Environmental)CHnternational Washington State Department of Ecology, Washington Department of Fish and
Wildlife, and the USGS for their collaboration onjects and data collection efforts. ThanksRichard
TownsendandJohn Skalskiom the University of Washington ColumtBasin Research for reviewimgoviding
comments andassisting in the development pfvenile abundance monitoring statistic¥hiswork would not

be possible without the cooperation of the many private landowners who have provided land access and
enabled us to collect data within the Okanogarblasin.

The Okanagan Nation Alliance Fisheries Department would like to acknowledgerttieton Indian Band (PIB),

the Osoyoos Indian Band (OIB), the townships of Oliver, Okanagan FdMsrdintion, the Lezard family, the

Baptiste family (of OIB), Tony Thompson, The Nature Trust of BC and the South Okanagan Rehabilitation Center
for Owlsfor access granted to sites of this ongoing study. Acknowledgements also go to Jamison Squakin, Cash
Tonasket, Julie Brewer, Zoe Masters, Sheena Hooley, Jake Guerin, Skyeler Folks, Andrew Clark, Tammy Petersor
Colette Louie, Kari Alex, Camille Rivardis, Floyd Baptiste, Natasha Neumann, Hannah Sungaila and Saul

Squakin for providing valuable technical assistance throughout the 2014 study.

Funding for the Okanogan Basin Monitoring and Evaluation Progwsprovided by Bonneville Power
Administraton.

Okanogan BasiWonitoring and Evaluation Program, 2014 Annual Report Vi


http://www.colvilletribes.com/obmep_project_data.php

Table of Contents

EXECULIVE SUMIMIALY .. eeiiiiiiieeiee e ee e e ettt e e e e e e e e e e eeeeeeeaaaaaaaeaaeaaaaeeeseeassassaaaaaaannnnnnnnnes i
ACKNOWIEAGEMENLS. .....ciiiiiiieiee et e e e e e et e et e e e aaaaaeaaaaaeaeeaeessesasaasssaasaansannnnnnnned] Vi
0 o o [ o o ) o 1
1.1 STUAY ATB@.... ettt oottt e e e e o e et e e e e et e e e e e e e e e e e e e e e e e R e e e e e e e e s 1
1.2 GOAIS AN ODJECHVES.....cciiiiiieiee ettt e e e e e e e s r e e e e s e b rn e e e e e aaan 3
2.0 Fish Population Status and Trend MONItOKING. .........cooee e e e e e e e e e aaaaaad 4
2.1 Adult Steelhead MONITOMNG..........cooiiiiiii e e e e e e e e e e e e e e e e aaaaaaaeaaaaaaaeeas 4
2.2 Juvenile Salmonid MONItOIING.........coiiiiiiee e e e e e e e e e e e e aaaaaaas 11
3.0 Habitat Status and Trend MONITOMING. ... e e e e e e e e e e aaaaaaaaaaaaaaaeas 17
3.1 Physical Habitat MONITOIING. .......uueiiiiiiiiiie et e e e e e eee s 18
3.2 Water Temperature MONITOTING. ......euieeeriiiieieeeeeearitre e e e s e e e e s e e e e e e s anb e e e e e e s s annnneeees 21
3.3 Water Quantity/Discharge MONITOMING............oooi i e e e e e e e e e e e e e e e e e 28
3.4 Water Quality MONITOMNG..........cooi it e e e e e e e e e e e e e e e aeaaaaaaeaaeeaseasaaassasasannnnnes 31
3.5 Biological Community MONITONNG......uueeeiiiiiiieiiiei e 33
4.0 Coordination and Data Management (RM&E)............ooiiiiiiiii i 35
5.0 Synthesis of Findings: DiSCUSSION/CONCIUSIANS...........uuiiiiiiiiiiiiiiie et e e e s e e e e s ane 38
5.1 Overview of Recommendations for Management Programs.............cooveeeeccicnneevnnennenniennennen. 41
] 1= €= o7 = PRSP 45
Appendix A: Use Of DAt & PrOGUCLES...........uiiiiiiiiiiiiieeeee et e et e e e e st e e e e s aibb e e e e e e e s asbenneeeeeaaas 50
Appendix B: Adult Abundance Metrics and INAICALAIS. ..........c.uuiiiiieeiiiiiee e 51
Appendix C: Underwater Video Monitoring at Zosel Dam............cccoociiiiiiiiiiiiieeeee e 53
Appendix D: Adult Steelhead Enumeration in Canada...............ueeeeieieeiiiiiiiiiiieieeeeeeeeee e 58
Appendix E: Juvenile Abundance Metrics and INAICALOLS.............cooiiiiiiiiiciiccee e 60
Appendix F: Juvenil®. mykisdark-Recapture Population ASSESSMENL...........ccooiiiiciiiiiiiiiniiivivveerreee e 62
Appendix G: Snorkel Surveys in the Okanogan SubbasinZBA@4.............cccccuvuiiiiiiiemiiieiieeeeee e e e eeaen 84
Appendix H: Snorkel SUrvey VErifiCatiOn............uuuuiiiiiiiiiiiiiiiieiee e e e 96
Appendix |: Habiteand Water Quality Metrics and INAICAtOrS...........uuuviiieiieiiiiiiiiiieeiieeeeeeeeeeeeeee e, 99
Appendix J: Rapid Assessment Habitat SULVEYS. ......uuveiiiiiiiiiiieieeeeeeeeee e 104
Appendix K: Water Quality and DISETOE.............uuviiiiiiiiiiiieie e e e 107

Okanogan BasiMonitoring and Evaluation Program, 2014 Annual Report Vii



List of Figures

Figure 1. Study area, the Okanogan subbasin in rmtiiral Washington State and southern British Columbia.
Markers signify OBMEP habitabnitoring sites; black signifies annual panel sites sampled every year, and
yellow signifies rotating panel sites sampled every four YEaIS. ... 2

Figure 2. Trend of hatchery and natural origin suen steelhead in the Okanogan subbasin compared with the
NOAA recovery goal (dashed lNE).......uueeeiiiiiiiiiice e eree e e e e e e e e e aaaaaaeaeee e s

Figure 3. Correlation between precipitation occurring during March, April, and May and the propoirtio
steelhead spawning in tributaries to the Okanogan River in Washington State............ccccoovvcvieeveeennnnne. 7

Figure 4. Spatial distribution of summer steelhead spawning in the Washington State portion of the Okanogan
subbasin from 2002014 (n=5,162 georeferenced steelhead redds). Dashed line on Salmon Creek represents
ASSUMEA SPAWNING USE.. i iii it ii it eeieee ittt e ettt e et e e s eeeeeeseeeeeeeeeeaaaaaaaaaaaaaaaaeaaaaasssassaaaaaaanssssssnesssssnrnnsnnnnns 8

Figure 5. Estimated population of natural produced juve@ilenissin tributaries to the Okanogan River in the
fall of 2014. Data are presented By mykisgry (< 95 mm) and juvenile+ (> 95 MM)........ccoccviiveeeeinnnnee. 13

Figure 6. Comparison of observed densities of juvédilmykisg< 300mm) in the mainstem Okanogan River
(near Malott, WA) and in a tributary to the Okanogan River (Omak Creek)........cccvvvveeveeiieviiiiiiieeieeeeeeenn, 14

Figure 7. Comparison of snorkel survey observation and-neadpure densities (fish/rf) within 150 m
MONITONING SILES (NT19)..uuuiiiiiiiiiiiiiee et e e e bbb e e e e s s s e e e e e e e e eeeeeeeeeaaaaeaaaaeaaaeeaaeens 15

Figure 8. Mean daily water temperature for lower Omak Creek (data from OBMEP habitat site 019). Myrick and
Cech (2001) define5EC as a temperature in which increased mortality has been noted to occur during egg
incubation. Markers signify the approximate time after peak spawn timing that steelhead eggs and alevin may
oL I 1 g [= 0o = V= R SPPPPP 24

Figure 9. Mean daily water temperature of the Okanogan River below Zosel Dam (USGS Station 12439500,
Okanogan River at Oroville, WA). Myrick and Cech (2001) define 15°C as a temperature in which increased
mortality has been noted toccur during egg incubation. Markers signify the approximate time after peak
spawn timing that steelhead eggs and alevin may be inthe gravel................cco oo, 24

Figure 10. Maximum weekly maximum water temgteires in the Okanogan subbasin from 2218 3. Shaded
area represents the 18°C exceedance (EPA 2003)........ooi it 25

Figure 11. Daily temperature fluctuations of the lower Okanogan and Omak Creek mhigidgly. Temperature
thresholds (horizontal lines) are described in Table 4; > 18°C represents above preference and elevated disease
risk (USEPA 2001a,b); > 23°C represents lethvakek temperatures (USEPA 2001C).........cccvveeeeeeriinnennen. 26

Figure 12. Average monthly discharge of the Okanogan River at Tonasket, WA (USGS Station 12445000,
Okanogan River NEAr TONASKET, VWA)........uueeieiieiiiiittie ettt e e e e e e e e st e e e e e e s annbeeeeeeas 30

Figure 13. Historic mean mdff &€ RA A OKIF NBES NBO2NRSR 0 21 GSNJ { dzZN©BSe
EARYA] Gy 3y G EOTRY Mmn B Havn BYRRYY S/ FyYER HANDID. ..., 30

Okanogan Basiklonitoring and Evaluation Program, 2014 Annual Report viii



Figure 14. 2014 water year discharge measuretsi@hfour discharge gauge sites on the Okanagan River in
British Columbia, legend arranged from upstream to downstream sites. The discharge between the dashed lines
represents a period when more water is removed from the system than is contributed.......................... 31

List of Tables

Table 1. Estimated number of steelhead spawners in the Okanogan subbasin in 2014wayesabed........... 6
Table 2. Estimated number of steelhead spawners in the Okanogan subbasin, by.year......................... 6

Table 3. Abundance estimates of naturally produ€ednykissn tributaries to the Okanogan Rivbelow
assumed anadromous barriers (Arterburn et al. 2007) in the fall of 2014; ordered from south to north in the
LS1U ] o] 0= ][ O OTOUPPPPPRN 13

Table 4. Summary of temperature considerations for incubatirthjavenile salmon and trout (adapted from

0] o AN 0[O 1 T - o] L= O o 0 ) PSPPI 22
Table 5. List of water quality, temperature, and discharge attributes used to populate the Ecosystem Diagnosis
and Treament (EDT) model and associated measurement status obtained through OBMEEP................. 33
Table 6. Summary recommendations for management programs, bwatdrshed................cccccooviiiiienneenn. 42

List of Okanagan Place Names

Columbia River yEAY A

Ellis Creek avnye | Li

Inkaneep Creek F1al1 A1 Fyd
Okanagan Falls AR YA

Okanagan Lake 1 OdzAEY A G 1 2 N
Okanagan River ljl- & 3K

Osoyoos Lake g M a

Penticton snpintktn

Shingle Creek I {1 OE YAyl L

Skaha Lake ljrs&® G

Vaseux Creek
Vaseux Lake
Similkameen River

2y Befijl E AL
yLAEDH
YY&EAGL

Okanogan BasiWonitoring and Evaluation Program, 2014 Annual Report



1.0 Introduction

The Okanogan Basin Monitoring and Evaluation Program (OBMEP) conducted status and trend manitoring f
2004 through 2014 to collect and analyZiéish data corresponding to adult and juvenile abundareewell as
spatialandtemporal distribution throughout the Okanogasubbasin.Much of these efforts were specifically
focused on Upper Columbia Rivemmer steelhead@ncorhynchus mykigswvhich are listed as threatened
under the Endangered Species AdMFS 2009)Additional monitoring efforts included physical habitat
measurements, water quality, temperaturdischarge, and benthic macroinvertebratata. Over the long

term, status data can be used to examine trends, which may indicate if salmon populations and respective
habitats are improvingDue to the transinternationalboundaryintersectingthe Okanagan subbasithe CCT
began collaboratingvith the Okanagan Nation Allian¢®NA) Fisheries Department on this project in the
Canadian portion fothe sulbasin in 2005 Continuing &ort is put intomaintainingconsistentsampling
programs on both sides of the borddgmroughfrequent meetings androsstrainingto align methodologies for
collectingbiological and physical fielthta.

1.1 Study Area

Within the UpperColumbia RiveBasin the furthest upstream and northermost extent ofcurrentlyaccessible
anadromoushabitat is found in the Okabgan RiverThe Okanogasubbasinextendssouthfrom its headwaters
in southern British Columbitroughnorth central Washington Statevhere it meetsts confluence with the
Columbia RivefFigure 1) The total drainage area of the Okanogan subbasiughly 21,000 kfnmore than
twice the size of the MethoypEntiat, and Wenatchee subbasins combined (NPCC 2004, Morrison and Smith
2007) however, thetotal stream kilometers available to anadromous salmomidsliimited due to natural falls
and manmade barriers. The Okanogarsublasinis comprised of diverse habitat, from high mountain forests to
semiarid lowlands.Often bordered by steep granite walls, water passes from north to south thrasghiesof
large lakesvhich give way t@low gradientmainstemriver before entering theColumbia Rivenear the town of
Brewster, WA

Thesuhlbasin supports a population of summfail Chinooksalmon Qncorhynchus tshawytscha greatly
expanding number ofockeyeSalmon Qncorhynchugerka), a populatiorof summersteelhead(Oncorhynchus
mykis$ which areESA listed ahreatened(NMFS 2009)and rare observations of spring Chinook Salmon and
Coho Salmondncorhynchus kisutg:hDuring the Ia\'ge summer months, water temperatures in the mainstem
cause adjustments in juvenile rearing location and adult migration during that timeframe. A number of small,
cold water tributaries to the Okanogan offadditiond habitatfor steelhead but access is often restricted by
insufficient discharge and the total extent is often limitedraturaland manmadeimpediments Within the
Washington State portion of the Okanogan subbasin, the vast majority of land alongeh& under private
ownership, and landowner cooperation is required for fisheries research activities to occur. Economic activity in
the subbasin is centered on fruit crops, ranching, agriculture, tourism, mining, and timber harvest. In this
relativey arid environment, a complex system of fisheries and water management requires coordination

'Spelled 60Okanogand in the U.S. and spelled 6Okanagano ir
document.
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between many local stakeholders, stgf@ovincial)agencies, federal agencies, and Trilmsd First Nations
from both the United States and Canada.

1. Penticton Dam
2. Skaha Dam
3. Mcintyre Dam
4. Zosel Dam
5. Enloe Dam

Canada

\,\/ k United States

)

0,
%
&
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!
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: cJD
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Figurel. Study area, the Okanogan subbasin in narmtral Washington State and southern British Columbia.
Markers signify OBMEP habitat monitoring sites; black sigmrifiesalpanel sites sampled every year, and
yellow signifies rating panel sites sampled every four years.
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In the Canadian portion of the Okanagan subbasin,-made barriers are major constraints ¢orrentsalmonid
migrations Dams exist at the outlets of Canadian Okanagan mainstem lakes inclaaiiga (Osoyos Lake),

y LIQ A B\asehxd kel 64/ (6 { 1 F KI [ F1S02 IyR {Od&AEYyAG] @hilyl 3

Y LIQ A H\asdhxd &keknown as Mcintyre Damwas refitted to no longer obstruct fish migration outright.

/| dZNNB y i t & = (akda&yan)Lakdyaief daih Bt snpintktn (Penticton) is the upstream barrier for all
anadromous salmon species and {leg & {(Skaha Lake) outlet underwent improvements for fish passage in
2014. It is known that anadromous salmonids have previou@bwdR (KSS/MSIjI 3K Iy 3y WS
system Ernst and Vedan 2000

1.2 Goals and Objectives

OBMEP conducted status and trend monitoring in the Okané&earsubbasin to evaluate Upper Columbia
River summesteelheadpopulationin order to support the followin@onreville Power AdministratiorBPA
Fish and Wildlifenanagemensub-strategie$:

1. Assess the status and trend of natural and hatchery origin abundance of fish populations for various life
stages.

2. Assess the status and trend of juvenile abundance and mitddty of natural origin fish populations.

3. Assess the status and trend of spatial distribution of fish populations.

4. Assess the status and trend of diversity of natural and hatchery origin fish populations.

This project alssonductedstatus and trends nitoring to evaluate habitat in the Okanogan subbasin used by
Endangered Species AEISA Listed Upper Columbia Riveaeslhead to help support the followinBPA Fish and
Wildlife substrategy:

5. Monitor and evaluate tributary habitat conditions thatay be limiting achievement of biological
performance objectives.

OBMEP was designed to monitiatus and trendef the ecosystem including biological, physical habitat, and
water quality parameters. Protocols were developed to assess abundance, puitgyudiversity, and spatial
structure of adult and juvenile Uppeofdmbia Rivesummersteelheadin the Okanogan River and its

tributaries. Although data and analysis derived from OBMEP may help to address effectiveness of habitat or
hatchery projectsidentifying causal mechanisms was not the intent of the original program research questions.

% Fish Population RM&E https://www.cbfish.org/ProgramStrateqy.mve/Summary/1

® Tributary Habitat RM&E https://www.cbfish.org/ProgramStrateqy.mvc/Summary/3
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2.0 Fish Population Status and Trend Monitoring

To assess presence or absence of meaningful change in biological factors at the population scaterfer
steelhead, the Okanagan Basin Monitoring and Evaluation Progosutluctedsurveys or sampling ahe
following status and trendhetrics

1. Adult Steelhead Monitoring
a. Assess the abundance, spatial distribution, and timing of adult retugnation and spawmig.
b. Assess the abundance and proportion of natural origin to hatchery origin returning adults.
2. Juvelile Steelhead Monitoring
a. Assess the abundance, spatial distribution, and productivity of juveniles during rearing life
stages.
b. Assess the abundance and iimg of juvenile outmigration.

2.1 Adult Steelhead Monitoring

2.1.1 Introduction

Within the Upper Columbia River Basin, the furthest upstream and noriimerst extent of currently accessible
anadromous habitat is found in the Okanogan Rigummersteelheadare listed as threatened in the Upper
ColumbiaRiverESU under the Endangered Species Act (B8BA5S 2009)Recoveingthis ESU requires that all
four populations (Wenatchee, Methow, Entitat, and Okanogan) meet minimum adult abundance thresholds,
have positive population growth rates, and each population must be widely distributed within respective
sukbasins (UCSRB 2007). Within the Okanogan River subbasin, the Okanogan Bisiimdyland Evaluation
Programhasmonitored adult abundance attributefrom 2005 throug2014.

