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The following annual report is the culmination of a year of extensive field work and research. Funding for
projects was provided though the Pacific Coast Salmon Recover Fund (PCSRF), B.I.A 638, Pacific Salmon
Treaty (PST), Forest and Fish, TFW, Puyallup Tribal Funding, King County Flood Control District
cooperative watershed management grant and the Puget Sound Energy Electron settlement fund.

Additional data incorporated into this report was provided by Mt. Rainier National Park staff (MORA-
U.S. National Park Service), Washington Department of Fish and Wildlife (WDFW), and the U.S. Army
Corps of Engineers (USACE).

The updated written material and data contained in this report supersedes and replaces all previous
annual reports. Data represented may be revised as new or additional information becomes available.
While the authors believe the contents of this report are accurate, readers should not presume and are
encouraged to verify the information in this report through additional sources.

An electronic format of this report is available at: http://puyallup-tribe.com/fisheries/adult research.html

The reproduction and single use of images contained within this report is permitted. Proper credit shall
be given, and each image must be credited separately.
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Puyallup Tribe: Mission Statement

“The Puyallup Tribe of Indians is committed to protecting and exercising
the inherent and inalienable sovereign rights of the Tribe and individuals
in the interests of the Medicine Creek Treaty Territories, as stewards to
ensure the preservation of our cultural and environmental integrity for
common good and prosperity of all.”
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INTRODUCTION

About This Report
The Puyallup Tribe’s Fisheries Department goal is to: “preserve, protect and enhance salmon (s¢adadx")

populations throughout all usual and accustomed areas (U&A); in company with, the water resources and
habitat that determine their viability.” It’s the department’s goal to fulfill its obligations by leading and
participating in habitat restoration efforts, harvest management/policy, fish enhancement/recovery pro-
jects; as well as, research and monitoring activities. Puyallup Tribal Fisheries produces this report annu-
ally to convey fisheries information and data associated with tribal research, monitoring and enhance-
ment projects. The updated written material and data published in this report is intended to supersede
and replaces all previous annual reports. Data represented may be revised as new or additional infor-
mation becomes available. The adult salmonid (sal-mo-nid) escapement information and data presented
within this report largely focuses on tributary and mainstem river reaches identified as supporting the
majority of adult spawners. This report is organized alphabetically by stream, project or facility name. If
applicable, each includes river miles surveyed, the WRIA designation number, as well as a brief descrip-
tion. Spawning ground escapement data is graphically represented by species and illustrates the season-
al total(s) of live fish, dead fish, and redds observed; as well as Chinook carcass sampling results. In ad-
dition, annual species comparisons are presented when three or more years of survey data is available;
however, all raw survey data for each stream and river surveyed can be found in Appendix B. Also incor-
porated into this report is information and data collected from several other Puyallup Tribal Fisheries
(PTF) projects including fish monitoring and sampling at the U.S. Army Corps of Engineers (USACE)
Fish Passage Facility (FPF) on the White River (Buckley Trap); fish monitoring/sampling at Electron Hy-
dro’s fish collection facility (Puyallup River); the Puyallup Tribal Fisheries juvenile salmonid production
assessment projects (smolt traps) on the Puyallup and White rivers; as well as, the Puyallup Tribe’s oper-
ations of two salmon hatcheries located on Clarks and Diru creeks (lower Puyallup River). Additional da-

ta in this report was provided by Mt. Rainier National Park (MORA), F
Department of Fish and Wildlife (WDFW), the U.S. Army Corps of Engi- " :
neers (USACE), and Electron Hydro LLC. e b
. | R
i ,-:". i y
Puyallup/White River $ A

Watershed Description

1\_ ¥ 'k

The availability and nature of ¥ bﬁg
fish and stream habitats are jﬂ '
frequently altered. The habitat L‘“ Sﬂﬂmﬂ
descriptions in this report provide a
general analysis of habitat conditions
and fish utilization, however, descriptions
are not intended to fulfill the requirements

of a rigorous biological L 'y
assessment /evaluation. W
The Puyallup/White River Watershed is v i

