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ABSTRACT

As temperature affects many life history procesdesalmon, and temperature within the Yukon Riveximhge is
dynamic and varied along the mainstem and amohgtaiies, it is crucial to obtain water temperatda¢a during
months when adult salmon are migrating and spawriihg goals of this project were to compile exigtiiver

temperature data for salmon bearing waters in thkoM River watershed, deploy data loggers at escept
projects where stream temperature is not currentgitored, and facilitate and maintain a dialogmmag Alaskan
and Canadian agencies regarding the importancemincied temperature monitoring within the drainabjee field

work for this project was completed by August 11@0Data loggers were sent to the Mountain Vill&gst Fishery
project and Emmonak for deployment, one at eaeh tito more were replaced and deployed at Pildtd®t&onar.
Six priority locations were established within thiekon Territory, Canada: Teslin River, Pelly Riv&0 Mile

River, Blind Creek, Little Salmon River, and McQtess River. Data loggers were exchanged at the Mesideld

River station and a new anchoring method was eneplopata were compiled from 21 U.S. and 29 Canaslias.
The highest mean daily water temperature for 2048 @bserved on two Yukon River tributaries: the ikrRiver,

Alaska and in the Teslin River, Canada. Databaseldpment is in the final stages and data will toparted over
the next few months.

Key words  Yukon River, temperature, climate chaspawning habitat, Chinook salmon.

INTRODUCTION

It is widely accepted that climate change is hadngmpact on Arctic environments, including

thinning sea ice, increase in sea and air tempesatoelting permafrost, and the potential for
some fisheries to decline due to changes in Aetimzsystem dynamics (Euskirchen et al. 2009;
Stram and Evans 2009; Wendler and Shulski 2009a Aesult of climate change, environmental
conditions such as flooding, elevated water tentpeza and extremely low water may become
more frequent and variable. These environmentaigds particularly water temperature, could
affect salmon productivity.

Water temperature is critically important to salmenrvival, migration, spawning and
development. Most species of salmon, including Gbiknsalmon, migrate and spawn within a
specific temperature range, generally from 3-20Richter and Kolmes 2005). However,
temperature tolerance varies by species, and sfterks within a species, and is adaptive to the
natal environment (Hodgson and Quinn 2002). It besn demonstrated that Chinook salmon
migration progress is hindered at water temperattaaging from 19-23°C, and salmon in the
Columbia River basin in Washington regularly expece water temperatures above 21°C
(McCullough et. al. 2001). Prolonged exposure gséhelevated temperatures and associate low
dissolved oxygen levels have been shown to impdudt gurvival through increased respiratory
demands, depleted energy reserves, and metabodiss s(McCullough 1999). Further, the
progeny of adult salmon exposed to temperatures 8.5-19.5°C may experience higher egg
and post-hatch mortality, as well as increasedlitisged of developmental abnormalities
(Berman and Quinn 1990). Though the environmentiwithe Yukon drainage is not identical
to the Columbia basin, the effects of climate cleawihin the Alaska and the Yukon Territory
are widespread and salmon may be experiencing asinidmperature regimes. ldentifying
specific areas within the drainage as thermal iafugll increase in importance as these effects
continue to be felt throughout the Yukon River deaje. Therefore, there is a need to monitor
water temperature throughout the region.

Although water temperature is measured for sevesahpement monitoring sites, much of the
currently available data are spread among ageaciégdime series do not overlap. In 2008, the



U.S. Fish and Wildlife Service Office of Subsistenidanagement (USFWS OSM) initiated a
collaborative effort with the Alaska DepartmentKi6h and Game (ADF&G), Tanana Chiefs
Council (TCC), Bureau of Land Management (BLM) dahd Aquatic Restoration and Research
Institute to conduct long-term temperature monitgriat 30 salmon escapement sites within
Alaska. These sites were within the Yukon, Kuskakwboutheast, Southcentral and Southwest
regions. An important component of this project waensure that water temperature data are
being collected using standardized methods throuigihe Yukon River drainage. It is especially
critical that temperature is being measured in shene way at both U.S. and Canadian
assessment projects. Cooperation among agenciggnttyr monitoring temperature at
escapement sites, including the Department of Feheand Oceans Canada (DFO) in
Whitehorse, Yukon must be a top priority in orderachieve this objective. Further, ensuring
that all U.S. assessment projects are utilizingpgamaible data loggers and monitoring techniques
is critical if data are to be compared betweenssighin each region. This project aims to
enhance the data collection process and improveet@erature monitoring that is currently
ongoing, while identifying other sites that are mofrrently monitored but are known to be
important escapement and spawning tributaries.