In the Canadian portion of the Okanagan subbasin, previous studies have shown tlsicdllgt $eelhead

were found throughout the Okanagan subbasin (Ernst and Vedan 2000)A 2 NJ 02 wHnn g aOLy G @
20dS02FY1 8EDH G 3SIE[ 06 AKSdeaANT Y 61 NNENRNSRIoOY 3 |y RNRY 2dd - Y 2y AR5 dilyE (K&

S8 A Fyldy1hyS3d N[ o yRayHr Bl E & Lotk 3SdE/ NSB| 0g SNIKS 2y Y I 2NINSd i NS

accesible to anadromousteelhead for spawning and rearingdNA Fisheries Department conducted redd
adz2NpSea 2y 020K aA0NBFYa FyR 2LISNFYGIGSR || O2dzydAy3 6SA
2006until 2011. While anadromousezlhead were documented during these monitoring actions (Audy et al.

2011), surveys were discontinued due to difficulties in data collection during spring freshet awthdigence

estimates. Mcintyre Dam was refitted in 2009 to allow upstream migration of salmonids and, currently,
migratingsteelhead have access to habifatd FI NJ dzLJA G NBF'Y | & (KS 10dAEYAL]
snpintkin (Penticton). Thisallow$ SSt KSIF R | 00Saa G2 Fd €SFad F2dzNJ Y2 NI
NS YRV GdRY 3 { KdidfSe 2NB/ NeB|2a G Sy / NS zyLavel - oot/ NSBJOtYRIE | OE YA YL o6 { KAy 3f
IN20122014 GKS 2yfteé& SydzYSNIdGA2y YSGUK2R dzASR ¢l & | tl &aaj
KSljtga] d{lyr3yweBNy | VEBY 2aidedND Y 2Fads % ad 528223 [ | 0 (SN £ 581 (INIRTXE)

(VDS) 3.

2.1.2Methods
OBMER Adult Abundance Redd Survey8D:192)

https://www.monitoringmethods.org/Protocol/Details/192
OBMER Adult Abundance Adult Weir and Video Array (&)
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https://www.monitoringmethods.org/Protocol/Details/6
Estimate the abundance and origin of Upper Columbia steelhead {284:00) v1.0(ID:235)
https://www.monitoringmethods.org/Protocol/Details/235

Metrics and Indicators for adult summer steelhead monitoring are liste&bpendix B.

OBMEP developertdd surveyprotocolsin 2004 ,derived from the Upper ColumbMonitoring Strategy

(Hillman 2004)that called for a complete census of sitelheadspawning. Preliminanpethodsfor
implementing redd surveys weimplementedin 2005 and these methods were later revised in 20Biom

2010 through 204, OBMERmMployedmultiple methodsto determine a totakpawningestimate for the

sukbasin. Each method has been desedlin detail in the monitoringiethodsorglinks listed above. d@@ints of
steelheadspawning downstream of anadromous fish migration barr{@rserburn et al. 200/Walsh and Long
2006 were attemptedin the mainstem and all accessible tributaries of the Okanogan and Similkameen River
drainages within the United Stateg&dult weir traps, PIT tag arrays, and underwater video enumeration were
usedto improve escapema estimatesat locatons wherespawninghabitat was extensivenvironmental
conditions were unfavorable for redd surveys to ogamnd to coordinate with other ongoing data collection
efforts. Enumeration of steelhead in the British Columbia portiothefsubbasin relied solely on expanded PIT
tag detections.

2.1.3Results

In 2014, a total of 1,356 summer steelhead (838 hatchery and 518 natural evigi@)estimated to have
spawned in the Okanogan subbasircluding the Canadian portionA summarf the estimated number of
adult steelhead spawneiia 2014 distributed by mainstem reach and individual tributaries, are presented in
Tablel. From 2005 through 2014, thmeantotal number of steelhead spawne(satchery and natural origin)
in the Okangan subbasin was 1,818 and th@yearmeannumber ofnatural originspawning steelhead was
309(Table 2) The slope of the trend line from 2005 to 2014 suggests that the numhaatafal origin
spawners increased at an average rate of 33 fish per{@gure 3. The trend in hatchery origin spawners
increased from 2002010, but declined from 2012014.

In 2010, 2011, and 2012, water availability in the Okanogan subbasin was above normal and subsequently, a
larger proportion of steelhead spawnedtiibutariesto the Okanogan Rivehan documented in previous years
(Figure 3).Years such as 2006, 2008, and 2009 show how low tributary discharge can dramatically alter
spawning location and reduce the available tributary habitat for steelhead toautifigure 3) Spawning

occurred throughout the mainstem Okanogan River, although narrowly focused to distinct areas that contained
suitable spawning distrates and water velocities archs been documented to be most heavily concentrated
below Zosel Dam oiine Okanogan River and in braided island sections of the lower SimilkameejFRjuee

4). Annual collection of adult summer steelhead data provided a comprehensive depiction of spawning
distribution and minimum escapement within the Okanogan Rivebasin. More detasiconcerning

escapement estimates can be found in the 2014 Okanogan Basin Steelhead Escapement and Spawning
Distribution report (OBMEP 2015).

For the Canadian portion of the Okanagan subbasin, PIT tag detections aawvibigkg (Okaragan River) at VDS
3 (Okanagan ChanneDKC) upriver of suwiOsoyoos Lake) are listed in Appendix D from 2010 to 21zl
years listed, a higher proportion oftural originsteelhead detected at Zosel Dam continugrithe cawsitk
(Okanagan Rer) upriver of suwi® (Osoyoos Lake) than hatchetgedhead. However, these proportions were
based on extremely smabmple sizesln 2014, a temporary PIT array was installed in Shuttleworth Creek
during the spawning season; however, no tag detediomre observed. Thergere no data for 2011 to 2013
for the number of teelhead spawners entering Canadian tributaries.
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Tablel. Estimated number of steelheaapawnersn the Okanogan subbasim 2014, by subwatershed

Estimated Total Estimated #

Category Description/Reach # Spawners Natural Origin
WA Mainstem Okanogan River 302 50
Similkameen River 123 21
WA Tributary Loup Loup Creek 35 27
Salmon Creek 163 51
Omak Creek 393 207
Wanacut Creek 0 0
Johnson Creek 57 19
Tunk Creek 48 11
Aeneas Creek 3 1
Bonaparte Creek 135 71
Antoine Creek 0 0
Wildhorse Spring Creek 0 0
Tonasket Creek 49 28
Ninemile Creek 9 9
Subtotal Adult escapement into WA mainstem 425 71
Subtotal Adult escapement into WA tributaries 892 424
Subtotal Adult escapement into BC 39 23
Total Okanogan subbasin 1,356 518

Table2. Estimated number of steelheapawnersn the Okanogan subbasiny year.

Year Natural Origin  Hatchery Origin Total
2005 146 1,080 1,226
2006 197 702 899
2007 152 1,116 1,268
2008 225 1,161 1,386
2009 212 1,921 2,133
2010 728 2,768 3,496
2011 333 1,341 1,674
2012 327 2,475 2,802
2013 250 1,687 1,937
2014 518 838 1,356
Average 309 1,509 1,818
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Figure3. Correlation between precipitation occurring during March, April, and Btaythe proportion of
steelhead spawning in tributaries to the Okanogan River in Washington State.

* The Interior Columbia Basin Technical Recovery Team (ICBTRT) determined that 500 natural origin steelhead
adults would meet the minimum abundance recovery criteria within the U.S. portion of the Okanogan subbasin.
Including Canadian portion of the subbasin, minimum abundance recovery criteria would be 1,000 natural origin
adults (UCSRB 2007).
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Figure4. Spatial distribution ofummersteelheadspawningin the Washington State portion of the Okanogan
subbasirfrom 20052014 (n=5,162georeferencedsteelheadredds”. Dashed line on Salmon Creek represents
assumedspawninguse’.

2.1.4Conclusions

In the United States, summeteelheadr NS OdzNNBy Gt e fAaGSR Fa aOGKNBI GSySH
in the Upper Glumbia RiveESUNMFS 200p TheOBMEP monitored adult Viable Salmonid Population (VSP)
abundance attributes (McElhany et al. 2000) within the subbasin for Okanogan River suesiteragithrough

redd surveys, underwater video counts, and PIT tag exparestimates.Detailed percentwild informationhas
beenprovidedannuallyand every attempt has been made to ensure that these estimates are as accurate as
statedmethods currently allow. However, these data should be used with caditemguseit is dfficult to

® As of the spring of 2014, upper Omak Creek above Mission Falls was accessible to anadromous steelhead.

® Assumed spawning use due to video observations and PIT tag detections, but no comprehensive redd surveys
have been conducted on upper Salmon Creek.

Okanogan BasiWonitoring and Evaluation Program, 2014 Annual Report 8



define natal origin through visual observation alone (i.e. intact adiposevimigbility surrounding the estimate

has not been quantified, and assumptions have been made which have not yet been valiQ@ateasionally,
modeled escapement da were used when discharge rates were not conducive for visual surveys. Other
methods, such as PIT tag estimates and redd expansion estimates, rely heavily on calculated escapement values.
Additionally, relatively low returns in 2005 and 2006, when d¢edpvith a very large return in 2010, likely

skewed the trend data in an upward direction. Large variations in estimates exist in many reaches from year to
year, but often, these accurately reflect reabrld situations rather than survey bias or calcidaterror. Small
creeks may have extremely low flows for two years, blocking access with no spawning occurring, and then
experience a large run of fish the following year when sufficient flows exgt@up Loup Creek escapemaenit

0, 0,and125for 2008, 2009, and 2010, respectivielyThis irregular nature of small scale population data
frequently results in data being scattered loosely around a linear trend line. We have made every effort to
ensure that the reported values are as accurate as pasdiitluding using multiple data collection methods for
validation, comprehensive etihe-ground surveg, and besprofessionajudgmentbased on extensive local
experience with thesubbasin.

Annual variations of environmental factors can profoundly istpadd distributions in small tributaries tbe
Okanogan River. Changesimmer $eelhead spawninglistribution within tributaries appear to be driven by:

1) dscharge and elevation of the Okanogan Riv¢rdscharge of the tributary stream8) iming of runoff in
relation to runtiming ofadult steelhead; and}) stocking location of hatchery smolt§ he first three factors are
largely based upon natural environmental conditions, which can be altered dramatically by such things as water
releases fron dams, irrigatiorwithdrawals, and climate change. Years such as 2006, 2008, and 2009 clearly
show how low tributary discharge can dramatically alter spawning location and reduce the available tributary
habitat forsteelheadto utilize (Figure3). Habiat alterations at the mouths of key spawning tributaries may
improve access, provided that sufficient discharge is available. In 2010, 2011, and 2012, wiatieitigvia the
Okanogarsubbasinvas above normal ansubsequently, a larger proportion gfeelheadspawned in tributaries
than documented in previous years. Approximately 41% and 43%¢alheadwere estimated to have spawned
in tributaries to the Okanogan in 2010 and 2011, respectivBcause mainstem values were largely calculated
and notdirectly counted for 2007 and 2042014 due to unfavorable mainstem redd survey conditions,

certain conclusions can be drawn tbosesurvey yeas. Summesteelheadthat spawn in tributary habitats of

the Okanogarsubbasin are more likely to find dable environmental conditions and rearing habitats than those
spawning in mainstem habitatd herefore habitat implementation programshould continue to focus on
projectsthat address adequate flow in tributaries to the Okanogan River.

A multiryearrestoration project on Omak Creek improved passage at a steep, bechdéed falls and PIT

tagged adult steelhead were documented above the falls for the first time in the spring of 2014. This restoration
action should contribute to an increased spawpapacityin future yearsn Omak Creek by increasing the

amount of availablestream lengthby approximately 81%. Managers should continue funding projects that
facilitate passage, but should also consider funding actions that improve stream habitatemsednstream

flows, even beforémpedimentsarealtered For example, a barrier to a stream that dries up seasonally should
probably not be removed until yeaund flows are restored because steelhead may be able to accessdble

to spawn but eggor parrwould desiccatewhen the stream dies up in the summer.

The removal of barriers in the Canadian portion of the Okanagan subbasin potentiallysaleliead to access
more tributary habitat for spawning and rearing. While current sample simesot sufficient to provide

confident abundance estimates, baseline data are needed in order to detect if suger#éread recolonize

newly accessible habitat. Currently, the distributiorsteelhead spawning past OKC antenna array is unknown.
Expandng PITtag detection sitedurther upriver and into tributariesvould providespecificinformation related

to spawning areas andin timing and could be coordinated with reintroduction programs. Adding more
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antenna arraysn the Canadian Okanagan Riveblsasincould also be used to test assumptions about detection
efficiency.

Smmer deelheadredd survegin the Okanogan subbasoandocumentspawning distribution an@rovide an
estimate ofescapementn years wherspringrunoff occurs posspawning.However, modeling distribution

and abundance of spawning on years with early runoff is less objective. Since OBMEP began collecting
steelheadspawning data in 2005, the importance of not relying solely on redd surveys for abundance estimates
has become evieht. Implementation of an Upper ColumiBasinwide PIT tag interrogation syster(Rroject #
2010034-00), coupled with the representative marking of returning adults at Priest Rapids &lmwed
managersan additionalmeansto estimate abundance on yeawith poor water visibility This project also
provided avalidaion tool forredd survey efficiencyyhile describingspatial distribution and upstream extent of
spawning where previously unknowontinuing these efforts will allomanagergo more acurately describe
the spatial extent ofteelheadspawning in tributaries to the Okanogan River aefine spawningestimates
when redd surveys cannot be conducted.

Lessons learned and recommendations for future monitoring of aéelheadin the Okanogn sublasin

1. Continuecollectionof steelheadredd data.

a. Defining the physical location céddshelps to inform managers about whicind to what
extent, habitats are being used for spawning and allow for tracking of spatial status and trends
through tme. Detailed results are available in annsedelhead spawning reports.

2. Continue the representative marking aflult steelheadwith PIT tags at Mi€Columbia facilities along
with operation of PIT tag interrogation systems at the lowesichesof tributaries (Project # 201034
00).

a. The representative marking of returning aduisPRChas allowed researchers to expand
unigque detections into escapement estimates in distinct-sugtersheds within theaJpper
ColumbiaRiver This project has helped to idiify spawning areas that were previousl
unknown orundercounted, and define confidence intervals surrounding pamtndance
estimates.

b. Expand the number of PIT tag interrogation sites in the BC portion of the subbasin.

3. Examine feasibility aleterminingadult escapement estimateis the mainstenfrom markrecapture
PIT tag expansion estimates.

a. Spring redd surveys may produediableestimates on low water years or yearvith adelayed
runoff period. Howeverthe onset of runoff frequently coincides or prior to the peak of
steelheadspawning. In the Okanogan River, any meaningful rise in discharge equates to
significant increases in turbidity which typically last through July.

b. Current redd survey expansion procedupgevide a point estimate, budo not allow for
determination of confidence intervals.

4. Ensure adequate flow exists in tributaries to the Okanogan River to allow adult fish access into creeks
during the spawning timeframe.

a. The focus should be on swmtersheds that retain sufficierftows throughout the summer to
support fry/parr rearing (e.g. Loup Loup, Salmon, and Antoine Creeks).

5. Explore alternative adult enumeration techniques for Zosel Dam that will account for periods of high
flows when the spillway gates are raised.

a. There ae currently no methods used for quantifying fish passage when the spillway gates are
raised to more than 12 inchea height in which adult fish can pass underneath the spill gates

b. Explore feasibility of installing PIT tag detection array near the dhatnspans the entire
channe) or upstream of the spillway gates to detect fish passing underneath
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2.2 Juvenile Salmonid Monitoring

2.2.1Introduction

Life history strategies and residence time of juvesilheadcan be highly variable. The timiof

outmigration can vary widely, even among the same brood year and between sexes (Pevd9@4al.
Consequentlyinterpretation of migrational movements (i.e. resident vs. anadromous) can be challenging. The
OBMEPRperated a rotary screw trap (RSigm 2004through2011on the mainstem Okanogan Rivter

monitor outmigration of juvenilesalmonids but very few captures of naturally producegelheadyielded

highly variable and unreliable estimatfes that species

Snorkel surveys of juvenile sanids can show changes in relatiMeservedabundanceat sitesover time (Schill
and Griffith 1984, Thurow 1994). Annual variation in observed abundance is calculable from the current long
term dataset for the Okanogasukbasin, but it remaisunknown hav these values relate to absolute
abundance.Datacollectedfrom summersnorkel surveys conductdady OBMERrom 2004(2005 in British
Columbia}hrough 204 show very low numbers of juvenieeelheadin the mainstem and considerably higher
densities in tibutaries. To more accurately monitor population status and trendsatiirally produceduvenile
steelheadin the sukbasin, population monitoring efforts are being refocused to the aoater tributaries.

In 2014, new subbasirwide juvenile monitoriry studiesvere implementedo assess utilization of tributaries to
the Okanogan River by juvengeelhead while conforming to existing monitoring frameworks in thadasin.
This task was accomplished with the usenairk-recaptureelectrofishing, remte PIT taggingand instream PIT
tag interrogations. The primary study goals were t@:gdtimateabundance of juvenil®. mykissn small
streams, (2@etermineprecision of estimates, and (3) calculate an independent, strbased emigration
estimatefrom PIT tagsThese methods allow the program to more accurately monitor annual abundance of
juvenilesteelhead in the Okanogasubbasin estimate precision and bias associated with methods, and to
determine trends in juvenile abundance, spatial disttibn, andlife historydiversity through time.

2.2.2Methods

In 204, juvenile monitoring data collection occurred through the lempentation of snorkel surveys, boih
the U.S. and Canadand atributary-focused electrofishing ahPIT tag markecaptue studyin the U.S. only.