P 3

identified as Watershed Resource Inventory 1 2
Area 10 (WRIA 10) by the Washington State %%
Department of Ecology (right image). Hylebos and % i
Wapato creeks are part of WRIA 10, yet are independent drain- h
ages that flow directly into Commencement Bay. The i
Puyallup/White River Watershed provides over 1,300 linear river .fﬂ-l .
Image designed by Angela Dillon (PTF)
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miles (RM) of drainage over an area greater than 1,000 square miles. The Puyallup, White and Carbon
river basins fall almost entirely within Pierce County; though, part of the White River drainage falls with-

in South King County. All three river systems originate from north and west slope glaciers situated on
Mt. Rainier. The Carbon and White rivers converge with the Puyallup River at approximately RM 17.8
and RM 10.4 respectively.

The White River is a significant tributary to the Puyallup River, with a drainage area larger than the
Puyallup itself. However, the White and Puyallup drainages are often viewed and managed as two dis-
tinct entities. This management approach is due in part because prior to 1906, the White River did not
flow directly into the Puyallup. Prior to 1906, the majority of the White River flowed north, where it even-
tually joined with the Green River. Despite this northern course, some of the water from the White often
flowed south into the Puyallup through the Stuck River channel. In November of 1906, a flood event mo-
bilized a tremendous amount of woody debris that blocked the north flowing channel in what is now
downtown Auburn. The blockage forced the river to avulse and find a new channel. This newly created
diversion sent nearly the entire White River flow down through the Stuck River channel into the
Puyallup; more than doubling the size of the Puyallup River drainage. In 1915, a concrete diversion
structure was constructed; thus, permanently diverting the White River into the Puyallup. The Puyallup
River continues flowing 10.4 miles west from its confluence with the White River until it reaches Com-
mencement Bay in the city of Tacoma. An extensive system of levees, approximately 90 miles, was con-
structed along the Puyallup, White, and Carbon rivers from the early-to-mid 20th century. Several signif-
icant fish bearing tributaries feed these mainstem rivers including; the West Fork White River, Clearwa-
ter River, Greenwater River, Mowich River, Huckleberry Creek, Boise Creek, and South Prairie Creek.

The West Fork White River enters the White River at RM 49.2 on the left bank, is glacially driven, and
characterized by generally unconfined, anastomosing channel networks. Abundant spawning gravels are
present in pool tail-outs, as well as the channel margins and low velocity areas along the lower river.
Woody debris is abundant although much of it has been deposited too high to interact with the regular
seasonal flows. To a great extent, the overstory riparian zone is either second growth conifer or hard-
woods; except for the zone through Mt. National Park with consist of mostly old growth.

There are approximately 5 river miles between Mud Mountain Dam (earthen flood control dam) and
the U.S. Army Corps of Engineers’ (USACE) Fish Passage Facility (FPF) located downstream. The
USACE operates both Mud Mountain Dam (MMD) and the FPF located at RM 24.3 on the White River in
the city of Buckley. Pacific salmon (Onchorynchus spp.), bull trout (Salvelinus confluentus), and other na-
tive fishes (mountain whitefish -Prosopium williamsonti) and cutthroat (O. clarki) migrating to the upper
White River enter this trap and are transported and released approximately 2 miles upstream of MMD.
The Corps’ trapping facility is uniquely integrated into a diversion dam and flume intake that was, up
until January 2004, used to divert water from the White River to generate power (The new trap and haul
facility is estimated to begin operations in December of 2020). Since PSE ceased power production; some
measure of water has continued to be diverted from the White River by current project owner/operator
Cascade Water Alliance (CWA). CWA is a water purveyor who continues to divert water to maintain the
water levels and water quality in Lake Tapps (screened for fish exclusion since May, 1996).

The Puyallup, White, Carbon, and Mowich rivers originate from glaciers located on Mt. Rainier. Each
of these river systems convey tremendous quantities of fluvial materials which extensively contributes to
their dynamic configuration. The high sediment loads are responsible for the anastomosing (braided
channel morphology) characteristic of broad unconfined upper valley segments which are quite prevalent
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throughout the upper reaches. Channel gradients in the upper basins are typically moderate, with a high
riffle-low pool character. River and stream bedding consists mainly of Tertiary sedimentary rock and

other products created by ancient volcanic activity. Substrate size within active river channels is typical-
ly large; consisting primarily of large gravels, cobble and boulders. Significant quantities of LWD are
present within channel migration zones; however, a considerable amount of the larger wood settles on the
higher bars and is detached from, or perched well above active channels during average flow regimes,
thereby reducing any habitat creating interactions. Headwater tributaries are typically non-glacial and
are characterized by confined, steep valley chan-

nels, with comparatively short anadromous reach-
es of low-to-moderate gradients.