OBJECTIVES

The main objectives of this project were to: 1)antory the available temperature data and
assess the level of standardization; 2) initiaf@alenent of temperature data loggers following a
standardized protocol; and 3) develop a databasgisting data to set the stage for future
analyses. These aims were to be accomplished thimalaboration and open dialogue across
State and Federal agencies, including those indzana

METHODS

TEMPERATURE |INVENTORY

By networking with other agencies, such as USFWSGB, and DFO, as well as contacting
staff within ADF&G, most of the known temperaturata for escapement monitoring projects
within the Yukon drainage was collected and contpiteéo Excel workbooks. These data were
organized by country of origin and include detailedtadata regarding monitoring equipment
used, site location, sampling duration, sourcehefdata (i.e., from which agency) and name of
project leader, where possible. Data were compited tables summarizing this metadata.
Graphs were created for select data sets froman@&Canadian sites.

DATA STANDARDIZATION

Canadian and U.S. sites were ranked and priorig/gixgen to those locations for which no
previous temperature information exists, those dinatiogistically accessible, and are known to
have critical spawning habitat. Additionally, sitbat were deemed of high importance where
temperature is being monitored but data loggersatreurrently employed, or do not conform to
standard protocols, were given high priority. Farttcurrent assessment projects that already
have loggers in place were reviewed and modifiezbtdorm to standard protocols. We
attempted to deploy a total of 3-5 loggers durhig field season (1-2 per site) at sites that
satisfied the above criteria. This included travglio Canadian project sites and observing the
protocols being employed and locations being moeitoThis may include eight current projects
located at or near spawning habitat, most of whieheasily accessible by local road.



Data loggers were installed and calibrated follayénstandardized protocol (see Dunham et al.
2005; von Finster 2010). Data loggers will remdithe sites for an entire year (through winter
and breakup), if possible, and will be replacethatend of the summer with new equipment to
be recovered in the spring. This will avoid loss esftire data sets if loggers are lost or
malfunction through the winter. In locations whgear-long deployment was not possible due to
environmental conditions, loggers were deployethatbeginning of the summer and retrieved
prior to ice build-up. Agency staff stationed aé tthosen locations were asked to periodically
monitor the loggers and report any problems thager

The HOBO Pro v2 water temperature data logger vgasl at U.S. sites and the Onsite Tidbit
was used at Canadian sites. Installation locatioeaah site was contingent upon local water
conditions; water depth, freshwater input, andrriedth. At each new site, GPS coordinates
were recorded, details of data logger placemeanliding in-river depth, distance from the river
bank, and landmarks along the banks, were notemtpgtaphs were taken, and if necessary, a
float demarcating the location of the instrumenswiilized. Every effort was made to situate
monitoring equipment in well-mixed areas in orderatcurately represent in-river temperature
(see von Finster 2010). Each data logger was pmogesd to record water temperature hourly,
24 hours per day, 7 days per week, from the timgepfoyment until retrieval. Hourly sampling
ensured that minute changes in temperature thraughe day were recorded and accurately
reflected the temperature regime at that sitedath was downloaded upon logger retrieval and
imported into Excel spreadsheets that can be iraganto the database.

DATABASE DEVELOPMENT

The development of an information repository, @dah SQL Server, was initiated to store all
available temperature data compiled during thigegstoand will include data across agencies
including ADF&G, USFWS, USGS, BLM, the Yukon Rivétanel and DFO. The water

temperature data will be incorporated into the tagsADF&G AYK Database Management

System (DBMS). All data will be imported in a standized format, thus making all data

comparable both within and across years and lawatioVhen completed, the data will be
accessible to other staff and the public via a vtelsterface as part of the DBMS and will aim

to present temperature data as clearly as posBibither, database development will be ongoing
and we will endeavor to continuously update theteainevery year.