OBMER Juvenile AbundanceMark-Recapture (ID:194)
https://www.monitoringmethods.org/Protocol/Details/194

To estimate abundance of juvensgeelheadwithin each~150 m site, a twepass LincohPetersen mark

recapture study was performed. Siesed abundance was expanded to estimate the population of juvénile
mykissin each stratumEDTreach). It was assumed that each site was representative ofréaeh in which it is
located and that fish were evenly distributed throughout the reach. Each reach has an expansion factor for the
area not sampled during site based surveyhkerefore, the total population estimate for an individual creek was
calculatel by summing abundance estimatesrossreaches.The location of a parallel PIT tagay near the

mouth of creeks may allow for determination of an emigration estimate. Efficiency of the PIT tawasray
monitored throughoutthe period of the study basl on detection probability of each antenna, which will be
determined using marked release groups from the R8dted near the mouth of Omak Creakd upstream
hatchery plantings Assuming that fish tagged upstreamere representitive of the total popukéon of juvenile

O. mykissthe estimated proportion of tags from the study that pass the array will be applied to the population
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estimate todetermine a total yearly emigration estimat®etailedmethods for the juvenile markecapture
project are preseted in Appendid

OBMER Juvenile AbundanceSnorkel surveys (ID:7)
https://www.monitoringmethods.org/Protocol/Details/7

Snorkel surveys have been conducted from 2005 through #0fte Okanogan subbasiffo minimize inter

crew observer bias, tributaries were snorkeled by the same observers from 2009 througjradlthose who
snorkeled the mainstem Okanogan and Similkameen Rivers in 2011 also shorkeled the following years. All
observers were trained and had experience in fish observation techniques and species identification prior to
snorkeling. Snorkel survey data have been presented as dengityerniile O. mykiséa, which was derived by
dividing the observed number of fiskiss than 300 mrin each site by the wetted surface area of the survey site.
Wetted surface area was calculated by measuring 22 evenly spaced wetted width measurements within the site
and multiplying the average width by the total survey reach lendfletrics and Indicators fguvenile

monitoring arelistedin AppendixE

2.2.3Results
Mark-RecaptureAbundanceEstimates

During the 204 field seasongight tributaries were representatively sampled to determine abundance of
juvenileO. mykissn streamreaches accessible smadromoudish. Three streams were not sampled due to
lack of access, minimal habitat, and/or limitesinainingtake on the electrofishing permit for the year.
Estimated abundance (x95% C.1.), capture efficiency of juv@niteylkss and precision of estimates are
presented in Talel3. In all tributary stream reaches available to anadromous fish in the Washington State
portion of the subbasin, three streams contained 90.7% of the juvénilmykisgLoup Loup Creek, Salmon
Creekand lower Omak Creekigureb). Spatial distribution of juvenil®. mykisyvaried within and between
subwatersheds, both by density arddrk-length (FL)distribution (refer to Appendi¥). A PIT tag was placed in
all captured parr over 95 mm to monitthe proportion of fish that oumigrate duringthe following fall and
spring. Detection and calculation of emigration estimates will occur the following season, and thus, total
emigration results will be reported in the following year.

A number ofsmall creeks in the Okanogan subbasin contain flowing water in the upper reaches, but water
frequently flows suksurface before entering the mainstem Okanogan River. Salmon, Wanacut, Tunk, and
Tonasket Creeks are all watersheds where adult spawningdeasdocumented, but were dry in the lower
reaches during the summer and fall of 2014. Wanacut Creek was dry in the lower ~3,000 m, but had flowing
water from the falls (natural anadromous barrier) for ~300 m; however, zero fish were observed during
samplng. Due to the wetted width being approximately 1 m during sampling, capture efficiency would have
likely been high, therefore it is likely that Wanacut Creek contained little to no juv@niteykissn 2014. Tunk
Creek had a wetted length of ~700m belthe anadromous barrier (falls) before going susface for ~400 m

to the confluence with the Okanogan River. Although a number of adult steelhead spawned in Tunk Creek in the
spring of 2014, no fry were observed and many parr were in poor conditiony(mvare thin with fungus on

eyes and head), potentially due to very low flow and water temperatexeeedind?5°Cduring the summer.
Tonasket Creek was dry in the lower ~2,500 m, but had flowing water from ~700 m below and up to the
anadromous barrier #ils). Juvenil®. mykisslensity appeared to be very highowever, the fish appeared to

be in surprisingly good condition. All naturally produced juvedilenykisshat were 95 mm and larger were PIT
tagged. Future outmigration data may be able towhf naturally produced. mykissn small disconnected
streams contribute to returns of adult steelhead, or if contribution from these small watersheds is minimal
relative to the number of adults that spawn in these streams.
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Table3. Abundance estimates of naturally produc@d mykiss$n tributaries to the OkanogaRiverbelow
assumed anadromous barriers (Arterburn et al. 2007) in the fall of 2014; ordered from south to north in the
subbasin

< 95 mmO. mykiss > 95 mmO. mykiss
Avg. Avg.
Abundance Capture Abundance Capture
Tributary Estimate 95% ClI Eff. C.V. Estimate 95% ClI Eff. C.V.
Loup LougCr 18,806 1,567 39% 0.043 2,542 319 62% 0.064
SalmonCr 41,803 6,339 25% 0.077 31,269 2,245 48% 0.037
OmakCr 23,045 1,647 31% 0.036 6,958 886 46% 0.065
WanacutCr 0 0 - - 0 0 - -
TunkCr 0 0 - - 193 31 81% 0.080
AeneaCr 86 14 44% 0.081 106 20 47% 0.096
BonaparteCr 2,922 368 45% 0.064 127 20 60% 0.082
TonaskeCr 2,192 716 7% 0.167 526 51 58% 0.049
NinemileCr 4,184 756 67% 0.092 2,393 375 43% 0.080
Total or
Average 93,038 11,407 37% 44,114 3,947 56%
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Figureb. Estimatedpopulationof natural produceduvenileO. mykissn tributaries to the Okanogan Rivér the
fall of 2014 Dataare presented byO. mykissry (< 95 mn) andjuvenile+(> 95 mn).
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Snorkel Surveys

In the Washington State portion of the subbasin, the highest densities of ju@niteykisobserved at any
single site on a creek was on Loup Loup Creek (17#j8bMha),followed by Tonasket Creek (14,252 fish/ha),
and Bonaparte Creek (12,123 fish/h@hree sites were sampled on Salmon Creeklidensities among these
sites ranged from 178 to 2,466 fish/h@hree sites below the anadromous barrier (Mission Falls) oakdbneek
had densities of 2,654 to 8,874 fish/hbn contrast, the density of juvenil®. mykisat four sites above the
anadromous barrier on Omak Creek ranged from 0 to 1,560 fisilwgjuvenileO. mykissvere observed in 8
out of 12 sites total sitesn the mainstem Okanogan Rivekverage observed density in the Okanogan
mainstem was 0.12 fish/ha and 1.21 fish/ha in the Similkameen River, compared to an average det29% of 4
fish/ha in all tributaries.The trend in total observed densities of/gnileO. mykisst annual snorkel monitoring
sites increased in three major streams from 2€®14 (Loup Loup, Salmon, and Omadeks) but remained

near or at zero for nearly all mainstem Okanogan River surveyditey) the summer bas@iow period.
Resultsover the past 10 yearontinuedto show very low humbers of juvenile steelhead in the mainstem and
considerably higher densities in tributaries<(Figure 6).Quantity of water (i.e. dry creeks, as noted in the
figures contained in Append@®) gppeared to limit distribution of juvenil®. mykissn many small streams.
Tributaries that support adult steleéad spawning, but wenmost notably affected by low summer discharges
included Tonasket, Wildhorse Spring, Tyhower Salmon, and Loup Lougeks in Washington.
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Figure6. Comparison of observedknsities of juvenil®. mykisg< 300mm)n the mainstem Okanogan River
(near Malott, WA) andh a tributary to the Okanogan River (Omak Creek)
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In the British Columbiportion of the Okanagan subbasin, 11 out of the 12 tributary sites were snorkeled

2014 One site otHayne<Creek (OBMER71) was dry at base flow. Juven@e mykissvere observed a8 of

the 11 sites. No juvenil®. mykissvere observed in lowesnph y Q& | L (i || OBMERTONTEstalinbh S |
Creek (OBMEP252) and Wolfcub Creek (OBMEES0) The highest average density of juve@emykiss

(fish/ha) was observed iMcLean Creek(2,561fish/ha). The highest totadumberof juvenileO. mykissvere

observed irgy-v B&flj| E Bl Ldvaseux Creek) Y R+ 1 &1 A1 I y LAl bowrljF §3K]y Skanagah N S 1 0
River)mainstem sites were sampled @anadand O. mykissvere observed adll foursites. The average

density ofjuvenileO. mykissvas lowerin the mainstem§ fish/ha) compared to tributariesith O. mykiss
(1,169fish/ha).

Refer to Appendi for additionaldetail on observed abundance estimates from snorkel surveys.

Snorkel Surveys Verification

In 2014, snorkel surveys in small stream8Vashington State were coupled with madcapture electrofishing

in attempts to determine potential relationships between snorkel observation and total abundance of juvenile
O. mykissn 150 m survey sites. The number of observed fish during snomeysuwascompared with mark
recapture abundance estimates in order to define detection rates of fish during snorkeling and the accuracy of
total snorkel counts. Although the number of data points used in the comparison is relatively small at this time
(n=19), initial results suggest that snorkel surveys are fairly precise and can detect relative change in density of
juvenile salmonids. However, observed snorkel survey estimates are not accurate, in that density of fish were
under-reported in every instate. There was a strong correlation between m@&apture estimated site
abundance and the total snorkel count (p<0.001) (Figure 7) and numbetGff mm FIO. mykisgp<0.001)
observed during snorkel survey$here was a noticeable decrease in obseisatate of >100 mm FIO. mykiss
(p=0.057YAppendix H)
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Figure7. Comparison of snorkel survey observation and nradapture densities (fish/A within 150 m
monitoring sites (n=19).
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2.2.4Conclusions

Snorkel surveysonducted in the Okanogan subbasin continued to show a distinct difference between densities
of O. mykissn the mainstem compared to the tributaries. In the mainstem Okanogiammerwater

temperatures commonly exceadn ¢ / Ay Y2 ald @& dylimi thesensonatdributidh of fiyedila |-
salmonids during that timeframedfer to Section3.2 Water Temperature). The apparent absence of juvenile
salmonidgn the mainstenduring the summer monthmay be attributed to mortalityavoidance behavig or

low observation rates during snorkel surveys

Results fromsnorkel surveydicate thatannualsite-basedobservedfish abundancevere highly variable
Additionally, it is unknown how observed numbers related to the total abundagigen varyig site conditions
With the addition of markecapture abundance estimatesijtial results suggest great improvements by the
means in which OBMEP monitored juvenile parameters. Additiars of data for Omak Creek amtther
tributaries to the OkanogaRiver can serve as an indicator for trends in juvenile abundance and emigration
from the Okanogan subbasin. Data collection methods conform to existing monitoring approaches within the
Okanogan and among other major monitoring prams in the Columbiai¥er Basirand provide precisioof
estimates as outlined by NOAA (Crawford and Rumsey 2011).

Spatial distribution of fish throughout the creek may vary by age and size class (Roper et)al.Fd%kample,
density of aged steelhead may be linked tspawning location of adulfsom the previous sprig. Distribution

of juvenile salmonids may also be linked to specific habitat variables, such as water velocity and substrate
(Bisson et al. 1988, Everest and Chapman 1972, Nielsen et al. 1994), logjbees/@Roni and Quinn 2001), and
overhead cover (Fausch 1993), among others. While the distribution of fish in relation to specific habitat
variables was not examined in this initial study period, it will be possible to explore this hypothesis in the futu
due to the fact that these abundance data were collected at existing habitat monitoring sites. Determining the
abundance of fish in respect to specific habitat characteristics may help to further describe variables favored in
this system and assist facusing habitat restoration efforts.

Representatively marking a known proportion of the population upstream of the PIT tag array maytleable
programto estimate emigration, even in the absence of an RST. This method can also be applied to small
watersheds where monitoring of juvenile production was previously infeasible. Dividing the creek into distinct
biologic reaches allowed for subsampling to occur at a finer scale Ablesied abundance of juvenile

steelhead were only expanded within similaabitat types. Annual outmigration estimates will be produced

with further years of data. Although the methods outlined in this report might not be applicable for larger
systems, the representative fish sampling approach was showrotade an estimatef juvenile seelhead in a
small watershed with a high degreemfecision

Lessons learned and recommendations for future monitoring of justedieadin the Okanogasublasin:

1. Continue implementingnarkrecapture population assessmerua tributaries to the Okanogan River
a. Methods align with recommendations from BPA and guidance from NOAA (Crawford and
Rumsey 2011).
b. Focus primary efforts on larger tributaries to the Okanogan River (e.g. Salmon, Omak Creeks),
although attempt to get abundance aricend data on all tributaries if time and funding allow.
c. Continue to link juvenile monitoring with habitat monitoring sitasattempts to correlate
juvenile abundance to habitat factars
2. Continuing markingaturally produceduvenilesteelheadwith PITtagsto addressknowledge gaps in
juvenile survival, outmigration, and smdti-adult return rates of naturally rearesteelheadin the
Okanogan subbasin
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3. Continue conducting snorkel surveys on the mainstem Okanogan and Similkameen Rivers.

a. Current juveni abundance electrofishing procedures cannot be conducted iratige |
mainstem habitatstherefore, continue conducting snorkel observatiommainstem reaches

b. Snorkel surveys are currently conducted at the sumbaeseflow period;however,this time
period overlaps with the warmest water conditions of the yedrichfrequentlyexceed24°C.

i. Consider conducting secondary subsehorkel survey the mainstenoutside the
highest temperature perioth attemptsto discernif juvenilesteelheadare truly alsent,
or if seekingefuge from high temperaturgprecludes observation.

4. Research is needdd assess eggo-fry survival in mainstem habitats.

a. Arelatively argeproportion ofadult steelheadspawn in the mainstem reaches of the Okanogan
subkasin (5580%o0n given years Howeversnorkelobservations of juvenileteelheadremain
highly infrequentin those habitatgrefer to AppendixP).

b. Itis currently unknown if juveniles aseiccumbing tdiigh river temperatures, or ielatively
few alevin are emergg from the gravels.

5. Examine predation of juvenileelheadby smallmouth bass and northern pike minnow.

a. The majority of fish species observed during mainstem snorkel surveys are smallmouth bass.

b. The extent of predatiomy native and nomative piscivoros fisheson juvenile salmonids the
Okanogan subbasis currently unknownbut may be significant

c. Refer to draft predation study.

i. http://www.colvilletribes.com/media/files/TechnicalSupporttoOBMEP
PredatorPreyMethodsfinaldraft091202.pdf

3.0 Habitat Status and Trend Monitoring

To monitor the currentstatus and possible trends iteglhead habitat capacity andentify limiting fectors, the
Okanagan Basin Monitoring and Evaluation Program developed the following measurement objectives:

1. Assess the quantity and quality of habitat availablsté®lheadand summer Chinoolsy monitoring
physical habitaparameters;

2. Assess the qualityf environmental factors impactingeelheadand summer Chinoofiroductivity
including water quality, temperature and discharge parameters; and

3. Assess the quality of biologlccommunity factors impactingeelheadand summer Chinook
productivity includingoenthic macroinvertebrates and nemative fish species.

To assess and report on the status and trend of these waahging parameters, OBMEP has worked towards
integrating longterm empirical datasets as inputs into tEeosystem Diagnosis and Treatm@DT) model
implementedby ICF International. The EDT model is used at a watershed or stream reach scale and can be used
to quantify the expected impacts of losigrm changes in habitat capacity and limiting factorssammer

steelhead productivity. EDdssesses multiple theoretical salmonid life history trajectories within a hierarchically
arranged, spatially explicit model, which can be used by natural resource managers to investigate constraints on
salmonid production.
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3.1 Physical Habitat Monitoring

3.1.1Introduction

h. a9habitatY2 y AG2NAY 3 LINRPIANI Y daceadSyYlraAaAortte O2ftfSOda
multiple habitat parameters at fixednd rotatingpanel survey locations distributed throughout the subbasin.

The monitoringdata are managed in a SQL Server database and undergo routine QA/QC review during collection
and database entry. This information is supplemented with data collected in the Rapid Assessment protocol

which targets specific data gaps identified as crific@ NJ OKIF NI OGSNAT Ay 3 (K Sy dAiNRy

With the combined inputs from th#ansectbasedhabitat monitoring sites and the Rapid Assessnietiitat
samplingprogram, the EDT model can generate theoretical salmonid productivity outputseudowhe

completeness of the inputs that feed the model is an ongoing process and will become more robust as
additonalRI G I NB O2ftf SOGSR® {LISOATAO AYTF2NXIGA2Y NBI dz
Wildlife Department, Anadromous FRi®ivision, 25B Mission Road, Omak, WA 98841, (5097 422

3.1.2Methods

OBMER Habitat Monitoring (ID:9)
https://www.monitoringmethods.org/Protocol/Details/9
OBMER; Rapid HabithAssessment (ID:8)
https://www.monitoringmethods.org/Protocol/Details/8

Two data collection methodologies have been utilized by OBMEP to obtain salmonid habitat mietitsect
baseddata are gathered at 50 habitat monitoring sites (25 Annual Panel sites, 25 Rotating Panel sites) for the
entire Okanogan subbasin, per year. In total, for a{gear iteration, 85 reaches contain habitat monitoring

sites in the U.S. portion of the Okagan subbasin, and in Canada, 40 reaches contain habitat monitoring sites.
For the remaining stream reaches accessible to anadromous salmon, populating the EDT model relies on data
collected through thésIS mappirdpasedRapid Assessment program. The BEidfel can integrate a wide

range of data types such that the aquatic habitat for salmonids may be depictedeneralized manner

(Lestelle et al. 2004T.he protocols developed for both data gathering methodologies are listed at the

Monitoring Methods inks above. Metrics and Indicators for habitat monitoring are listed in Appéndix

ICF International developed a series of procedures and equations for processing and transforming OBMEP data
on each habitat attribute into EDT inputs. Other methods dath sources, including federal and provincial
government flow and water quality data, G8sed analyses, report documentation, and besifessional

judgment, were used to develop some remaining attributes. Habitat monitoring site data are managed in a
Microsoft SQL Server databaséheredata are uploaded digitally and managed by CCT and Sitka Technology.

Rapid Assessment data are stored as GIS shapefiles and are managed on CCT and ONA servers. With regards tc
Quality Assurance and Quality Control (Q&), habitat monitoring site data are douktbecked for

completeness in the field and analyzed in the database by data managers. QA/QC protocols for Rapid
Assessment data are detailed in Monitoringmethods.org.