The Puyallup River has been severely impacted
by over a century of land and water resource ex-
ploitation, including damming and substantial wa-
ter diversions; considerable riparian alterations;
dewatering and low instream flow regimes; as well
as, significant channel manipulation. These im-
pacts have lead to a discernible deterioration in
the land and hydrological behavior of this river
system by causing water flow of poorer quality,

quantity and timing. Several limiting factors have :
been recognized and accepted with regards to the healthy functlon of stream habitat and salmonid popu-
lations in the watershed. Limiting factors include lost or diminished habitat connectivity and migration
corridors; fragmentation and reduction of habitat quality; diminished water quality; fish entrainment;
entrapment; unknown species interactions and climate change impacts.

The river channel downstream of the National Park boundary courses through private and National
Forest land. Most land bordering the river is primarily held by private timber and hydro power company
ownership’s. As a result, a prolific transportation network of roads extends throughout the basin. The
transportation network within the Upper Puyallup Basin consists almost entirely of unimproved roads
developed and utilized primarily for timber harvesting; as well as, hunting, recreational activities, hydro-
electric operations, and wildlife/fisheries applications. Road density in timber production areas may ap-
proach as much as six lineal miles per square mile. Current road networks and bridge emplacements

along the Puyallup and Mowich rivers directly inter-
act or alter the hydrology within the upper basin.
Roads have contributed many of their trademark
problems such as landslides, slope failures, altered
hydrology; as well as, culvert and bridge projects
which can effect upstream migration and increase
levels of sedimentation within effected drainages;
however, improvements to bridge approaches and
culverts have been made. Although timber man-
agement has contributed a great deal of habitat deg-
radation, the greatest negative impact on fish has
been the Electron hydroelectric project (see Electron
Hydro Fish Collection Facility section in this report).

Uppe_i‘ Puyallup Rivér g
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Near channel-spanning water diversion dam/spillway, unper-
mitted rock dam/fill (right of wooden spillway and in place

)

s 2 o o

Due to the presence of the Electron Diversion Dam, approximately 26+ of stream habitat located
in the Upper Puyallup Basin (upstream of RM 41.7) was void of upstream migratory anadromous salmon-
ids from1904-to-2000. Upstream connectivity was reestablished in the fall of 2000 with the completion of
a 215’ fishway/ladder (cost: $1.1 million). The Electron hydroelectric project is the only human-made

L B
miles

structure that continues to severely impact survival; as well as, upstream and downstream migration of
salmon, steelhead and bull trout. Currently, the Electron project involves a near channel spanning water
diversion dam/spillway (top image), and a unpermitted rock dam/fill (in place since October 2020-pg. 11); a
10.1 mile of flume/flow line; a settling basin for sediment removal (also called Lizard Lake); a forebay for
water storage (approximately 124 acre-ft); fish collocation facility (fish trap); a power generation station
(power house), and transmission equipment. In 1997, the Puyallup Tribe entered into a Resource En-
hancement Agreement (REA) with Puget Sound Energy (Puget Sound Energy and Puyallup Tribe of Indi-
ans 1997). The REA initiated fisheries restoration efforts within the project affected area and is sched-
uled to expire at the end of 2026.

The REA includes provisions for the maintenance of minimum instream flows (MIF) within the project
bypass reach (a 10.5-mile section of the river, from the diversion to the power house, formerly subjected to
extreme/total water withdrawal). Under the REA, Electron Hydro will provide 60-cfs year-round in the
bypass reach. This increases to 80-cfs during the four-month period from July 15-to-November 15. The
MIF was not based on any scientific determination. Depending on timing, manipulations in flow regimes
through the bypass reach can have deleterious effects on fish by altering habitat availability and connec-
tivity, dewatering of redds, and water temperature. Completion of the 215-foot roughened channel with
chevron weirs fish ladder was the centerpiece of the REA. Viable fish habitat must be accessible to realize
full production potential. The fishway is designed to operate with at least 40-cfs and incorporates a modi-
fied weir and rock design. Electron Hydro had effectively maintained fish passage through the ladder since
purchasing the project in 2014; however, upstream fish passage has been seriously obstructed since July
2020 due to major construction and modification to the diversion dam structure.