RESULTS

TEMPERATURE DATA INVENTORY

Alaskan Projects

Through collaboration with USFWS, USGS, and oth®F&G staff, data were compiled from
21 locations throughout the Yukon River drainagab{& 1). However, this list is not yet
complete, as data from 2010 are not yet finalized some sites are missing historical data.
Water temperature data were collected using twonmaethods: a thermometer and a data
logger. When thermometers were used, temperatusecalfected either daily or twice daily.
Temperature was monitored at a variety of frequendrom data loggers, including hourly,
every four hours and every six hours. Mean dailyewgemperatures from the 2010 season are
presented for Pilot Station (Figure 1), Eagle (FégR), Anvik (Figure 3), Sheenjek (Figure 4),
and Rampart Rapids (Figure 5). From sites presdmtes] water temperatures were warmest at



Eagle, reaching over 21°C (Table 2). This high terafure was observed between July 25 and
August 4 when temperatures varied by nearly 101Qu¢E 2). Among the four sites, the contrast
between minimum and maximum daily temperatures \gesatest at Anvik, with daily
fluctuations of 5 and 6°C for July 9 and 10, respety. Water temperatures were cooler in the
Sheenjek River, less than 13°C, and decreasedhéoduration of the monitoring period. Daily
mean, maximum and minimum temperatures were meuitat the Rampart Rapids fish wheel
and are presented in Figure 5; the overlappingdtieres are indicative of a well-mixed water
column at this site. Seasonal maximum and minimemmperatures were similar to Pilot Station
(Table 2).

Canadian Projects

Data was compiled from 29 locations throughout @enadian portion of the Yukon River
(Table 3). Compared to the U.S. data, only one ateitf data collection was used, the data
logger. All deployments were seasonal, with datgérs being retrieved prior to ice build-up in
the fall. In most cases, water temperature was umedsourly each day for the duration of the
deployment. DFO was the main agency involved inectihg these data, however, the Ta’an
Kwach’an Council established several monitoringtistes in 2010 within their Traditional
Territories. Many of these stations are not assediavith assessment projects, as compared to
the U.S. sites where temperature is typically messin conjunction with an already established
project. Hourly water temperatures collected fréva Yukon River mainstem upstream of Lake
Laberge (Figure 6) indicate fluctuations of up t&6within the summer season. Data from a
large tributary, Takhini River, indicated fluctuatis in temperature of a few degrees over several
days (Figure 7). In contrast, larger daily fluctaas were seen the smaller tributary, Fox Creek
(Figure 8), similar to the Sheenjek River in AlasWdater temperatures within the Teslin River
at Hootalinqua showed similar fluctuations to Eagleith maximum summer season
temperatures reaching over 19°C (Figure 9).

DATA COLLECTION

Alaskan Sites

The field work for this project was completed byghgt 1, 2010 and data loggers were deployed
at three locations on the mainstem Yukon: 1) Emrkp23 Mountain Village; and 3) Pilot
Station. Data loggers were sent to the Mountaitayd Test Fishery project and Emmonak for
deployment, one at each site; two more were replacel deployed at Pilot Station Sonar, one
on each bank of the river. Travel to Eagle was plaoned, but was canceled due to high water
and road closures. These sites are critical foritmong water temperature during the spawning
migration and are associated with ADF&G assesspEpects. Unfortunately, data loggers were
lost in-season at both Emmonak and Mountain Villdgas no data were collected from those
locations. Mean daily water temperature collectexinf the left bank site at Pilot Station is
presented in Figure 1.