3.1.3.Results
In 2014, data wre colleded from alltransectbased habitatnonitoring sies and Rapid #sessment reachesA\n

example of maps and data produced fbe Okanogan mainstem and tributary reaches through the Rapid
Assessment programre alsopresented in Appendid The data colleted under both habitat monitoring
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methodologies are analyzed using the EDT moAeklyzed data are then complied into technical reports with
data collected through 2009 currently available for:

Summer Steelhead:
http://www.colvilletribes.com/media/files/2013SteelheadHabitatStatusandTrendReport_ElectronicOnly.pdf
Chinook Salmon:
http://www.colvilletribes.com/media/files/2013ChinookHabitatStatusandTrendReport_ElectronicOnly.pdf

(Note: Downloading may take several minutes due to lditgesize.)
In 2015, new reports using datollected through 2013 will be made available at the OBMEP web page.

The95¢ NBLIZ2ZNI OF NRad LINBaSyid WNBadzZ 6aQ 2F h. a9t KFoAdl
graphs and summariesd X NS L2 NII OF NRa RS a ONX onBfy telsanvivél fFactorslhi/iINGF 2 NJY |-
the greatest impact on population success at this intermediate scale and the priority reaches for habitat

protection and restoration within [specific habitat unitsThe reacHevel report cards characterize the

estimatedeffect of reachevel survival factorson lif@ (i I 3 S LINE €I 2018,pAA) &8 PP dE

Resultsfrom the EDT status and trends repeoadncerning teelhead habitain the Okanogan subbasare
summarizedn the excerpbelow:

GThe populatiodevel results for the U.S. and Canadian steelhead subpopulations indicate that both
halves of the subbasin have considerable habitat potential under 2009 conditions. However, these
results should be considered preliminary until anomalous results are investigatedata discrepancies

and information needs are addressed. Specific guidance in this regard is provided in the data quality
summary and summary of findings and recommendations provided in the following sections. A summary
of EDT results and comparisondbserved escapement and CCT recovery objectives is provided in Table
92[in CCT 2013]

The ED®Estimated equilibrium abundanéef the U.S. subpopulation is 662 adults, or approximately
26% of the template equilibrium abundance of 2,574. Tiyed& geonean (20052010) observedotal
escapement was 1,365, of which 132 were natarddin. The 2010 naturalrigin escapementvas 616
fish. The high level of hatchepytplantings confounds comparison of EBStimated and observed
abundance, as hatchewgrigin fish are capable of exploiting available habitat capacity during juvenile
rearing and migrant life stages that is more productive than the habitats available to natigi fish
during spawning, incubation, and early rearing.

One apparent finding ahe EDT analysis is that the U.S. mainstem diagnostic units account for the
majority of restoration opportunityn this portion of the subbasjrdriven primarily by the large size and
therefore high capacity of mainstem reaches. Restoration of all meimsiagnostic units teemplate
conditions would increase current steelhead abundance by 46.6%, with each contribuéirgtm9%
effect. This suggests that habitat restoration efforts should focus on the Okanogan River proper. In
reality, the opportuiities in the mainstem are limited by a variety of social and environmental factors to

"Equilibrium ab u redtimater theoreficdl populatioD Size that the quantity and quality of habitat
provided by the model habitat environme nt can support-=99 (CCT 2013, p. 1
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the extent that it is unlikely these reaches could be restored to an approximation of historical function.
This does not mean that restoration opportunities in the m&ns should be ignored, but that costs,
benefits, and expectations for success must be viewed realistically when decidirng hiacate
availableresources o6/ / ¢ -#A)nmoX LI p

3.1.4Conclusions

Key recommendations from the EDT status and trends rdpore been summarized for Okanogan (U.S.)
mainstem and tributary diagnostic units, which can be found in Table 96, in CCT 2013.

GThe 2009 habitat status and trend analysis provides a detailed assessment of steelhead habitat
potential in the Okanogan subhias characterizes the reliability of these results by diagnostic unit, and
identifies key information needs. Based on these findings, ICF has developed a list of recommendations
for prioritization of habitat protection and restoration, and for improvinBM@EP / EDT integration to
improve the reliability and utility of these model results in the 2013 habitat status and trends report.
These include general recommendations for addressing bsgatk information needs, and specific
recommendations for addresgy critical information needs and / or model configuration issues in high
priority diagnostic unitg. (CCT 2013, p-5)

Fish passage baers are a limiting factor fol®IKS RA/ (NGdid NSA R (KSIjl g 3K Iy 3y WZENy . MRK
Columbia, as ell as Washington StateRapid Assessment data identified previously unknown fish passage
barriers, validated locations of known passag@ediments and measured potential for passage for multiple
life stages of salmonidsThese data are important testoration practitioners to inform their action€nsuring
access to historic stream kilometers in tributaries to the Okanogan remains a signifidanfdéat¢he recovery
of summer gelhead.

The length of stream reaches has largely been calculaa®d)GIS map layers that often underestimate
sinuosity, andsubsequentlytotal reach length.Reach lengths are currently known to underrepresent the actual
amount of stream habitat available in the Okanogan River subbaid assessmerdurveysdocument the
actualthalwegstream reachthese valuesvill be used to update stream length calculation in future reporting
cycles.

Through the past nine years of habitat monitoring, it has become evident that monitoring at the subbasin level
may not be answeéng questions asked at the restoration practitioner scale or at a scale directly related to
biological responses of fish speciézr example, monitoring of fine sediments at sites randomly distributed in
0KS &dzoolaiAy YIe 0SS 2f{SSRRYSYGIGEN2 i KESY ONSIRAAZY F NI
odzi AG YlIe& y204 06S FotS G2 lyasgSNI ara aSRAYSydGlridAazy
LR GSYGALF €& AYIIbanswaryha latierqestianycollRcida f fine sedimdata should be

focused to specific locations, such as pool tail outs, where salmonids frequently spawn and eggs develop.

In the Okanogan River subbagime OBMEP reach scale habitat data collection and subsequent EDT analysis can
provide meaningful gdance for restoration practitionersi-or example, the EDT model identified that in

Salmon Creelunregulated spill after reservoir fill in the spring results in scouring of steelhead r@ddeduce

this, data are being collected to build a reservdirrhodel that can reducéf not eliminate unregulated

discharge after steelhead eggs have been laid in the gra@sier winter habitat has also been found to be

limiting dueto low stream flows in the winterimproving water management in Salmon Creekld benefit

both over winter survival while also reducing spring scour.
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3.2 Water Temperature Monitoring

3.2.1 Introduction

Watertemperature plays fundamental role in dictating the distribution and abundance of salmanitise

Columbia River Ban. Water emperature dataincluding datasets from the Okanogan subbaaie,frequently

used in large scale analysis or modsigch as NorWeSiq describe changes in temperature through time

describe water temperature in biologically relevantrtes, data must be compared with specispecific criteria.

When examining potential effects of water temperature on salmonids, it is useful to have a common measure.

One commonly used measure to examine effects of elevated water temperatures is the umaxigekly

maximum water temperature (MWMT), which is also referred to as the 7 day averdge ddily maximum
GSYLISNI §dzNBa o615!5a0® ¢CKAAd YSUNRO Aa FTNBIdSSyiate dz
stream, but is not overly influence@b G KS YIF EAYdzY GSYLISNI GdzNBE 2% || &Ay3t
outlines general temperature considerations for salmonids in the Pacific Northwest. These temperature ranges
can becompared to water temperature data collected in the Okanogan subbasétxeéams where juvenile

steelhead are known to exisiVhilethis report doesot contain a full discussion of temperature effects on
juvenilesalmonids pertinent literature reviews that focus on lethal and dethal effects of water temperature

on salmaids are discussed further Myrick and Cech 200LUSEPA 200and Carter 2005, among others.

While it may be possible for certain stocks to gain stteuel adaptations to variable conditions over time
(Myrick and Cech 2001), Carter (2005, citingRASEO01) suggested that:

Salmonid stocks do not tend to vary much in their life history thermal needs, regardless of their
geographic location. The USEPA (2001) in Swinmary of Technical Literature Examining the
Physiological Effects of Temperature®almonidsnakes the case that there is not enough significant
genetic variation among stocks or among species of salmonids to warrant geographically specific water
temperature standards.

Climate conditions vary substantially among regions of the Stadelze entire Pacific

b2NIKgSaidd X{dzOK w@F NEAYy3I Of AYI1A08 O2yRAUAZ2Y A
adaptations, resulting in development of subspecies differences in thermal tolerance.

X0l 26 SOSNEB GKS f AGSNI O daiEts hdicates dotSionklly) 1 NR | (G A 2
significant but very small differences among stocks and increasing differences among

subspecies, species, and families of fishes. Many differences that had been attributed in the

literature to stock differences are now cadsered to be statistical problems in analysis, fish

behavioral responses under test conditions, or allowing insufficient time for fish to shift

from field conditions to test conditions (Mathur and Silver 1980, Konecki et al. 1993, both

cited in USEPA 2001)

Additionally:
There are many possible explanations why salmonids have not made a significant
adaptation to high temperature in streams of the Pacific Northwest. Temperature tolerance
is probably controlled by multiple genes, and consequently would de characteristic of
the species not easily modified through evolutionary change without a radical shift in
associated physiological systems. Also, the majority of the life cycle of salmon and
steelhead is spent in the ocean rearing phase, where thaltsisubadults, and adults seek
waters with temperatures less than 59°F (15°C) (Welch et al. 1995, as cited in USEPA 2001).
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Due to a lack of specific data at this time to suggest @atykissn the Okanogan River have developed
adaptations to higher war temperatures, thevaluescited in Tablel were considereappropriate for this
preliminary analysis.

Table4. Summary of temperature considerations facubating anduvenile salmon and trout (adapted from
USEPA 2003Tablel, p.16).

Temperature Consideration  Temperature (unit) Reference
Incubation and Emergence
OptimalRange 6-10°C (constant) USEPA 2001c
Good survival 4 -12°C (constant) USEPA 2001c
Increasednortality >15°C Myrick and Cech 2001
Poor survival (< 7%) >16°C Velsen 1987
Rearing Preference 10-17°C (constant) USEPA 2001a
< 18°C (7DADM) Welsh et al. 2001

Optimal Growth
Unlimited food 13-20°C (constant) USEPA 2001c
Limited food 10-16°C (constant) USEPAR001c

Disease Risk

Minimized 12-13°C (constant) USEPA 2001b

Elevated 14-17°C (constant) USEPA 2001b

High > 18- 20°C (constant) USEPA 2001b
Lethal Temp

1 Week 23-26°C (constant) USEPA 2001c

In the Okaogan River subbasin, adult steelhead spawn fromM&ech through earlyMay, with peak spawning
occurring in midApril. After spawning occurs, steelhead eggs typically hatch between 50 and 30 days at
temperatures from 1015°C (Wydoski and Whitney 2003pyle 2002). Alevin may remain in the gravels for 2 to
3 weeks longer before emergence (Moyle 2002). Based on stiming data from the Okanogan subbasin over
the past 10 years (OBMEP 2015), steelhead eggs and alevin may be present in the graits¢hahrough
June. Juvenile steelhead parr rear in the subbasin from one to two years or more befanggoatting to the
ocean. Resident life histories ©f mykisgRainbow Trout) cahe found in the Okanogan River subbasin year
round.

Acute lethaleffects of temperature on steelhead egg survikale been published through a handful of studies
(Myrick and Cech 2001)n a literature review, Myrick and Cech (2001) note 15°C as a temperature for egg
incubation in which increased mortality has been rbte occur, althouglsuggesting thastrainlevel variation
may exist.Velsen (1987) compiled data on effects of temperature on incubation mortality andpmizd
survival (< 7%) abovks°C Additional suHethal effects due to elevated temperatures malgo occurput
resultsare notasthoroughly quantifiable.For juvenilerearing, 18°@nd belowrepresents a preferred rearing
temperature and above may represent a high risk for dise@ablé4). Although this temperature alone may
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not be deleteriousnoting thatincreased growthrates occur in this range (USEPA 2001c), it represents a

threshold where increased stressors and negative effects have been documented. Additionally, elevated stream
temperatures may compound intrand interspecific specieompetition for resources or rearing space (USEPA
2001a), particularly during summer low flows.

3.2.2 Methods

OBMER Water Quality Sampling (ID:5)
https://www.monitoringmethods.org/Potocol/Details/5
OBMER Habitat Monitoring (ID:9)
https://www.monitoringmethods.org/Protocol/Details/9

OBMEP collected hourly water temperature data in the Okanogan subfpasir20® through 2014in both the
mainstem and tributary reachedVater temperature was ctdcted at all annual and rotatingapeltributary

habitat sites using OnsétOBO@&emperature loggersAdditionally, eal time temperature data were collected

at three stes on the Okanogan River in the United States at Malott, Tonasket, and Oroville by the USGS with
funding from the Colville Tribe#AdditionalUSGSites are located on important tributaries to the Okanogan

River. Data have been assimilated into the lainees available on the USGS website, which provides access to the
public and other agencie. y G KS . NAGAAK [/ 2fdzYoAl LERNIA2Y 2F GKS
jFg 3] Ay 3y weBNY FAVESY glaalso conductedhrough Water Survey atanada (Environment

Canada 204). Web links for water temperature and discharge monitoring site data, within the Washington
portion of the Okanogan subbasin, are provided in AppeAdi¥Water temperature data are compiled on the
OBMEP server located dte Colville Tribes, Fish and Wildlife office in Omak, WAter temperature data

collected throughout the Okanogan subbasin were incorporated in the EDT model faetomgnalysis.

Additionally, in this report, ater temperature data were compared witeelheadspecifi¢ biologically relevant
temperature ranges. During egg incubation, 15°C has been noted as a temperature in which increased mortality
has been noted to occur (Myrick and Cech 20€grefore we assessed the risk to incubating steelhehdn
temperatures exceed 1& For juvenile rearing, an 18°C threshold was used, below which represents a
preferred rearing temperature and above may represent a high risk for diséésisl{ et al. 2001, USEPA

2001D.

3.2.3 Results
Steelheadncubatian

The water temperature at time of incubation is shown in Figdifer OmakCreek, one of the primary spawning
areas for steelheadFrom 6 years of water temperature data, the average exceedance of 15°C occurred in mid
June. The earliest th&emperature was exceeded and remained above was-ldt@y in 2009 and the latest
exceedance date was the end of June in 2013. From these redeliated water temperaturei tributaries to

the Okanogan Rivenay notconsiderably limit incubation survival duringanyyears; howevesome effects

may be occurring téater spawning individualsin one reach of the mainstem Okanogan River directly
downstreamof Zosel Dam, approximately 49% of thkanogarsteelhead population spavaannually (OBMEP
2015). As shown irFigure9, the 10year average temperaturim this reachexceeded 15°C in miday. The

earliest thatthe temperature wagxceeded wagarly-May in2005andthe latestexceedance datevasthe

beginning of June iB011. Although specific research has nadn comucted on eggo-fry survival for the
Okanogan subbasin for steelhedte temperature range presented by Myrick and Cech (2001) suggest that
elevated temperaturanay benegativelyaffecting steelhead at the incubiah and emergence life stagesthis

reach Research is currently being conducted in the mainstem Okanogan River, Similkameen River, and Omak

Okanogan BasiWonitoring and Evaluation Program, 2014 Annual Report 23


https://www.monitoringmethods.org/Protocol/Details/5
https://www.monitoringmethods.org/Protocol/Details/9

Creek to examine the interaction witurface andhyporheic temperaturesluring incubation and early life

stages.Results from the initial studyeriodshould be available in the following year.
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Figure8. Mean dhily water temperature for lower Omak Crefata from OBMEP habitat site Q19Myrick and
Cech (2001) define 15°C as a temperature in winicikeasednortality has been noted to occur during egg
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Figure9. Mean dhily water temperature of the Okanogan River belayg& Dam(USGS Station 12439500,
Okanogan River at Oroville, WAMyrick and Cech (2001) define 15°C as a temperature in witobased
mortality has been noted to occur during egg incubatitdarkers signify the approximate tinadter peak
spawn timinghat steelheadeggs or alevin may be in the gravel
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JuvenileSteelheadrearing

MWMT values were calculated for all streams in the US and Canada that had complete data sets for the months
of June, July, August, and Septembierom 2005 througt2013 the MWMT in the mainstem, most of the

tributaries in the US, and all of the tributaries in Canada exceeded thelii@&bold(Figurel0). However,

juvenile steelhead were consistently observed during snorkel surveys in all of the tributaries and very few or
none in the mainstem Okanogan River. Althoughrly similar dailynaximum values were being reached in the
tributaries, the minimundaily values were also much lower (Figdr®, andit is possiblethat these cooler

nighttime temperatures may be buffeng fish fromfurther negativeeffects. Based on loAgrm monitoring

data and known limitations of colater salmonid species (reviews by Currie et al. 1998 and Beitinger et al.
2000), water temperatureepresentsa limiting factor forrearingsteelheadparrin the Okanogan River.

~ MWMT by site, Okanogan Basig0052013
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Figure10. Maximum weekly maximum water temperatge the Okanogan subbasin from 202613. Shaded
arearepresentshe 18°Cexceedance (EPA 2003).
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Figurell Daily emperature fluctuations of theolwer Okanogan and Omak Creek duringhitl. Temperature
thresholds(horizontal linespare described in Tabld; > 18°C represents above preference and elevated disease
risk (USEPA 2001a,b); > 23°C represents lethalektemperatures(USEPA 2001c)

OverWinter Juvenile Steelhedsurvival

The effects of low water temperatum@n over-winter survival have not beethoroughlyexaminedspecifically to
the Okanogan subbasirHoweverfield studies are currently under way udih may providenformationto
address thisubjectin future years.