The inability of anadromous fish to access habitat above the Electron Dam prior to 2000 has in all
likelihood biased the scrutiny and regulatory oversight of past land use, forest practice and road construc-
tion/maintenance actions. Manulife Investment Management Timberland and Agricultural, Inc. (Formal-
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ly Hancock) is the primary private landowner/land manager in this WAU but the federal government has
considerable holdings as well. The bulk of the Forest Service ownership is contiguous with the Mount

Rainier National Park and located on the east headwaters. Several index tributaries, in addition to nu-
merous unnamed wall base tributaries converge with the Puyallup and Mowich rivers, providing prime
salmonid spawning, rearing, and foraging habitat.

The long-standing presence of private industry, primarily hydroelectric and commercial timber har-
vesting; in addition to, the repercussions of recreational usage and negative air and water quality have all
created lasting impacts on the upper watershed. These impacts include; loss of in-stream large woody de-
bris and LWD recruitment; stream bank modifications; increased sedimentation issues and slope failures
due to deforestation; unsatisfactory RMZ management; new road construction; road failures, and road de-
commissioning or abandonment. A great deal of the forestland throughout the Upper Puyallup Basin has
been harvested multiple times, leading to many of the wide-ranging issues common with deforestation
and land degradation. Air and water quality issues vary from measurable levels of airborne contami-
nants which have been detected in Mt. Rainier National Park; including heavy metals and pesticides dis-
covered in samples of snow, soil and fish (Landers et al. 2008).

Electron Hydro’s project (non-FERC licensed) directly diverts up to 400 cfs. of water (not screened
to prevent fish entrainment) from the Puyallup River at RM 41.7. This operation contributes, in whole
or in part, too many of the impact issues previously stated. For 96 years the diversion dam completely
severed upstream access for anadromous salmonids, and isolated the population(s) of bull trout and
other salmonids established throughout the 26+ miles of habitat upstream of the structure; thereby,
stemming the genetic flow from bull trout (populations) located elsewhere in the basin or watershed
for multiple generations. Prior to 1998, no methods were established or employed to remove fish en-
trained in the project, and as a consequence, fish losses were colossal. In 1998, PSE began operating a
fish trap to help address the fish losses associated with the project; the effect on fish survival was neg-
ligible. Since purchasing the project in 2014, Electron Hydro has made frequent assurances towards
addressing the continuous fish losses associated with the project. However, as of the printing of this
report, no improvements to fish protection measures have been made and the project is considered one
of the most significant threats to fish survival and recovery in the watershed.

Turf and Crumb Rubber Discharged into the Puyallup River and Unpermitted Rock Dam
From August 10, 2020, tribal fisheries biolo-
gists have been extensively involved in the

Web Map Application
Locations of Impermissibly Discharged Materials into the
search, recovery, and documentation of the un- Puyallup River as a Result of Electron Hydro's Operations
permitted, and permitted construction/fill mate- | (URL):
https://puyalluptribe.maps.arcgis.com/apps/instant/attach
. . . . mentview-
sibly discharged into the river and downstream, | o /indexhtml?appid=ae9d997f28864feehdefe25a8adf0262
during its late July 2020 construction of a flow

bypass channel located at the fish ladder/headworks (“project”) site (see web map link on right). Subse-

rials utilized by Electron Hydro, and impermis-

quently, as reported by Electron Hydro, approximately 617 square yards of the materials utilized to con-
struct a three layered river bed “liner” were discharged downstream from the project site when the HDPE
and geotechnical fabric; as well as, the turf placed under the HDPE and fabric tore away in the river flow.
Discharged materials included, but were not limited to, artificial grass turf (generally comprised of