Canadian Sites

Travel to Whitehorse and Dawson City, Yukon TergtoCanada occurred from July 20-29.
Effort was made to visit as many road-accessilsasts as possible. Collaborating with Al von
Finster, nearly 25 Chinook salmon spawning streamegks and tributaries were visited within
the Pelly, Stewart, Teslin, White and Klondike Riw#rainages. These locations included
important spawning tributaries such as the TakivieR Kluane River, Teslin River, Nisutlin



River, Nordenskiold River, McClintock River, Tatah€reek and Blind Creek. In addition, we
visited the Division of Fisheries and Oceans Bl@wkek weir to observe the project operations
and locate appropriate data logger deployment sipstream. Data loggers were exchanged at
the Nordenskiold River station and a new anchonreghod was employed following protocols
from von Finster (2010). A meeting with Rosa Brogirthe Ta’an Kwach’an Council took place
to discuss the TKC’s water monitoring efforts witttheir territory, including the Takini River
and upstream of Lake Laberge. Six priority locagiovere established after reviewing the sites
visited: Teslin River, Pelly River, 30 Mile RiveBlind Creek, Little Salmon River, and
McQuesten River. Criteria for site selection in@ddthe lack of local groundwater input,
appropriate stream bank topography, road accesgibdnd average number of Chinook
spawning at each location. Of these tributariedy dhe Teslin River is currently being
monitored for temperature by the Ta’an Kwach’an @olu All are important Chinook spawning
habitats or migration corridors, thus should be fin& suite of locations where additional
temperature data loggers are deployed in futuresyea

DATABASE DEVELOPMENT

All available temperature data is currently beicguared, organized and summarized. USFWS,
USGS, Division of Fisheries and Oceans CanadaA®#&G have all contributed datasets. The
first database organization and structure meetid fplace in early August. Meeting topics
included data organization to maximize query rasudtentify and label the data attached to each
“project”, establish the user interface and detaempublic access points, the creation of a
timeline of database completion, work assignmearid, deliverables.

A draft database structure was created within thsting Arctic-Yukon-Kuskokwim Database
Management System (AYK DBMS) and the developmetitlyé ongoing as staff time allows.
The database structure is in final draft, howeviemay change as all data is gathered and
imported. The initial data inventory has been catgad along with the initial gathering of the
data. The data has started to be reformatted attbrfed in order to be imported into the
database. This process has been slowed due toutkeobthe data and difficulty in locating
data. Lack of staff time and the necessity to i other ADF&G projects was one of the
greatest challenges to database completion. Digooggs between datasets and how data was
collected and stored among projects created clgdtewhen planning the overall structure of the
database. In addition, incompleteness of some elatpssed problems when attempting to relate
data to each other or match with specific datestames.

DISCUSSION

DATA INVENTORY

The most important aspects of this project weregsess the level of standardization across
agencies and monitoring sites, and to deploy daggdrs if possible. Only a few new data
loggers were deployed, due to time constraints @madel budgets. Results of this project
confirmed the supposition that water temperaturta gaotocols varied widely throughout the
Yukon River drainage. This was especially evidémowghout Alaska, where projects utilized
two different data collection methods and emplogedange of collection frequencies. Data
loggers were the primary data collection methotheaYukon Territory. Despite the variation in
methodology, water temperature data has successiedin collected for nearly 30 years at some
locations within Alaska, whereas the longest rugr@anadian dataset dates back only six years.



Several State, Federal and non-government org@mzahave collected and stored temperature
data over during this time period, which signifitgrcomplicated the data compilation process.
As a result, the database to house this informasiorot yet finished, nor is the list of projects
and agencies collecting these data complete. Hawdweugh networking with other agencies,
there is now new awareness that data collectioratdization is a priority.

DATABASE DEVELOPMENT

During the next phase of the project the data geipewill need to be completed before the
database structure is finalized. All datasets wékd to be reformatted and attributes added
before data can be loaded into the current drafiidse. Also, before loading data, changes need
to be made to the AYK DBMS system to incorporate niew data type. In addition, there will
need to be new projects created in the system lendéw data type added to existing project
years where applicable. Next steps for this projactude creating “projects” for data not
associated with established assessment projectsifisplly for the Canadian temperature
datasets. A new data type, called “water tempezatuill need to be incorporated into the
existing DBMS in order to access all temperaturta darough the DBMS website. Finally, data
will be imported into the system and searchableugh the online interface via the ADF&G
website. The ability to access all datasets withenYukon River drainage will facilitate future
analyses including, but not limited to, relatioqshbetween in-river temperature during parent
years and the number of return spawners.