Adult SteelheadMigration (insubbasin review)

Adult summer steelhead migrate from the ocean upstream through the mainstem Columbia Riveshytnm
primarily from July through Se@inber. After passing over Wells Dam, adults tend to hold in the Wells Pool until
summerwater temperatures drop in the Okanogan River. In a literature review, WDOE (2002) suggested that at
temperatures of 2124°C, steelhead exhibit avoidance behavior aray represent migration blockage. Likely

due to elevated temperatures in the Okanogan during the tmmer, many adults that paggells Dam wait

to enter the Okanogan River until the fall. Additionadlyportion of the ruralsoappears tchold in theWells

Pool until March, before entering the subbasin to spawn from March through May. The USEPA (2003)
recommends that the 7DADM should not exceed 13°C for spawning. From October through early May, the
timeframe when adult steelhead are holding, stagiagd spawning, elevated water temperatures do not

appear to significantly limit distributigrother than a potential migration blockage early fall

Other Salmonid Species

While not comprehensively discussed in theport, elevated water temperatugs also have effectsn behavior
and survivabf other species afalmonidsn the Okanogan subbasinA more in depth review can be fouird

26
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the accompanyingitationsfor returningadult Sockeye (Fryer et al. 201 juvenilerearingSockeye in th&8ritish
ColumbiaOkanagan lakes (Fryer et al. 2Dlandadult Chinook SalmorGCT, unpublished dgtaTemperature
monitoring sites fundedby or data directly collected through OBMEP provide data for these and other ongoing
studiesin the subbasin

3.2.4 Coulusions

Water temperature in the OkanogdRiverand tributaries remains an important variabldedting spatiabnd
temporaldistribution, growth rate, abundance, and survival of juvenile salmonilfsbioenergetics models,
temperature directly affecty S 6 2f AO NBalLlRyasSa o0& RSIUSNNYAYAYy3I sKI G
is available to either support basal and active metabolism or contribute to somatic growth, reproduction, or
high-energy lipid storage (Beauchamp et al. 2007). Although teatpes tolerances in laboratory studies

depend on initial acclimation temperatures, pe@viewed literature suggests the preferred temperature of

rearing juveniled. mykisss approximately 18°C, incipient upper lethal temperature (IULT) is approximdtaly 2

and critical thermal maximum (CTMax) temperature is approximately 28°C (Wagner et al. 1997, Myrick and Cech
2000, Galbreath et al. 2004, and reviews in Currie et al. 1998, Beitinger et al. 2000, and Spina 2007). Results
from the Okanogan showed thatgh summer temperatures in the mainstem, and to a lesser extent in some
tributaries, could be adversely affecting salmonids directly, or indirectly causing behavior modifications and
altering spatial distribution.

Many laboratory and field studies hageantified the acute and chronic effects of temperature on salmonids
(reviews by Currie et al. 1998 and Beitingeretal. 2000k Sy G SYLISNJ (dzNB&a SEOSSR &l f
tolerance, acute effects such as migration blockages, avoidance behavior tbmoaaoccur. The EPA uses the
maximum weekly maximum temperature (MWMT, the higheslay average of maximum daily temperature in

a given year) to protect against acute effects because MWMT is not overly influenced by a single daily

maximum, but it stildescribes maximum temperatures in a stream over a weal period UEPA2003).

Salmonids may tolerate temperatures highkan their optimal range, but sublethal effects may occur such as
impacts to growth, increased incidence of disease, increaskfipredation, and potential delay of

smoltification. Therefore, the EPA recommends a MWMT of 18°C that protect fish from both acute and

sublethal effects, especially for populations that are endangered or threatened.

Although high maximurtemperature values were being reached in the tributaries, the minimdaily values

were much lowerand it is possibléhat these drops back to cooler temperatures may be buffering fish from
further effects. According to Bjornn and Reiser (1991), the effects a¢lgoor chronically lethal and stibthal
temperatures depend on acclimation temperature, duration of temperature increase, daily fluctuations, and
ecological adaptations. When daily maximum temperatures approach lethal values in small streams but only fo
short durations, salmonids can still thrive if temperatures decline back to optangks (Bjornn and Reiser

1991). Shnonids caralsorespond to high temperatures by moving upstream or downstréitabbott 1982)

or seeking cold water refugia (reviewwsUSEPA 2001apaily behavioral movements and use of thermal refugia
are not well understood and have not bespecifically studied in the Okanogan subbasin to date.

As shown inthe 10yearsnorkel surveylatasets(AppendixG), juvenile salmonids areoasistently observed in

greater numbers in small tributariethan in the mainstem Okanogan River, where theyiafieequently

observed. Thermal tolerances for juvenile salmonids sugbest should be few or no juvenile salmonids in

the mainstem during igh summer temperatures. However, concern exists over this apparent absence because
approximately 50% ateelhead spawning occurs in the mainstem on a given f@BMEP 2015)It is unknown

if high summemater temperatures cause direct mortality to jewiles, alteration in behavior to avoid high
temperatures, or if both are occurring, and to what degree. Juveniles may seek refuge in interstitial spaces
between the gravels anshorkelingmay not be as efficient for observing juveniles in the mainst&fonitoring
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temperature in the mainstem Okanog&iverand its tributaries will continue to play an important role in
understanding life histories afeelhead in the Okanogan subbasin.

3.3 Water Quantity/Discharge Monitoring

3.3.1 Introduction

The quatity of water available istreamsplays a fundamental role in regulating the abundance and distribution
of salmonid speciggparticularly in semarid regions of the Columbia Basifhe effect®f extremelylow

discharge ratesan be profoundn the sunmer low flow period whichcancontribute to increased competition

for food resources, rearing spa@nd can contribute to elevated water temperatureShe Okanogan subbasin
consistof two large mainstem rives, theOkanogan an&imilkameen, whichombned havea substantial
catchment arearoughly 21,000 kify more than twice the size of the Methow, Entiat, and Wenatchee subbasins
combined (NPCC 2004, Morrison and Smith 2007}he areas accessible to anadromous salmonids, additional
habitat isfoundin relatively small tributaries, which in general, have a flashy runoff period, followed by very low
base flow periods throughout the rest of the year. Many small tributaries flow subsurface in the lower reaches
in midsummer,which may result in disconegégon ofstreams from the mainstem river. Primary causes may be
attributed to the semiarid climate of the Okanogan subbagiminimal catchment area for some small

watersheds, anavater diversiorwithdrawalsfor irrigation usage

3.3.2 Methods

OBMER Water Quality SamplinfiD:5)
https://www.monitoringmethods.org/Protocol/Details/5
OBMER Habitat Monitoring (ID:9)
https://www.monitoringmethods.org/Protocol/Details/9

Discharge data were collected on the mainstenthy USG&nd Candian governmental organizationddany

of these monitoring sitesvere operated with fundingrom OBMERthrough the Fish and Wildlifedgram
Tributarydischarge monitoringn the U.Swas done cooperatively with the USGS and OBMEP employees and
tributary discharge data were collected on Cdiaa tributaries through OBMEMischarge data collection
included field work (measuring the leeity and volume of water passing a spot at a given time), automated data
loggers (electronics located at the stream gage thitet upload to the internet), and data analysis (creating
stream discharge rating curves and quality contr&age height dat and discharge curvegereincorporated

into the EDT model testimatesuitability, carrying capacity, and fish abundance in the Okanogan subbasin.
These results may also be verified and compared to field data collected through snorkeling and elegjrofish
Further discussion on the EDT model can be found in section 3.1.3. (Habitat Status and Trend Monitoring
Results), which contain links to Ei28ults for each subwatershed and discapscific instances where water
guantity may be limiting and at wHidife stage.

A list of discharge monitoring sites in the Okanogan subbasin is available in Apfendix

3.3.3 Results

Discharge in the Canadian Okanagan mainstem is influenced by the Okanagan Basin Lake Regulation System, a
series of dams located ohe river. Discharge in the U.S. Okanogan mainstem are highly influenced by the

Similkameen River, an unregulated, snowrdett river, which contributeapproximatelythree quarters of the
flow to the USortion of the Okanogan River, aedplains the dirent discharge trends in the US Okanogan
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mainstem (Figurd?) compared to the Canadian Okanagan mainstem (FitR)reln the Canadian portion of
the Okanagan subbasin, results also slp@niods of time in late summer whenore water is removed from the
river than contributed Figurel4).

Tributaries have seasonally flashy hydrographs, showing large spikes during freshet followed quickly by a drop
back down to basflows. Results from EDT modeling suggest that quantity of water in many of the triesitari

to the Okanogan Rivavere found to bdimiting. Whileeachuniquesubwatershed is notndividuallydiscussed

in this document, further information can be found in the liokthe EDT reporbelow, which contain data

through 2009 Since 2009, signifant improvements in connectivity of streams have been made. In future

years, these are expected to be evident in the EDT resultich will compare data from 20e809 to data

from 20102013; a final report will be available in 2015

Summer Steelhead:
http://www.colvilletribes.com/media/files/2013SteelheadHabitatStatusandTrendReport_ElectronicOnly.pdf
Chinook Salmon:
http://www.colvilletribes.com/media/files/2013ChinookHabitatStatusandTrendReport_ElectronicOnly.pdf

3.3.4 Conclusions

The quantity of water available in tleemiarid Okanogan River system plays a fundamental role in regulating
the abundance and distribution of salmonid species, particularly in small tributaries. Effects of extremely low
discharge rates are compounded by warm water temperatures during themurbase flow period, which
contribute to increased competition for food resources and rearing space. Results of streaaneflawther
discussed in the EDT reports, where specific instances that water quantity may be limiting by life stage are
clearly afined.

Although additional analyses have not specifically quantified effects outside of the EDT model, quantity of water
in tributaries to the Okanogan River has been observed to have effects on various life stages of steelhead. For
adult steelhead ngjrating into tributaries to spawn in the spring, low discharge rates have been noted to restrict
access until discharge rates rise (OBMEP 2015). This is particularly evident in streams with large, wide alluvial
fans at the confluence with the Okanogand®jymost notably Antoine and Bonaparte creeks. Once spring flows
increase water depth in thereek, or the mainstem Okanogan River rises to a level to submerge the broad
alluvial fans, adult steelhead can enter those systems. For the juvenile life disgjgrge rates at the base

flow period in tributaries have an inverse correlation with juvenile parr densities. For example, Bonaparte Creek
has one of the highest densities of steelhead parr on an annual basis (Appendix G), redutarigthe

densties observed in lower Omak Creek. However, much of this cause may be influenced by very narrow
wetted widths, rather than exceptional productivity of the system. Although much progress has been made
over the past 10 years, habitat projects focusinggoantity of water in streams will continue to be an

important focus, particularly during the summer base flow period and maintaining connectivity of tributaries

with the mainstem Okanogan River. Projects should focus on tributaries that have a sulfficiegical

capacity to support juvenile rearing, including Loup Loup, Salmon, Omak, and Antoine Creeks in Washington
State (refer to Section 2.2 Juvenile Salmonid Monitoring).
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Figurel2. Average monthly discharge of the Oka@anm River at Tonasket, WBRGS Station 12445000,
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Figureld. 2014 water year discharge measurements at four discharge gauge sites on the Okanagan River in
British Columbialegend arranged from upstream to downstream sitd$e discharge between tliashed lines
representsa period when more water is removed from the system than is contributed

3.4 Water Quality Monitoring
3.4.1 Introduction

Salmonid health, performance, and survival are dependent on a number of environmental faditien waer

guality parameters such as dissolved oxygen, pH, nutrients, or total dissolved gases are at suboptimal levels,
salmonids can experience adverse effects such as increased susceptibility to disease, reduced growth, increased
competition, and potentially éath. Dissolved oxygen is one of the most important water quality paranseter
controlling fish health (Noga 2011) and can impact development and survival at various life stages from the egg
to fry stage (Geist et al. 20Q&Yhich can impacgrowth (Brett and Blackburn 1981, Herrmann et al. 1962y

swimming behavior of juveniles and adults (Davis et al 1963).
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3.4.2 Methods

OBMER Water Quality Sampling (ID:5)
https://www.monitoringmethods.org/Protocol/Details/5
OBMER; Rapid Habitat Assessment (ID:8)
https://www.monitoringmethods.org/Protocol/Details/8

In 2014, water chemistry parameters were collected by OBMERigfr the protocols listed abowend
incorporated into the EDT modelThe EDT inputs require a number of water chemistry attributes that were
previously not collected at habitat monitorirgites (Tablé) and, consequently, methods were developed to
colled those attributes as part of the Rapid Assessntattitat samplingorogram. Water chemistry testing was
alsoconducted monthly from 2010 through 2012 at 18 sites inth€.Okanogan River, Similkameen River, and
major tributaries in the subbasjto obtain baseline readings

l'da Ayllzia G2 G4KS 95¢ Y2RStfX | ydzYoSNI 2F o6 GSN ljdzl £ A
previous yearsising field sampling designs that were not suitable either in terms of seasonal timing or collection
methods. In the Canadian portion of the Okanagan, pilot studies were developed for two parameters (dissolved
oxygen and turbidity) to assess different sample design optiowksuitability of results.Dissolved oxygen (DO)

was collected at two sites (OBMER51 and OBMEP35) using two Onset HOBO® IPA. DO loggers

recording at hourly intervals over summer monthisogger results were then compared to results taken from

the HANNA HI 9828 Multiparameter taken during the day once a week during the same (sariar to

LINS @A 2 dz&a @& S TuNalify was Safiektedritilf sites on six tributadesing spring freshet using two
collection methods.Grab samples were collected and sent to a lab (Maxxam) to assess levels of Total
Suspended Solids (TSS)hat same time, turbidity wasollected using a LaMotte 2020rbidity meter to collect
turbidity in terms of Nephelometric Turbidity Units (NTWpvels of TSS are required as inputs into the EDT
model and the relationship between NTU and TSS variesdastwatersheds Turbidity meters and NTUs are
generally used due to their ease of use and relatively low cost.

3.4.3 Resultsind Conclusions

Water quality data were incorporated in the EDT model, and thus, specific results and a comprehensive review
will not be presented in this document. Results from DO and turbidity pilot studiggesented in Appendix K.

To date, nost collectedwater quality readingdave beerwithin the surface water quality standards set by the
Washington State Department o€&ogy. The only values that might pose a concern during certain times of the
year were nitratesyhich arenot thoroughly monitored currently. his finding was not surprising given the

amount of agriculture, orchards, and livestock in the subbasinr-fegewed literature suggests nitrate levels

as low as 2.3.6 mg/l:-N may induce mortality of Chinook salmon and Rainbow Trout in the egg and fry life

stages (Kincheloe et al. 1979). Additionally -sibal effects may include decreased ability of tHedal to carry

oxygen (anemia), which results in decreased fitness and health. The EDT analysis will include water quality data
and assess impacts of the various water quality parameters to Chinook salmetealmtad at various life

stages.
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Tabk 5. List of water quality, temperaturend discharge attributes used to populate tBeosystem Diagnosis

and Treatmen{ED7) modelandassociatedneasurement statusbtained throughOBMEP.

Water Quality (Chemistry) Attribute

Habtat Monitoring Sites

Rapid Assessment

Alkalinity

Not measured

Measured

(]

g Dissolved Oxygen Measured Not measured

£ Metals (in water column) Not measured Not measured

< Metals/pollutants (in sediments/soils) Not measured Not measured

'5 Toxic pllutants (in water column) Not measured Not measured

W Nutrient enrichment Not measured Not measured
Water Temperature Attributes

@ Measured at habitat

2 Daily maximum and minimum monitoring sites and Not measured

E discharge sites

<

|_

a Spatialvariation Not measured Not measured
Water Discharge Attributes

© Measured at established

= ) .

2 Flow characteristics and hydrologic regime hg:;fgtar;gc?niﬁfgzgggta? d Not measured

|<f not on all tributaries)

a Water withdrawals Noted Measured

3.5 Biological Community Monitoring

Two attributes that are associated with the biological community and measured through OBMEP are 1) benthic
macroinvertebrate diversity and 2) introduced fish species abundalmc204, benthic macroinvertebrate
assemblages werenllected and assessed at afiraaland rotating @nel habitat monitoring sites that were not

dry. The kenthic macroinvertebrateollection methods are listed on monitoringmethods.org at
https://www.monitoringmethods.org/CustomizedMethod/Details/1151 Zurrently, 204 samples are sitill

being processed in the lab; however, 3data have been processed summary of 208 Ephemeroptera
Pecopteraand Trichoptera EPT}axarichnesscompared to fish species composition, hahitatiman influence,

and water quality attributes is showor Canadian sitei Figure 15 Results from macroinvertebrate sampling
show that EPT taxa richness waséo in stream reaches with elevated summer water temperatures. -Non

native fish species are also more prevalent in streams with lower EPT taxa richness and higher average summer
water temperatures.

Introduced fish species abundance was observed thiargprkel surveyand electrofishingn 2014. The
snorkel sampling methods used are listed abovgeiction 2.2.2. Whileesults are not listed in this report,

ALISOATAO AYTF2NNIGA2Y NBljdzSada Oy 0SS RéntNAeadioBeus (2 (K
Fish Division, 25B Mission Road, Omak, WA 98841, (5094222
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Lessons learned and recommendations for future monitoring of habitat in the Okanogan subbasin:

1. Examine comparability of two current methods of collecting habitat datangeeat based and larger
scale rapid assessment methods).
a. Conduct both methods in a subset of reaches, compare results.
b. Examine precision, accuracy, and biases of empirical habitat data.
2. Conduct a focused study on fine sediments in the Okanagdreffectson life stages ofteelhead.
a. Determine % fines in key spawning reaches using McNeil core samples or other quantifiable
methods.
b. Document to what degree high % fines in the Okanogan River are limiting factors to mainstem
steelhead juvenile production.
3. Colbkborate with Intensively Monitored Watershed (IMW) studies to determine if the data from Rapid
Habitat Assessments (also known as fluvial audits) and OBMEP Rapid Assessment data are compatible.
a. Aligning protocols with other monitoring programs conductiRapid Assessments may enable
the methods to be more widely used across the Columbia Basin.
4. ldentify sources of cold water refugia in mainstem reaches of the Okanogan River.
a. Itis unknown to what extent cold water refagare utilized by juvenile or adusalmonids during
the summer months.
b. Does the presence of refugia affect survival?
c. Monitor sources and temperature differential of hyporheic flows and identify utilization by
salmonids.
5. ldentify other analytical tools to assess benthic macroinvertebraternanities and stream health to
compare to EDT outputs.
a. Currently, benthic macroinvertebrate collection is limited to transeased habitat sites. There
may be a need to expand benthic macroinvertebrate collection to reaches outside of habitat
panel sitego include rapid assessment reaches.

4.0 Coordination and Data Management (RM&E)

OBMERsupporied the BPAFish and Wildlife Program data management stratég@Wodk with regional

federal, state and tribal agencies, and rgovernmental entities to eablish a coordinated, standardized, web
based distributed information network and a regional information management strategy for water, fish, and
habitat data. Establish necessary administrative agreements to collaboratively implement and maintain the
new2 NJ YR AGNF GS3e o

BPA Fish and Wildliferogrammanagemenguestion:
How has your work supported exchange and dissemination of fish and wildlife data or the development of a

database to manage data that mbg shared regionally, relative to the RM&Bta management strategies
roadmap?