a polyethylene plastic), crumb rubber (derived from vehicle tires), High Density Polyethylene plastic sheet-
ing (HDPE), and geotechnical fabric (made from either polypropylene or polyester plastic).
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Over the three months following Electron Hydro’s dis-
charge of materials into the river (July 2020), it was clearly
evident they were not meeting their obligation of thoroughly
cleaning-up discharged materials from the river. On No-
vember 12, 2020, tribal fisheries initiated what would be a
broad and concerted effort to find, remove, and document
Electron Hydro’s discharged materials. Although it was not
the responsibility of the Puyallup Tribe to clean up damages
caused by Electron Hydro, the tribe was compelled to do
what was necessary, and what was right for the river envi-
ronment and fish populations. After only a brief recovery
effort, Electron had repeatedly claimed it had cleaned-up
construction materials that were placed, discharged, and
released downstream in the River. Based on tribal biolo-
gists observations, since August of 2020, significant
amounts of material remained throughout the river, on its

banks, hung up in vegetation, and even buried in the sub-

strate within and near the project site. Tribal fisheries biologist holding one of many large
turf mats recovered from the Puyallup River. Note,

the Electron site is directly visible in the background.

Over the next roughly 14 months (November 12, 2020 This turf mat (7x3.5 feet) was recovered March 22,
through February 4, 2022), fisheries biologists discovered 2021; several months after Electron Hydro had de-
substantial quantities of turf fibers, intact turf pieces and clared the river was cleaned-up.
turf mats, HDPE plastic liner, crumb rubber, and geotechnical fabric. The Tribe’s recovery of liner mate-
rials has been documented and catalogued with over 2,200 images and videos. Over the course of recov-
ery, these liner materials were found dispersed throughout the river, from the project site (RM 41.7),
down into the Puyallup Tribe’s reservation reach on the lower Puyallup (approximately RM 2.9). All ma-
terial types were found hung-up/caught on rocks, vegetation, woody debris, log jams, root wads, or buried
to some extent in the river channel substrate. The Puyallup Tribe later discovered in February 2022, that
3 ' significant quantities of construction (liner) materials, includ-
ing turf and crumb rubber, were not removed during Electron
Hydro’s post-construction removal process, but were purposely
left buried in the substrate at the project site. The buried liner
materials were observed only after 18 months of scouring river
flows began to expose them.

Removing intact turf pieces and larger turf mats was cru-
cial due to the sheer number of fibers that would be dispersed
throughout the river as the turf backing, the material that
holds the fibers in place, degraded. Intact turf has approxi-
mately 72 fibers per square inch, with each fiber generally being between 4.5-to-6 inches in length. This
equates to over 10,300 fibers per square foot of turf material. The turf and HDPE materials recovered

have shown themselves to be extremely resilient, even after 18 months in the river. However, eventually
these material will break down into smaller fragments (nanoplastics & microplastic). Plastics discharged
into the aquatic environment threaten fish and other aquatic organisms due to the fact these materials do
not biodegrade, but only break down into smaller pieces fish and other organisms can ingest. Plastics in
the aquatic environment absorb or collect bacteria and toxic pollutants like DDT, PCB’s and metals. Sci-
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entific investigations have found that fish are ingesting these toxins when they ingest plastic, resulting in

the bioaccumulation of the chemicals up the food chain.

In addition to the turf, plastic fibers, crumb rubber, HDPE liner and construction materials left in the
river, Electron also constructed a rock dam, with an anchored sheet pile wall, as part of its final work to
remove the turf in the fall of 2020. The Tribe was told that the rock dam would be removed within a year.
However, no further complete permit applications were submitted by Electron to remove the rock dam,
and it remains in place today. With each high flow event, however, the dam is moved, along with sedi-
ments placed within its voids, and that unpermitted fill is moved downstream. Tribal fisheries biologist
made several site visits during the winter and spring of 2021-2022, and found the rock dam had trans-
formed, as the Tribe predicted and similar, if not worse than the previous year, due to the seasonal flows.
It was unfortunate that changes lead to the potential for fish passage to be even worse than 2021.