WATER TEMPERATURE SUMMARY

Summary data from selected 2010 projects presended provide some insight as to the
temperature regimes experienced by salmon as thgsat@ upstream to spawning grounds.
Within the Yukon drainage, water temperature atnstaim locations such as Pilot Station,
Rampart Rapids, Eagle and Lake Laberge exhibittie ldiel fluctuations and temperatures
remained within a 1-2 degree range for several.ddgwever, water temperatures occasionally
exceeded 18°C, except at Lake Laberge, and remdiigtd for days at a time, potentially
impacting salmon movement upstream due to thertredss (McCullough 1999). In areas where
the water column is well mixed, such as Rampartid&gaphere may be limited cold water refugia
for holding salmon, thus increasing physiologidaéss and prolonging exposure to potentially
lethal temperatures (McCullough 1999). Rapid dighrges in temperature where salmon are
exposed to elevated temperatures for a brief tsueh as occurred in the Anvik River and Fox
Creek, may also impact adult survival (McCullougd®9). The results of this project indicate
that salmon within the Yukon drainage may be exgmaing thermal regimes at the upper end of
their physiological tolerance. Exposure to theswatied water temperatures likely puts adults at
risk for increased pre-spawning mortality or spawnifailure (Schreck et al. 1994). This
knowledge further highlights the importance of ntoring water temperature within the Yukon
River mainstem and tributaries to better understhedchanges occurring and their impacts on
salmon.
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Table 1.-Water temperature monitoring sites withenU.S. portion of the Yukon River drainage.

0T

Number
Location of years Collection frequency Annual/Sewdo Technology Agency Project Watershed

Andreafsky 2 hourly seasonal data logger USFWS weir Lower Yukon
Anvik 14 daily seasonal thermometer ADF&G sonar Eeowukon

every 6 hours seasonal data logger ADF&G Lowakon
Beaver 2 hourly seasonal data logger USFWS Uppé&oiY
Big Eddy 25 twice daily seasonal thermometer ADF&G test fish Lower Yukon
Chandalar 1 hourly seasonal data logger USFWS weir Upper Yukon
Chena 2 hourly seasonal data logger USFWS Middleo¥
Eagle 6 daily seasonal thermometer ADF&G test fish Upper Yukon

hourly; every 4 hours data logger ADF&G sonar

Emmonak unknown seasonal data logger ADF&G Loviewon
Galena 2 hourly seasonal data logger USFWS Lovudol
Henshaw 1 hourly seasonal data logger USFWS Middleon
HulaHula 1 hourly seasonal data logger USFWS Middikon
Kantishna every 4 hours seasonal data logger ADF&G Lower Yukon
Middle Mouth 25 daily; twice daily seasonal therneter ADF&G test fish
Mountain Village 1 hourly seasonal data logger YD  testfish Lower Yukon
Pilot St. 15 daily seasonal thermometer ADF&G fiestt Lower Yukon

every 4 hours data logger ADF&G sonar
Rapids 1 hourly seasonal data logger USFWS Middleon

Stan
8 hourly seasonal data logger  Zuray video wheel  Middle Yukon

Salcha 2 hourly seasonal data logger USFWS Middleon
Selawik 2 hourly seasonal data logger USFWS
Sheenjek 30 daily seasonal thermometer ADF&G sonar Upper Yukon

every 4 hours data logger ADF&G Upper Yukon
Tanana 1 hourly seasonal data logger USFWS tést fis Middle Yukon

Tolovana 1 hourly seasonal data logger USFWS Middikon




Table 2.—Seasonal minimum and maximum water tertyrexa for select Yukon River locations
within Alaska and Canada, 2010.