® Coordination and Data Management RM&E - http://www.cbfish.org/ProgramStrateqy.mvc/Summary/8
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Identification of Management Questions and Strategies
Documentation of Protocols

Data Collection and Generation

Data Entry

Agency Data Storage

Regional Sharing

Reporting

NoohswdhpE

OBMEP also supported the two following coordioatand data management RPAS:

RPA 71.4 http://www.cbfish.org/BiologicalOpinionSubAction.mvc/Summary/71/4
How has your project worked with regional monitoring agenciesdaokt and report on the status of regional
fish improvement and fish monitoring projects?

RPA 72.1 http://www.cbfish.org/BiologicalOpinionSubAction.mvc/Summary/72/1
How didyour project contribute to the coordination and standardization of information to support the
RM&E program and related performance assessments?

According to the Framework for the Fish and Wildlife Program Data Management (BPA 20t @udlance

for Monitoring Recovery of Pacific Northwest Salmon & Steelhead listed under the Federal Endangered Species
Act(Crawford and Rumse3011), there is a need for readily available data to support fisheries management
processes and entities such as the Fish andIiéi Program, thd-ederal Columbia River Power System (FCRPS)
Biological OpinionBiOPE | Y R byéat revewiof BSAA A G SR A LISOASA (G2 RSGSNIWAYS
strategy for achieving this goal is to develop compatible networks of dateagement systems that have

standardized documentation and data exchange formats. As #WBfélad project, OBMEP has been keeping

pace with these goals by utilizing tools suctwasv.monitoringmethods.orgo document and standardize

protocols, developing electronic methods for data collection, review, transfer, and storageta stewardwvas

hiredi 2 AYyGdS3aINIGS O02YY2y RIGlF StSYSyidia RS@GSt2LISR Ay (f
database.The program haslsosubmitteddata types such as fish passage, redd surveys, and snorkel surveys to
approved data repositories such Bata Access in Real Tinl®AR7, Passive Integrated Transponder (PIT) Tag
Information SystemRTAGIS and Streamnet. Fafly, dissemination obther specifidata (GIS layers, EDT
reachessteelheadredd GPS coordinates, and water temperature at PIT tag amags)ade availablen the
OBMERvebsite at

http://www.colvilletribes.com/obmep_project data.php

OBMEP has made significant gains in coordinating, standardizing, and disseminating data which support the
RM&E program. When OBMEP began in 2004, data were collected almost entirely on paper data shee

entered into Microsoft (MS) Excel and stored on local computers. At the end of 2006, OBMEP was using a MS
Access database to archive and run basic queries on the data. Some data were collected on Trimble handheld
GPS units or handritten data forms ad entered in to the database through custom entry forms or by

appending MS Excel tables to the database tables. However, data flow was not automated and contained many
opportunities for translation errors to occur. Towards the end of 2@WBMEMegan mplementing a

comprehensive data management system (DMS) to automate data flows and improve efficiencies, and enable a
web-based distributed information system. The DMS includes software forasebssible data storage (MS SQL
Server 2008) and custom terapes and interfaces (MS ASP.NET) for data collection, QA/QC of the data, and
analysis and reporting.
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In 2014, OBMEP continued to useustom habitat data collection templatastalledon Trimble Yuma

ruggedized tablet computers. Data were enteredhia template as they were being collected in the field, and

iKS RFGF ¢SNB (KSy ad8yOKNRBYyAI SR ¢gAGK GKS RIGlIolasS ¢
the database, data were QA/@by biologists in a custom desktop interface applicationctvidisplayed the

habitat data in tabular format, similar to a MS Excel spreadsheet. Within the desktop interface, there are

multiple options for sorting and querying the data, with an option to export data into other formats such as MS
Excel or Adobe PDHR his interface was intended to be further developed into a+aetessible interface

available to outside agencies, who may wish to query and obtain portions of OBMEP data.

In working with regional monitoring agencies to track and report the statusgibnal fish monitoring projects,

OBMEP submittedata such as adutteelheadfish passage, redd survey escapement estimates, and snorkel

survey juvenile abundance estimates to regional data forums including DART, PTAGIS, and Streamnet.
Additionally, BMEP has been involved since 2010 in the Coordinated Assessment process, whose goal is to
involve agencies and Tribes who collect saimonsaelheaddata in the management and use of their data

when used in highelevel, population assessments and redioh NB L2 NI Ay 3 SFF2NIa oO6A dSd
t 21Lddzf F GA2Y {dzYYFNE |yR .t! Q& .Abhy) hwyydzEthgsade aINBRKSE
able to share the indicator of natural origin spawner abundance (NOSA) with Streamaieng the CCT the

first Tribe or agency to do sC®OBMEP also stdmntracted with Sitka Technology to continue assisting with tasks
related to the Coordinated Assessment praeesid share relevant indicatordevelop electronic methods for

data collection, review, transfer, areforage. OBMEP will continue to fully participate in the Coordinated
Assessments project as other types of data undergo compilation, transformation, and excihéagggers

should continue to support the development of whole data systems which includly stesign development,

data collection, QA/QC of the data, storage of raw data, and automating standard calculations.

OBMEP staff have frequenthgeninvolved in local and regional meetings, conferences, and workshops. Data
collected by the prograrhave been commonly requested to be presented at these events, which are used for
both informative and management decisions. Some of the forums in which OBMEP staff contributed t in 201
included:

Columbia Cascade Regional Fisheries Enhancement Group

Upper Columbia Regional Technical Team

Canadian Okanagan Basin Technical Working Group (COBTWG)
Bilateral Okanagan Basin Technical Working Group (BOBTWG)
Okanogan Irrigation District board meetings

Regional Fisheries Enhancement Group Advisory Board alidic®o
PNAMP Habitat Metric meetings

American Fisheries Society, VBE

Presentations to NPCC related to habitat status and trend reporting tool
Lake Osoyoos Board of Control Fisheries Advisory meeting

PNAMP Steering Committee

Okanogan River Watershedtfon Team meetings

PNAMP Data Management Leadership Team

Action Agencies Expert Panel

Regional Coordinated Assessment Project

Collaboration with WDFW on Okanogan PIT tag interrogation system
Upper Columbia Science Conference

PITAGIS Remote Array Subconteeit

USGS Stream Gagimgd GRSAT software training

=8 =4 =8 =8 -8 -8 -f s e e
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I American Water Resources Association, Annual Water Resources Conference
1 Presentations to local clubs, groups, and organizations

OBMEP has learned some valuable lessons in electronic data collectionhtest should consider, before

investing significant time and effort in developing customized solutions to meet their néeidsexample, if a
particular device (i.e. and Apple iPad) is being considered, it is important to consider if it will be usketto co

only one kind of data, or if multiple types of data will be collected and if the device is compatible with currently
owned solutions or equipmenti-or example, OBMEP collects a variety of data for various program goals (i.e.
habitat data via a custa template, temperature logger downloads with Onset Hoboware Pro, PIT tag array
diagnostics through Campbell Scientific Loggernet Remote, Vemco VUE software for acoustic tags, PTAGIS P3
software for remote electrofishing and PIT tagging studiésheneft was found in using Trimble Yuma tablets

with Windows 7 software, because many OBMEP projects usefdabt-box software designed only for

Windows platforms.Furthermore, integration of currentlg 6 Y SR ¢ NA Yo f S D ScéntiteteDt { Qa 6
accuracypr DestronFearing PIT tag readers, was possible with the Yuma, which has Bluetooth, USB, and COM
ports to accommodate peripheral device®ther programs should weigh the cost/benefit of purchasing a less
expensive device and then paying for customizdtissre versus purchasing a more expensive device that can

run existing software and can meet multiple program needs.

By inputting some data types in DART, PTAGIS, Streamnet, and other regional forums, we have learned that it is
easier to share data whemé end format is defined and there are data validations built in to the data collection
event. For example, collecting PIT tag data destined for the PTAGIS database is very straightforward if the data
are collected in the P3 software, which already camgadata validation and a means to synchronize the data

with the central database. As methods become more standardizbtbiitoring Methods perhaps it may be
costefficient to develop data forms for the most utilized methodsusers can collect theirada in a

standardized format. In the absence of standardized data forms, tools such as the Coordinated Assessment Data
Exchange Standard are going to be integral in standardizingwstiécsafter they are collected, so various

datasets across the regi@an be integrated and rolled up to calculate higher level indicators for a given

population.

5.0 Synthesis of Findings: Discussion/ Conclusions

Status and trend wnitoringin the Okanogan subbasimas conducted to support the Bonneville Power
Administiation (BPA) Fish and Wildlife management-strategies. Thesestrateges help provide answers to
key Fish and WildéfProgram management questignshich ardisted below along with a summary of
indicators and findings from monitoring activities ovbeetpast 10 years.

1. What are the status and trend of abundance of natural and hatchery origin fish populations?

1 The 108year mean (2002014) for total summer steelhead in the Okanogan subbasin was estimated at
1,818 and ranged fror@99to 3,496

1 The 10year mean (200822014) for natural origin summer steelhead was estimated at 309 and ranged
from 146 to 728.

1 The NOAA recovery goal of 1,000 natural origin spawners for the subbasin was not reached over the
past 10 years.

1 From 2005 to 2014, thizend innumber of natural origin spawners increased at an average rate of 33
fish per year.

1 The trend in hatchery origin spawners increased from 28010, but declined from 2012014.
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1 The proportion of natural origin spawners (pNOS) averaged 0.15 from 2005 th2@1@, but increased
to 0.38 in 2014.

2. What are the status and trend of juvenile abundance and productivity of fish populations?

1 In Washington State, from 2004 to 201He trend intotal abundance of juvenil®. mykisat annual
monitoring sites incresed in tributaries (Loup Loup Creek, Omak Creek, and Salmon Creek, with a slight
upward trend in Bonaparte Creek ), but remained near or at zero for nearly all mainstem Okanogan
River survey sites.

9 In British Columbia, from 2005 to 201#4e trend intotal abundance of juvenil®. mykisat annual
tributary monitoring sites increased in Shingle Creek, had a slight upward trend in Inkaneep Creek,
Shuttleworth Creek, and Vaseux Creek, remained level in McLean Creek, and decreased slightly in Ellis
Creek. Abndance at annual survey sites in the British Columbia mainstem Okanagan River remained
low, averaging only 3.6 fish/ha, which was higher than in the Washington State portion©k#m®gan
River

1 The Okanogan Basin Monitoring and Evaluation Program ageatotary screw trap from 2004
through 2011 on the mainstem Okanogan River to monitor outmigration of juvenile salmonids, but very
few captures of naturally produced steelhead yielded highly variable and unreliable estimates for that
species.Due to ths, outmigration (fiskout) monitoringwaschallenging

1 A rew longterm monitoring research projedieganin 2014 in the Washington State portion of the
subbasin designed to address abundance, distribution, and productivity of stegihetlided in Sectin
2.2.3) In future yearsthis project may also be expanded to the British Columbia portion of the
subbasin. Preliminary analyses of the data appear to be promising and final results will be made
available in future reports.

3. What are the status andénd of spatial distribution of fish populations?
a.Adult Steelhead

1 Summer steelhead spawnigcursthroughout the mainstem Okanogan River, although narrowly
focused to distinct areas that contained suitable spawning substrates and water velocities.

1 The proportion of steelhead spawning in tributaries appe@ito be regulated in parby stream
dischargewhichwasinfluenced byspring time precipitation in small creekaning of runoff in relation
to run timing of steelheadsurface water diversionaind correspondingchanges irflows.

1 ThelO-year averageroportion of natural origin spawnemsaslower for the mainstem Okanogan River
(0.10)compared with tributarieg0.23)in the Washington State portion of the subbasin

1 A-relatively small proportio of the total adult steelhead pass into British Columbia, avapg?o for
2013 and 2014; ¢wever, average pNOS was much higher in British Columbia (0.75) compared with
Washington State (0.24juring that timeframe

b. Juvenile Steelhead

1 Snorkel surveysonducted during summer bagw periods show considerably higher densities of
juvenileO. mykiss$n tributaries compared with the mainstem Okanogan River. This finding remained
constant over 10 years of data collection.

1 Preliminary PIT tag data suggésat juvenileO. mykissnay utilize the mainstem in the fall, winter, and
spring seasonsalthough hese findings are not quantifiable at this time.

1 In all tributary stream reaches available to anadromous fish, three streamtsined 90.7% of the
juvenile O. mykissn the Washington State portion of the subbagir2014(Loup LouCreek (15.5%)
SalmonCreek (53.3%pndlower Omak Creek21.9%). The six remaining streams sampledntaineda
combined9.3%.
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4. What are the status and trend of diversaf/natural and hatchery origin fish populations?

9 For adult steelhead during the sprirmpmbinedPIT tag datdrom 20112014suggest that the date
when 50% of the run passed into British Columbia occurred three weeks earlier for natural origin
steelhead wien compared with hatchery steelhead (interrogation site OKC).

1 PIT tag detections suggest thatudt steelhead enter Omak Creek two to three weeks earlier in the
spring, compared with all other tributaries.

1 Investigations through markecapture electrofiging and PIT tagse attempting toquantify
anadromous and residettife history strategiesand migration timingdf juvenileO. mykissn the U.S.
portion of the subbasin. These results will be made available in future reports.

5. What are the tributaryhabitat limiting factors (ecological impairments) or threats preventing the
achievement of desired tributary habitat performance objectives?

1 Fine sediments represead a limiting factor in the EDT model in most mainstem reaches in the
Okanogan subbasin.

9 EDT results suggested that stream flows in Salmon Creek were impaired by 69%, which represented the
most heavily weighted limiting factor for that diagnostic unitncontrolled water releases can scour
redds and low ovewinter flows limit habitat for jwenile rearing steelheadTheSalmon Creels
frequentlydry in the lower reach, from the OID diversion to the confluence with the Okanogan River
which limitsadult access and juvenile emigration timing.

1 Physical barrierer impedimentdimit the extentof streamkilometersavailable to anadromous fish in
the subbasin. Streams that are most affected by impediments include Johnson and Abreéhks in
Washington State.

1 Water temperature in the Okanogdriverand tributaries remains an important varigbhfecting
spatialand temporaldistribution, growth rate, abundance, and survival of juvenile salmonidgh
water temperatures in the mainstem, which can exceed 24°C during the summer months, likely limits
distribution during that timeframe Water temperature may also be limiting eolesseextent insome
tributaries.

9 Predation was indicated asimportant limiting factor in the EDT model results for the mainstem
Okanogan Rivealthough empirical dateelated to predator abundance and salmonighsumption
have not been collected to date

With the listing of several salmonid specweishin the Columbia River Basas threatened or endangered under
the Endangered Species Act (ESA), federal, state,, tidlother entities have made considetatnvestments
in salmon population monitoring and habitat restoratiofracking status of salmon populations as they relate
to habitat capacity and limiting factoremainsan important part of determining if conditions are

improving. From 206 to 2014, biological data corresponding to adult and juversteelheadabundance and
spatial and temporal distributiohave been collected, which greatly increased éineount ofinformation
available fotthe Okanogan subbasinAdditional monitoring efforts incluadl physical habitat measurements,
water quality, temperature, and discharge datehichwere used to identifispecificlimiting factors for
salmonids Over the longerm, status datare used to examine trends, which may indicate if salmon
populations andespective habitats are improvind:zuture monitoring will continue to support validation of
trends, while some modifications of protocols may be needed to evaluate identified uncertainties.

The overall outcome of monitoririg the Okanogan subbasisito guidenatural resource managefs RS Qd & A 2 Y
minimize threats to salmon, choose restoration actions that will have the most positive impact, and set

measurable salmon enhancement objectives to coincide with fiscal investments over multiple

jurisdictions. Salmon population monitoring also includes collecting applicable data that can be used in real

time decisions aboutarvest,hatchery management, artdabitat project implementation.Information related
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to status and trends fosalmon and teelhead wihin the Okanogan requires a lof@rm vision and commitment
to provide answers about populatidevel actions and trends in habitat quantity and qualis monitoring
efforts continue to progress, the Okanogan Basin Monitoring and Evaluation Progractstpdelivepractical
status and trend monitoring data and to make those data readily available to agencies for use in more
comprehensive, broadcale analysis.

5.1 Overview of Recommendation s for Management Programs

Within the Okanogan subbasimrsiderable coordination has occurred between monitoring, habitat
implementation, and hatchery programs. Due to close organization skftiegramswithin the Colville Tribes
Fish and Wildlife Departmentindings from monitoring projects can be effeeiy communicated to habitat and
hatchery program#n an efficient manner. Outlined in this document and the accompanying EDT reports are a
number of factors that may be limiting recovery of salmanidthin the Okanogan subbasin, although the
specific foas of this research has bepnimarily on summer steelhead. Subsequent recommendations to
habitat practitioners are included throughout these documents, which were derived from 10 years of
monitoring data, analyses, and extensive professional experiencking in thefield. Due to the length of

these reports, an overview of recommendations by-sudtershed has been assembled in TahleThis

summary tabléas notall-inclusive, but ratherit providesa starting place for readers to pursue further
information within the Okanogan subbasin EDT reports and supplementary analjse8olville Tribesecently
submitted a Hatchery Genetic Management Plan (HGMP) for a proposed summer steelhead conservation
program (Broodstock Acclimation Program). Extensinadyasis and recommendations concerning hatchery
management are covered in the HGMP, and therefore, hatchery related recommendations discussed in this
document are limited to higthevel statements.

Although monitoring results and indicators can be repdrin relatively succinct summaries, it is important to
understand that a number of assumptions exist behind many of these studies, which can be difficult to explain in
short segments (Salmon Monitoring Advisor 2010). Additionally, fisheries data anefithgcomplex, and
GoAGK2dzi YIFyALMdzZ F 6AGS SELSNAYSyGasz AG A& y20G LI2aaAro
YAOGATIOGAY3 GKS STFFSOUhaoddd 2y & OBWMEP yas dedigned taonfohitbry 2 y  a 2
status and tendsof abundance, productivity, diversity, and spatial structure of adult and juvenile Upper

Columbia Rivesummer seelheadand associated habitah the Okanogan River and ttibutaries. Although

abductive inferencederived fromstatus and trenddata may help to address effectiveness of habitat or

hatchery projects, identifying causal mechanisms was not the intent of the original program research questions.
Readers and decision makers are encouraged to ask questions and learn more about relathgiass and
complexities of the data before investing in management decisions (Salmon Monitoring Advisor 2010).

Monitoring staff can be contacted directly if more specific data or analyses are needed.
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Table6. Summary ecommendationgor management program$y subwatershed.