Country Location Dates monitored Water temperatie,
Min Max
u.s.
Pilot Station (left bank) May 29 — September 7 610. 18.6
Anvik River July 2 — July 27 10.1 19.3
Rampart Rapids fish wheel June 16 — September 20 49 18.6
Sheenjek River August 19 — September 26 2 12.3
Eagle July 3 — October 6 3 21
Canada
Mainstem downstream of Lake Laberge May 28 — Sebtz 14 5.5 16.7
Takhini River June 16 — September 13 8.9 17.4
Fox Creek June 16 — September 13 6.1 17.8
Teslin River at Hootalinqua June 23 — SeptemMer 1 10.5 19.2
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Table 3.—-Water temperature monitoring sites withenCanadian portion of the Yukon River drainage.

Number
Location of years Collection frequency Annual/Seado  Technology Agency Project Watershed
Caribou Creek 1 hourly seasonal data logger DFO pedyukon
Chandindu River 2 hourly seasonal data logger DFO Upper Yukon
Christmas Creek 1 hourly seasonal data logger DFO Upper Yukon
Clinton Creek 3 hourly seasonal data logger DFO pedpyukon
Croucher Creek 5 hourly seasonal data logger DFO ppeuYukon
TKC
Deep Creek 1 hourly seasonal data logger TKC UNpé&on
Fifteen Mile 1 hourly seasonal data logger Bill idenk Upper Yukon
Fishing Branch 2 hourly seasonal data logger DFO ir we Upper Yukon
Flat Creek 1 hourly seasonal data logger TKC Upheon
Fox Creek 5 hourly seasonal data logger DFO Uppdon
Grayling Creek 1 hourly seasonal data logger DFO ppe&yd Yukon
Horse Creek 1 hourly seasonal data logger TKC UNpé&on
Joe Creek 1 hourly seasonal data logger TKC Up&on
Klondike River 6 hourly seasonal data logger DFO naso Upper Yukon
Bill Kendrick
Klusha Creek 2 hourly seasonal data logger DFO edpjpikon
Laberge Creek 1 hourly seasonal data logger TKC pedyukon
Laurier Creek 1 hourly seasonal data logger TKC pa&spYukon
Mayo River 3 hourly seasonal data logger DFO Upfagdon
Mica Creek 1 hourly seasonal data logger DFO Upfeion
Mickie Creek 3 hourly seasonal data logger DFO éspfukon
fish
Sheep Rock 6 daily seasonal data logger DFO wheel Upper Yukon

-continued-
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Table 3.—Page 2 of 2.

Number
Location of years Collection frequency Annual/Seedo  Technology Agency Project Watershed

Takhini River 1 hourly seasonal data logger TKC peipYukon
Tatchun Creek 1 hourly seasonal data logger DFO peuUjukon
Teslin River hourly seasonal data logger DFO, TKC Upper Yukon
Willow Creek hourly seasonal data logger DFO &ippukon

Yukon River
near Lake Laberge 1 hourly seasonal data logger TKC Upper Yukon
at Whitehorse hospital hourly seasonal datalogge TKC Upper Yukon
above Klondike River 1 hourly seasonal data loggemBill Kendrick Upper Yukon




Pilot Station RB, 2010
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Figure 1.-Water temperature at Pilot Station, Adas#uring the 2010 season. Data was collected

every four hours at the right bank sonar site.
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Mean daily water temperature at Eaglaskd, during the 2010 season. Data was collected

Figure 2.
every four hours at the sonar site.
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Anvik River, 2010
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Figure 3.-Water temperature for the Anvik Riverl@0Data was collected every six hours at the

sonar site.

Sheenjek River, 2010
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Figure 4.—Mean daily temperature for the SheenjekriR2010. Data was collected every four hours

at the sonar site.
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RampartRapids, 2010
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Figure 5.-Mean daily water temperature comparedn&aximum and minimum taken at Rampart
Rapids fish wheel project, 2010.
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Figure 6.—Water temperature from directly upstreainLake Laberge within the Yukon River
mainstem, Yukon Territory, 2010.
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Figure 7.-Water temperature from Takhini River,riautary to the Yukon River, in the Yukon

Territory.
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Figure 8.—~Water temperature from Fox Creek, a tailyuto the Yukon River, Yukon Territory.
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Figure 9.—Water temperature from Teslin Riverjlautary to the Yukon River, Yukon Territory.
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