Subwatershed

Approx. num. of stream KM
(GIS available to anad.

salmonids *

Estimatednumber of
total steelhead spawnerg

(natural origin

Min. Avg. Max.

Estimatedtemplate

from EDT(CCT 2013)

Observations and MonitorinBecommendations

Chiliwist Creek

o
o

NA NA NA

N isummer steelheadcapacity

No actions should be takeat this time Benefits are uncertain and landowners may be unwilling to
participate in restoration.

w
~

Loup Loup Creek

0 38 | 125
© | @

N
(o2}

Past projects to restore perennial flow by changing the point of diversion in 2012 appear to have
successfulThe number of juvenile steelhead observed in the creek has been greatly increasing o
the past five years, likeljue to recent flow and passage improvements. From this, increasestunal
originadults may be anticipated in the futuré&kecommendations focus around continuing to pursug
projects that maintain and enhance yearund flow. Additionally, improvementso instream
complexity would enhance spawning and rearing habitat quality.

Salmon Creek 27.9

0 160 | 308
28) | (53)

326

Salmon Creek contains a significant amount of the tributary habitat found in thmktiSn of the
Okanogan subbasin; projects shoutihtinue to facilitate instream flows below the Okanogan Dist.
diversion, which iparamount for adult and juvenilmigration. Additional improvements to water
management could improve egg incubation success and increase overwintering habitatipptre
reachesThere may be a need tovaluateeffectiveness of thérrigation diversion fish screens, which
currently may allow juveniles to become entrainedhe irrigation canal.

The number of hatchery amatural originadult steelhead entering $aon Creek has been increasin
over the past 10 years of monitoring. Although hatchery programs are continuing to plant hatche
raised juveniles into the creek to acceler&iabitat usage the number of natural origin adult
steelheadentering the creek sbuld continue to be monitored annually. When recovery goals are
being approached, stocking should p@portionallyreduced or ceased to reduce competition with
natural originfish. Alternatively, operation of a weir trap could facilitate management afrréhg
hatchery origin adults.

Omak Creek (below 9.2
Mission Falls)

71 204 | 393
6 | (67) | (220)

93

No specificrecommendationgor habitat implementation programat this time See Omak Creek
(above Mission FallsRecommendations for hatchery origin steead management in Omak Creek
are specifically detaileih the HGMP Management pograms should continue to reduce influence of
hatchery adults through the adult weir trap.

Omak Creek (above 38.8
Mission Falls)

NA

In 2014, adult steelhead were domented above Mission Falls for the first time. The habitat abovg¢
the falls represents an apprimate 81% increase in stream length available to anadromous fish in
watershed. Upper Omak Cr was not analyzed in the last EDT modkbmwever, habitatata
collected over the past 10 years suggest sufficient habitat likely eXistbitat projects should focus
on fine sediment reduction and protection actionalthough hatchery programs are stocking locally
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adapted WxW juveniles into the cregke number ofnatural originadults should continue to be
monitored annually. When recovery goals are being approached, stocking shquiddaetionally
reduced or ceased to reduce competition witatural originfish.

Wanacut Creek 25 0 3 12 16 No actions should be takeat this time
@) 4)
Johnson Creek 0.5 18 34 57 21 Past habitat surveys were limited to the lower canyon portion of the creek, no systematic habitat
or 2) (8) (19) surveys have occurred upstream to date. Two probable impedintemts been documented on lowe
16.1 Johnson Creek. Other potential impediments upstream have not been surveyed at this time.
Tunk Creek 1.2 2 42 109 6 No actions should be takeat this time
Q) (10) | (44
Aeneas Creek 0.4 NA NA 34 13 After habitat inplementation projects occurred in 2012, adult steelhead redds were observed in th
(1) creek for the first time in 2014. The current extent of upstream passage is likely at the highway
culvert, approx. 0.4 km from the confluencduvenile surveys, conductéar the first time in 2012,
noted low densities of salmonid$his may b due to newly utilized habitadfter recent habitat
projects. Naadditionalactions should be taken at this time.
Bonaparte Creek 1.7 12 96 204 16 No actions should béakenat this time
(6) 0 | (1)
Siwash Creek 2.9 0 0 0 44 Noactions should be takeat this time
Antoine Creek (Lower) 14 0 4 31 10 Over the past 9 years of monitoring, very few adult steelhead have been documented in the creg
Q) (8) potentially due to arimpediment near the confluence of the creek, or low spring time instream flo
To increase steelhead abundance in this stream, projects should fodostogam flow issues and the
fish passage impediment (headit) near the mouth of the creekAlso seeAntoine Creek (Upper).

Antoine Creek (Upper) 17.7 NA NA NA 80 A passage impediment (diversion dam) was retrofitted in 2013, greatly increasing the number of
AONBIY 1YQa I @I Aafisht lBofvéver,iutdizatioy df tRisNdRW Habirat is expectede
low until instream flows and other impediments are addressed.

Wildhorse Spring Creek 1.8 0 57 278 6 Out of all surveyed tributaries, WHS Creek has been docwedéathave the lowest summeime

9) (48) water temperatures; however, very limited hadi exists during summer bad®w, including lower
reaches that dryup annually.On years when the creek has sufficient spring flows to allow adult
access, significant numbers of adults have been documesgadningin this creek. Because of its
ephemeal nature in the lowereaches and the oveaallocation of adults that can spawn in the creek,
proportionally, this system is not expected to produce manymigrants. No stocking should occur,
but in years with sufficient spring time flows, broodstockilcbbe collected here to prevent spawners
from stranding theiprogenyand help transition the hatchery program to 100% natural origin
broodstock (refer to the HGMP).

Whitestone Creel NAS NA NA NA NA Comprehensive habitat surveys have not been condiicte Whitestone Creek to datéhe upstream
extent is not known. This creek is known to have particularly high spring and summer water
temperatures. Aside from monitoring, no additional actions should be taken at this time.

Tonasket Creek 3.3 0 34 75 17 Tonasket €ek dries up annually in the lower reaches, although adult and juvenile steelhead are

@) (28) known to exist in the upper reacheBased on the stream flows observed over the past years of

monitoring, this creek has little summer rearing Habirelative to the number of adult spawners
annually. If any habitat projects are to occur, instream flow would have to be a focus.
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Ninemile Creek

8.4

1)

29
(8)

77
(18)

87

A long section in the middle reaches of this creek go dry or flow subsuafarually, which likely limits
any significant contribution to steelhead populations. It is unknown if this is a natural occurrence
although it should be noted that the catchment size of the watershed is a relatively small 55 km?
semiarid shrubsteppe. Ninemile Creek was identified in the HGMP as a cte@keasure natural
colonization rates and is not scheduled to receive direct supplementation in the foreseeable futu
No actions should be taken at this time.

Okanogan RivetJS only)

143.6

302
@7)

742
(72)

1,327
(120)

25519

The mainstem Okanogan River has persistently high summer water temperatures, which may lin
salmonid habitat use during that season. The mainstem is also dominated by fine sediments; pq
habitat projects could fous onfine sediment managemenincluding projects that build islands or
reconnect floodplaingparticularly in reaches near spawning areas.

Mainstem hatchery supplementation has beenitid to the Similkameen Riverpractions should be
takenat thistime.

Similkameen River

16.5

123
13)

300
(30)

514
(47)

431

Potentialhabitat projects could focus on fine sediment management, including projects that build
islands or reconnect floodplains, particularly in reaches near spawning.areas

Current managment calls for all hatchery steelhead not planned for release into a tributary strear|
be released in the vicinity of the WDFW AcclimatBite on the Similkameen Riyeo additional
actions should be takeat this time

All US habitat

282.6

666
(63)

1,653
(263)

2,672
(616)

3,743 9

Habitat implementation projects over the past few years has reconnected or made accessible a
significant amount of habitat for anadromous fi§fhe focus should continue tme on tributary
habitats, particularly those with sufficient biologicatapacity to support juvenile rearing, including
Loup Loup, Salmon, Omak, and Antoine Creeks (refer to Section 2.2, Juvenile Salmonid Monito
The NOAA recovery criteria of 508tural originadults for the US portionr 1,000natural originadults
for the entire subbasin has not been reached. Although hatchery programs are continuing to pla
hatchery raised juvenileshe number ofnatural originadults entering priority creekisas been
increasing andhould continue to be muitored annually. When recovery goals are being approach
stocking should be reducgatoportionallyor ceasedasoutlined in the HGMPto reduce competition
with natural originfish.

* Total habitat available as of 201dalculated through a GIS sledite; GIS stream lengths are known to be bias low, so actual lengths are likely longer
U hyte (GKNBS
4 hiyld yearsof data available20132014, but no assumed spawning before this year due to large impedimentsheearouth.

§ Whitestone Creek has not been systematically surveyed to date.

& S20N2R012 F RI G I

F g AflofS

1 The total mainstem summer steelhead capacity is likely an over estimate because the model is not currently factoriegsjeetiread response to water temperature
accurately this issue will be addressed in the next EDT report
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Appendix A: Use of Data & Products

1. Identify the database, weHinks, or documented sources for related data sets for the project.

Data collected under the Okanogan Basin Monitoring and Evaluation Br@gsastored in a MS SQL Server
database. Data requests can be referred to Jennifer Miller-g&297733). Additional information about the
OBMEP database can be founahapter4.0: Coordination and Data Management (RM&E).

Redd survey and snorkel segvdata available abww.streamnet.org

Redd survey shapefiles, GIS files, and temperature files from PIT tag arrays are available at

http://cctobmep.com/obmep_project data.php

9 Fish counts at Zosel Dam have been occasionally uploadbd ©.A.R.T. webpage at
http://www.cbr.washington.edu/dart

9 Juvenile and adult steelhead PIT tag detectiaressimmediately ufpaded andavailable at

www.ptagis.org

1
T

Website links for temperature and discharge monitoring sites within the US Okanogan subbasin include:

Okanogan River at Malotftittp://waterdata.usgs.gov/nwis/uv?site_no=12447200

Okanogan River near TonasKettp://waterdata.usgs.gov/nwis/uv?site_no=12445000
Okanogan River @roville:http://waterdata.usgs.gov/nwis/uv?site _no=12439500

Ninemile Creekhttp://waterdata.usgs.gov/wa/nwis/uv/?site_n0=12438900

Similkameen River near Nighthawlttp://waterdata.usgs.gov/wa/nwis/uv?site _no=12442500
Antoine Creek near Ellisfordéttp://waterdata.usgs.gov/nwis/uv/?site_n0=12444290
Johnson Creek near Riversiddtp://waterdata.usgs.gov/nwis/uv/?site_n0=12445500

Omak Creek near Omakittp://waterdata.usgs.qgov/nwis/uv/?site_n0o=12445900

Salmon Creek above diversion near Okanodstp://waterdata.usgs.gov/nwis/uv?site_no=12446995
LoupLoup Creek at Malotthttp://waterdata.usgs.gov/nwis/uv?site_no=12447285

WA DOE gage at Bonaparte Creek at

Tonasket: https://fortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=49F070

=4 =4 =4 = -8 -8 -8 -8 -8 -8 n

2. Identify citations for other technical reports produced/published using data collected or evaluated by
this project in the calendar year that could be included in potential rewie

OBMEP 2015. 2014 Okanogan Subbasin Steelhead Escapement and Spawning DistriQatizitie
Confederated Tribes Fish and Wildlife Department, Nespelem R&port submitted to the Bonneville
Power AdministrationProject No2003-022-00.

50


http://www.streamnet.org/
http://cctobmep.com/obmep_project_data.php
http://www.cbr.washington.edu/dart
http://www.ptagis.org/
http://waterdata.usgs.gov/nwis/uv?site_no=12447200
http://waterdata.usgs.gov/nwis/uv?site_no=12445000
http://waterdata.usgs.gov/nwis/uv?site_no=12439500
http://waterdata.usgs.gov/wa/nwis/uv/?site_no=12438900
http://waterdata.usgs.gov/wa/nwis/uv?site_no=12442500
http://waterdata.usgs.gov/nwis/uv/?site_no=12444290
http://waterdata.usgs.gov/nwis/uv/?site_no=12445500
http://waterdata.usgs.gov/nwis/uv/?site_no=12445900
http://waterdata.usgs.gov/nwis/uv?site_no=12446995
http://waterdata.usgs.gov/nwis/uv?site_no=12447285
https://fortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=49F070

Appendix B: Adult Abundance Metrics and Indicators

Adult AbundanceMetrics

Category Subcategory Subcategory Subcategory Specific Metric
Focus 1 Focus 2 Title

Fish Abundance of Fish Fish Life Stage:| Fish Origin: Fish Abundance
Adult Fish Both

Fish Density of Fish Species Fish Life Stage:] N/A Fish Abundance
Adult Fish

Fish Distribution of Fish Fish Life Stage:] N/A Fish Abundance

Species Adult Returner
Fish Distribution of Fish Fish Life Stage:] N/A Fish Abundance
Species Adult Spawner

Fish Length: Fish Speds Fish Life Stage:| N/A Fish Length
Adult Fish

Fish Migration Pathways: Fish | Fish Life Stage:| N/A PIT Tag Detections
Adult Returner

Fish Origin N/A Origin

Fish Presence/Absence: Fish Fish Life Stage:] N/A Adult Distribution
Adult Returner

Fish Sex Ratb: Fish Fish Life Stage:] N/A Fish Sex
Adult Returner

Fish Sex Ratio: Fish Fish Life Stage:| N/A Fish Sex
Adult Spawner

Fish Timing of Life Stage: Fish | Fish Life Stage:| N/A Run Timing
Adult Returner

Fish Tissue Sample: Fish Fish Life Stage:] N/A Scale Sample
Adult Fish

Other Location Fish Origin: N/A Redd GPS Location
Both

Time Date N/A N/A Date
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Adult Abundancelndicators

Category Subcategory Subcategory Subcategory Specific Metric
Focus 1 Focus 2 Title

Fish Abundance of Fish Fish Life Stage:| Fish Origin: Spawner Abundance
Adult Spawner | Both
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Appendix C: Underwater Video Monitoring at Zosel Dam

Introduction

Underwater video can be used to enumerate fish passing certain points in a river system without having to
handle them, which is an ideallstion for monitoring fish without causing further handling stress. Underwater
video observations allow the program to monitor seasonal run timing of salmonids and estimate run abundance,
in certain species, by sex and origin. OBMEP operates severaluatdevideo counting stations, primarily

focused to enumerate adult steelhead, although all species of fish are recorded passing monitoring sites.

Methods

OBMER Adult Abundance Adult Weir and Video Array (ID:6)
https://www.monitoringmethods.org/Protocol/Details/6

Underwater video monitoring was conducted on the mainstem Okanogan River at Zosel Dam, just south of the
Canadian border, and the tributaries of Salmon and Antoine creEks Chinook Salmon, fisktimated at 22

inches or underelative to the known size of an object in the counting box were considered jacks (i.e. same

length used at Bonneville Dam fish viewing window). Salmon were also classified as natural or logiginery

when the presence or absence of an adipose fin was identified. Results for steelhead are summarized in the
annual Okanogan Subbasin Steelhead Escapement and Spawning Distribution report (OBMEP 2015), and will not
be presented here.

There wee several ways fish observations were missed, resulting in inaccurate counts. Video systems may have
been temporarily removed for short durations during the maithter (a time when very limited or no fish

movement occurs) or for routine maintenance andasling. To estimate missed fish during this time, an

average was taken of passage events during the hour before and after the boxes were removed. Additionally,
when the undershot spillwagatesat Zosel Dam werraised to a height of more than 12 inchea unknown

number offish mayhave swamnthrough the spillways and bypassthe fishway monitoring systems

Fish may also be overestimated when individuals ascend the fishway, fall back through the spillway, and ascend
through the fishway again. Amlalt fallback and reascension adjustment was calculated using an algorithm on

the DART website, developed by Brian Burke at the Northwest Fisheries Science Center, NOAA. A successful
ascension was determined when a PIT tagged fish was detected on feotfoimstream and upstream antenna

in a fishway in that order. If the same fish was detected again ascending 15 minutes later, it was considered a
separate ascension. If the fish was detected multiple times on both upstream and downstream antennas within
a 15 minute period, and was last detected on the downstream antenna, it was not considered an ascent. If the
fish was only detected once or multiple times on one anterinaasnot considered an ascent. An adult

fallback adjustment (AFA) was calculasedthe ratio of the number of unique PIT tagged fiSfiy( ascending

the fishways, divided by the total number of their ascents:

where,

Npir= number of unique Piagged fishascending théadder(s),
a, = number of ascents made by thib PIFtaggedfish (= 1, ... Npy.
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The video count (C) multiplied by the AFA provided an estimate of the total adult passage abundance (N):

N =c-AFA

In 2014, a record Sockeye run was enumerated at Zosel Dam using a subsample counting technique. Instead of
viewing all botage, viewers watched 20 minutes of each hour in evenly spaeethe increments. Counts

were then expanded for the entire hour. A linear regression comparing complete hourly counts to subsample
estimates suggested the subsample estimate was anllextgredictor of the true count (p<0.001) (Figuzd).

Underwater videadata are compiled on the OBMEP server located at the Colville Tribes, Fish and Wildlife office

A v 4 oA x

Anadromous Fish Division, 25B Mission Rd., Omak, WA 98841, (568)3&22
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Figure ClLinear regression analysis for Zosel Backeye subsampling. LCL and UCL stand for lower and
upper confidence level, and LPL and Sfahd for lower and upper prediction limit.

Results

Over the past 10 years of underwater video monitoring, the most com@wocorhynchusp. observed passing
Zosel Dam include Sockeye and Chinook salmon, steelhead/Rainbow Trout, and Coho salmoseffirest ai
2011). Various frequently counted non target species include northern pikeminiiyclocheilus
oregonensis smallmouth bassicropterus dolomie) largemouth basd|. salmoide}, carp Cyprinusp.),
suckers Catostomusp.), bluegillliepoms macrochirus mountain whitefishProsopium williamsohi
peamouth Mylochelius caurings chiselmouth Acrocheilus alutacejsyellow perchRerca flavescepsand
extremely rare observations of Bull Tro®alvelinus confluentiisNo sturgeon or padif lamprey have been
observed in the Zosel Dam underwater video array.
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A total of 1,976 Chinook Salmon were observed passing Zosel Dam in 2014, of which 1,614 were adults and 362
were jacks (Figure 7). When adjusted for fallback, the total count wastad to 1,253. An estimated 22 fish
weremissed when video equipment was pulled out of the water for weekly cleaning, so the final adjusted count
was 1,275 Chinook. Figut2represents observed counts unadjusted for fallback rates from all yearsegs t

were reported to DART.
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Figure C2Zosel Dam Chinook counts for the years 2005 through 2014. Beginning in 2011, viewers divided
observations into adult Chinook and jack Chinook.

The Sockeye run peaked on July 25, when 723dtkeye were observazhssing Zosel Dam (Figu€d, more

GKIFIy R2dzoftS | aiAy3atS RIFIe&Qa O2dzyi F+G Fftf 20KSNJ RIYa
passing the system was 325,277. After adjusting for recension, the corrected count was 312,166 passing
upstream. Additionally, an estimated 2,696 sockeye passed when video equipment was pulled out of the water
for weekly cleaning and an estimated 2,000 Sockeye were missed on July 24 when the spillway gates were
opened for 15 minutes to allow for unimpeded passad herefore, a total of 316,862 Sockeye were estimated

to have passed Zosel Dam. Daily passage presented in Egragresentsobserved counts unadjusted for

fallback rates.
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Figure C3Zosel Dam underwater vidamunts for 8ckeye 2014; therun peaked onJuly 25

Estimated Number of Sockeye

Coho Salmon have been observed in the Zosel Dam underwater video systemlybsince 2011 (Figu@d.

In 2014, 80 Coho were observed passing upstream through the Zosel Dam video array and the peak occurred on
October 24. When adgtied for fallback, a total of only 46 Coho passed upstream. F@direludes Coho

counts which have been adjusted for fallback&®cension. Coho have been extirpated from the Okanogan
subbasin for many years and are only reappearing recently dudabchery reintroduction program in the

Methow River. Itis unknown if adults are spawning successfully and producing offspring.
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Figure C4The Zosel Dam underwater videol® counts adjusted for fallback/ascension for the years 2005
through 2014.

Estimated Number of Coho Observed
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Conclusions

Underwater video observation provided a means to easily identify fish, in some species by sex and origin, and to
document salmonid run timing in the subbasin. Video counts are used in combination with other methods of
enumeration and can pwide fish counts in case other methods fail. Underwater video has the capability to
document fish that are not tagged and where no other means exist to document abundance. This method can
also be used to validate PIT tag expansion estimates. Howevarei conditions some years have resulted in

not all fish being observedue to turbid water conditions. When this occurs, census counts are incomplete. In
addition, fallback rates are only now beginning to be factored ithhéxresults at Zosel Dam.
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Appendix D: Adult Steelhead Enumeration in Canada

Calculation of adult steelhead spawners in the Canadian portion of the Okanogan subbasin

During the Sockeye Salmon migration of 2012, the detection efficiency at the OKC array was estimated at 88.9%
(Fryer et al. 2013); however, the detection rate may change between seasons and years. The Washington
Department of Fish and Wildlife has conducted a PIT tagging effort at Priest Rapids Dam (EieIJpbmmbia

River since 2014and abundance estimatested below are taken from the tagging rates at PRD during sampling
times only. Using a simple expansion factor based on the proportion of tagged to untagged fish at PRD and
adjusting for the detection rate, escapement at the OKC PIT antenna array waatesdtias follows:

Table D1! 6dgRyC SV I BA2FABIKS RLIEE FBHGh Yy | NUB 2y (KSIj 63 dr]ly 3y W
deaNY Y 2Fads 6 adh s2e224] 1| S

Abundance estimate

Number of ‘
tags Adjusted number of ~ PRD tag rate* based on expansion
Year Origin  detected at tags based on ) factor
OKC (from detection rate Y6 R O QL;— 0
PRD sample’ 5 Nowoo o
2011 Hatchery 0 0 0.0834 0
2011 Wwild 2 2.25 0.0834 27
2012 Hatchery 2 2.25 0.1309 17
2012 Wild 2 2.25 0.1311 17
2013 Hatclery 0 0 0.1343 0
2013 Wild 3 3.37 0.1339 25
2014 Hatchery 2 2.25 0.1448 16
2014 Wild 3 3.37 0.1448 23

* C= estimate of steelhead passage at OKC antenna array

* N = total number of steelhead sampled in Priest Rapids Dam study

* M = number of marked swhead sampled in Priest Rapids Dam study
* R= number of marked steelhead detected at OKC antenna array

It should be noted that all the estimates listed above are based on extremely low sample nahterOKC
interrogation site The falback rate vas not estimated. Also, PIT detection numbers at OKC are based on a
number of assumptionicluding: (1) PIT tags had no detectable effect on the distribution gl of
individuals, (2) allteelhead had an equal chance of detection,t{®re wasno loss of tags, (4he population
was closedand (5) fish falling back downstream had an equal chance of being detected as fish migrating
upstream.
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Figure D1Graph of steelhead PIT tag detections by year at Okanagan Channel (OKC) at VDS ®Wwrof@n d
hatchery and wild fish.

Table D2Chart of total counts an@ITtag rateof steelheadreleasedby yearin the Priest Rapids Danelease
group study (BPA Project # 20084-00).

Spawning PRD Steelhead PRDrag Rat#

Year Count* Hatchery wild

2011 26,476 0.0834 0.0834
2012 20,757 0.1309 0.1311
2013 17,230 0.1343 0.1339
2014 15,011 0.1448 0.1448

*Data from the Fish Passage Center website, fpc.org
**Data provided by WDFW (Ben TruscOdDFW pers com)
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Appendix E: Juvenile Abundance Metrics and Indicators

Juvenile Abundance Metrics

Category Subcategory Subcategory Subcategory Specific Metric
Focus 1 Focus 2 Title

Fish Abundance of Fish Fish Life Stage:| Fish Origin: Abundance of Fish
Juvenile Fish | Both

Fish Abundance of Fish Fish Life Stage:| Fish Origin: Abundance of Fish
Adult Fish Both

Fish Density of Fish Species Fish Life Stage:| N/A Density of Fish
Juvenile Fish Species

Fish Density of Fish Species Fish Life Stage:| N/A Density of Fish
Adult Fish Species

Fish Genetics: Fish Divesity, Fish Origin: N/A Scale Sample

Fitness or Variation Both

Fish Length: Fish Species Fish Life Stage:|] N/A Length
Juvenile Fish

Fish Length: Fish Species Fish Life Stage:] N/A Length Categories
Juvenile Fish

Fish Length: Fish Species Fish Life Stage: | N/A Length Categories
Adult Fish

Fish Mark/Tag Application N/A Marking

Fish Mark/Tag Recovery Habitat Type: | N/A Recapture
Channel: Pools

Fish Origin N/A Origin

Fish Presence/Absence: Fish Fish Life Stage:] N/A Presence/Absence
Juvenile Fish

Fish Presence/Absence: Fish Fish Life Stage:] N/A Presence/Absence
Adult Fish

Fish Timing of Life Stage: Fish | Fish Life Stage:] N/A Life Stage
Juvenile Fish

Landscape Form & Length/Width/Area Habitat Type: | N/A Channel Length
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Geomorphology Channels

Other Location N/A N/A GPS Location

Time Date N/A N/A Date

Time Time: Duration N/A N/A Duration

Water Quality Conductivity N/A N/A Conductivity

Water Quality Water Temperature N/A N/A Water Temperature

JuvenileAbundancelndicators

Category Subcategory Subcategory Subcategory Specific Metric
Focus 1 Focus 2 Title

Fish Carrying Capacity N/A N/A Carrying Capacity

Fish Migration Pathways: Fish | Fish Life Stage:| N/A Outmigration
Juvenile Fish

Landscape Form & Length/Width/Area Habitat Type: | N/A Area

Geomorphology Channels
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Appendix F: Juvenile O. mykissMark -Recapture Population
Assessment

Introduction

mmer geelhead(Oncorhynchumykis$ are currently listed as threatened in the Upper ColunfRieet

Monitoring the status and trends of tributary popuiams in the Upper Columbia allow researchers to track
progress towards recovery goals, as outlined in the Monitoring Strategy for the Upper Columbia Basin (Hillman
2006). However, estimating the population size of naturally produced juvaag¢éheadin the Okanogan

sulbasin continues to be a challenging task. Life history strategies and residence time of gteethieadcan

be highly variable. The timing of outmigration can vary widely, even among the same brood year and between
sexes (Peveat al.1994). Consequently, interpreting migrational movements (i.e. resident vs. anadromous) can
be challenging. The Okanogan Basin Monitoring and Evaluation Program operated a rotary screw trap (RST)
since 2004 on the mainstem Okanogan River, but very fewuegpof naturally producedteelheadproduced

highly variable and unreliable estimates of population size.

Snorkel surveys of juvenile salmonids can show changes in relative abundance over time (Schill and Griffith
1984, Thurow 1994). Annual variation observed abundance is calculable from the currenteng dataset

for the Okanogarsubbasin, but it remained unknown how these values related to absolute abunddbeata.

from snorkel surveys cwucted from 2004 through 201ghow very low numbers gfivenilesteelheadin the
mainstem and considerably higher densities in tributaries. Therefore, in order to more accurately monitor
population status and trends aofaturally produceduvenilesteelheadin the sutbasin, population monitoring
efforts are keing refocused to the cool water tributaries.

The Washington Department of Fish and Wildlife (WDFW) and the Colville Confederated Tribes (CCT) installed a
series of permanent and temporary PIT tag arfags 20122014near the mouth of tributaries witkknown or

potential steelheadspawninghabitat (BPA Project #204B4-00). The arrays were primarily installed to

monitor movements of aduliteelheadduring the spring spawning period and better define annual escapement
estimates. However, these PIT iatgrrogation systems also have the capacity to detect PIT tagged juvenile
salmonids as they otrnigrate from the system.

This study was designed to assess utilization of tributaries to the Okanogan River by gigetiad while
conforming to exisng monitoring frameworks in theulbasin. This task was accomplished with the use of
electrofishing, remote PIT tagging, madcapture eventsand instream PIT tag interrogations. The primary
study goals were to: (1) estimate abundance of juve@ileykissin small streams, (ZDalculateprecision of
estimates, and (3) calculate an independent, strdaased population emigration estimate from PIT tags. These
methods allow the program to more accurately momitmnual abundance of juveniléeglheadin the

Okanogan, estimate precision and bias associated with methods, and to determine trends in juvenile
abundance, spatial distribution, and diversity through time.

Methods

OBMER Juvenile AbundanceMark-Recapture (ID:194)
https://www.monitoringmethods.org/Protocol/Details/194
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a. Study Location an&ite Selection
Loup Loup Creek

Loup Loup Creek is a tributary that enters the Okanogan River alRKMthe town of Malott, WA. fie creek
frequentlydried up annually during midummer, until 2010, when irrigation district water rights were adjusted
from Loup Loup Credurface water to the mainstem Okanogan River. A noticeable increase in juvenile
abundance was noted from 2010 28814 (refer toAppendix Gsnorkel density of juvenil®. mykissn Loup

Loup Creek).

Loup Loup Creek was divided into three readelew a naturally occurring fall§Vithin each of thehree
reaches, one ~15000 m site wasandomlyselected to perdrm a site based population estimagigureFl). A
PIT tag array (site LLC) is located in the town of Malott, WA; the system consists of threggrad®¥C antennas
in series.

Salmon Creek

Salmon Creek is a highly managed, medium sized tributanetitats the Okanogan River at RKA3 in the

city of Okanogan, WA, Ay OS (G KS SINIe& mopnnQasz GKS YI22NRGe 2F 4|
irrigation usage. The largely dry stream channel extended from the Okanogan Irrigation Dist)ictiy&iglon

dam (7.2 km) to the confluence with the Okanogan River. Occasionally, uncontrolled spills greater than 300 cfs
occured downstream of the OID diversion dam in high water years. These spills typically occurreeMaynid

to June, which is aftesummersteelheadhave already moved into tributaries to spawn. In order to provide
sufficient water during the migration window of sprisgpawningsteelhead the Colville Tribes purchased water

from the OID and allowed it to flow down the channel to thkanogan River. After several years of successful
evaluations ofteelheadpassage, the Tribes negotiated a long term water lease agreement with the OID. Since
2006, the long term water lease has providesimall window of water for returning adults amdit-migrating

juvenile salmonids.

Salmon Creek was divided into nine biologically distinct reaches below the anadromous barrier (Conconully
Dam) as part of an EDT analysis (Figjye Reach breaks were determined by changes in habitat, gradients,
confluence with other streams, or mamade features in the stream that may affect distribution of fish (ex.
culverts, irrigation diversion). Within each of the nine reacbes, ~150-200 m site wasandomlyselected to

perform a site based population estingat All nine sites were drawn from a previous GRTS sampling effort for
habitat monitoring. It was assumed that sites were representative of each reach because reaches were defined
by analogous habitat type and a site was randomly located within respeetod bounds.

A PIT tag interrogation array (site SA1) is located upstream from mouth of Salmon229&ek upstream from
the confluence with the Okanogan River. The system arrangement consists of thremvpaBd/C antennas
grouped in three series.

Omak Creek

Omak Creek is characterized as a perennial, medium sized tributary that enters the Okanogan River at RKM 51.5,
approximately 1.0 km upstream from the city of Omak, WA. Discharge rates in the creek range from a base flow
of 10 cfs to over 30 cfs during the spring. During the base flow period, wetted widths range from

approximately 2 to 8 m. Omak Creek was divided into seven biologically distinct reaches below the anadromous
barrier (Mission Falls) as part of an EDT analysis (Fi@ur&each breaks were determined by changes in

habitat, gradients, confluence with other streams, or rmaade features in the stream that may affect
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distribution of fish (e.g. culverts, adult fish weir, juvenile hatchery stocking locations). Within eaehsafvén
reaches, one ~150 m site waemndomlyselected to perform a site based population estimate. Five of the sites
were drawn from a previous GRTS sampling effort for habitat monitoring. Two of the remaining reaches did not
contain a GRTS site andeendom site was selected within the respective reach boundaries. It was assumed that
sites were representative of each reach because reaches were defined by analogous habitat type and a site was
randomly located within respective reach bounds.

Aparallel BT tag array (site OMK) is located near the mouth of Omak ek kmupstreamfrom the

confluence with the Okanogan RivéFrheantennaarrangement consists of 6 passer PVC antennagouped

in two seriesthree upstream and three downstreanh. t&y shkkw trap (RST) is operated in the spring, 225
m upstream of the PIT tag antennas. However, due to site anddésed restrictions, operation of the trap is
limited to discharges between 25 and 75 cfs. Captures eledises of PIT tagged juversteelhead at the RST
will be used to determine detection efficiency at the downstream PIT antennas at various discharge rates.

Wanacut Creek

Wanacut Creek is a smafphemeral stream that meets the Okanogan River at approximat€iys5B, between

Omak anl Riverside, WAFigureF4). The 51 kiwWanacut Creek drainage sterfitem Omak Mountain, located

on the Colville Reservation. A large natural falls exists a short distance from the confluence with the Okanogan
River and the creek frequently flows subswé, except during spring runoff. However, small numbers of adult
steelhead have been shown to utilize Wanacut Creek for spawning on years where sufficient water depth exists
in March through May. A temporary PIT tag antenna (site WAN) is placed séaseaalthe mouth of the

creek to document PIT tagged steelhead movemeiitse creek was broken up into three separate reaches for
subsampling.

Tunk Creek

Tunk Creek is a small tributary that meets the Okanogan River ai7RKMstream of Riverside, WAAIthough
the drainage area of Tunk Creek is approximat&§ knf, only the lower~1.2KM are accessible to anadromous
fish, due to a natural fallgFigureF5. The creek frequently flows subsurface in the lower reaches, although
efforts are being madé improve instream flowrfovingwells back from the creek, etcp temporarysingle

PIT tag antennésite TNKis installed seasonally near the mouth of the cregkink Creek was surveyed in two
reaches below the falls.

Aeneas Creek

A small creek ith a drainage area of only 25 kneneas Creek enters the Okanogan River just south of the
town of Tonasket, WA (RKM 85). Tower section of thecreek was impounded with a series of very large

beaver damsghat werecemented in with calcified clayin2012, many of these structures were removed,

allowing adult steelhead passage into a short section of the creek. The total habitat accessible to anadromous
fish is fairly short, likely limited by a culvert and steep gradient by the highway, althoughtipbfmassage has

not beenspecificallyexamined at that locationHigureF6). A temmrary PIT tag antenna was placed near the
mouth of the creek to document utilization by adult steelhead. The first adults were detected in the spring of
2014 andGPS paits were taken ofwo reddsthat were identified. Aeneas Creek was surveyed as one reach for
juvenile salmonids.
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Bonaparte Creek

Within the US portion of the Okanogan subbasin, Bemaparte Creelwatershedis fairly extensive, stemming
from Bonaparé Lake, near Wauconda, WA, anderingthe Okanogan Riveit RKM 91 The Bonaparte Creek
watershed has a drainage area of 396°%ktdischarge rangefsom 1 cfsduring low flow conditions and may
reach 20 to over 4@fs during peak runoff. During summeade flow, wetted widths range from 1B to 3 m.
The total stream kilometers available to anadromous fish is relatively limited, totaling only 1.6 km below a
natural falls

Bonaparte Creek was sampled as one reach, from the confluence with the OkdRigganl.6 km upstream to
the anadromous barrier (natural falls). The selected sample site correspondetheigmnual OBMERabitat
surveysite (FigureF7). A PIT tag interrogation site (BON) is located at the mouth of the capgkoximately 80
m from the confluence with the Okanogan River, and consists of threethessgh PVC antennas in series.

Tonasket Creek

Tonasket Creek is a third order stream that has a drainage area of F5Jkmconfluence is located at
Okanogan River RKM 125, jugstream from Zosel DanThe lower two reaches are known to go dry on an
annual basis, however, there is typically some flow in the upper most reach, below the natur&idiiek8.
A single seasonal PIT tag antenna is operated near the confluetite @eek with the Okanogan River.

Ninemile Creek

The drainage area of Ninemile Creek is 55, koughly one third the size of the Tonasket Creek watershed. The
creek waglividedinto three survey reaches, as defined by an EDT anéligisreF9. Ninemile Creeks known

to flow subsurfaceannually in the middle reach, bstrfaceflows are usually preserih the upper and lower
reach. Apermanentfour-antenna PIT tag array is located near the mouth of the creek, which enters into the
east side of.ake Osoyoos
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Figure F1Loup Loup Creek juveni® mykissnark-recapture study sites and strata.
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