The area of large rock that was added downstream of the sheet pile dam has been stripped of all fine
gravel, cobble and small rubble as predicted (lower right image). What remained is highly angular boul-
ders, with large voids that create an abrupt obstruction and provide little or no pool features that would
allow for fish to stage a jump or to otherwise make successful passage upstream. Even if a fish could
clear the required 6’ vertical clearance at the steel sheet pile of the rock dam, while not impossible, is far

from ideal much less desirable IRl rock dam/fill con-

for a facility whose fish pas- structed by Electron Hydro which
has been in place since late Octo-
ber 2020. :

sage systems have been re-
peatedly called into question.

The fact that so much flow
goes over the sheetpile dam

contributes to the attraction of
upstream migrating fish. This
very effectively leads to their
exhaustion, injury and in all
likelihood reduces their
chances at reproducing suc-
cessfully. These feature are
antagonistic to the collective
efforts of many toward stock
recovery and naturally repro-
ducing populations of fish in
the upper-Puyallup River. The

g

rock dam itself is a barrier to
fish passage, the increased height of the steel structure, which was not installed as permitted to begin
with, now completely blocks fish passage. Furthermore, the rock dam continues to be a false attraction
and dead end for fish searching for upstream passage around the project.

In addition to the continued problem associated with the rock dam, the flow over the wood crib struc-
ture had created a high velocity and turbulent condition which is naturally more attractant to fish and
was highly likely encumbering fish from finding the fishway entrance. This makes it very unlikely fish
could find the fish ladder even on the right bank.
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Watershed Salmonids

The Puyallup/White River Watershed supports several species of native salmonids, including Chinook
(Oncorhychus tshawytscha), coho (O. kisutch), chum (O. keta), pink (O. gorbuscha), sockeye (O. nerka),
steelhead/rainbow (O. mykiss), cutthroat (O. clarki), bull trout (Salvelinus confluentus), mountain white-
fish (Prosopium williamsoni); as well as non-native brook trout (S. fontinalis) and brown trout (Salmo
trutta). Both listed in 1999, Puget Sound Chinook and Coastal-Puget Sound bull trout are currently
listed as threatened under the U.S. Federal Endangered Species Act enacted into law in December of
1973 (ESA Law: https://www.gpo.gov/fdsys/pkg/STATUTE-87/pdf/STATUTE-87-Pg884.pdf). In May of
2007, the National Marine Fisheries Service (NMFS) announced the listing of Puget Sound Steelhead as
threatened under ESA. The ESA listing of steelhead offers protection for naturally spawned steelhead;
however, it does not offer protection for rainbow trout, the fresh water resident form of the species.

Each of the eight Pacific salmonid species present in the Puyallup/White River system exhibits unique
life-history strategies. However, the five major Pacific salmon species (Chinook, coho, chum, pink, and
sockeye) all share some common life-history characteristics. Pacific salmon are all anadromous; meaning,
fish spawn and reside in fresh water; however, the instream residence time varies considerably by and
within species. Salmon will eventually emigrate to marine waters (smoltification) where they will contin-
ue to forage and grow until they return to fresh water as mature (developed gonads) or immature (unde-
veloped gonads) adults, or jacks (males), to reproduce. Furthermore, these species will only reproduce
once (semelparous) during their life cycle. This single reproductive event requires tremendous amounts of
energy and effort; as well as, proper spawning site selection to be successful. Therefore, the end result of
this reproductive strategy is that all five major species of Pacific salmon will die as a result of this repro-
ductive process. Nevertheless, this sole reproductive strategy is very successful due to the considerable
degree of energy put into producing vast amounts of gametes (eggs and sperm), thus ensuring the survival
of at least some offspring. Other salmonid species; such as steelhead, cutthroat, and bull trout, may re-
produce more than once (iteroparous) throughout their respective life phases.

All female salmonids are oviparous (/0 viparas/: producing eggs that hatch outside the body), and dur-
ing the act of spawning the male and female will release gametes in a simultaneous effort. Eggs released
by the female drift to the bottom and are actively buried in the substrate creating an egg pocket. A redd
is the excavated site formed in the substrate from multiple spawning events and typically contains sever-
al egg pockets. The rate of development and growth varies between species and is greatly influenced by
water temperature (Piper et al. 1986; Groot and Margolis 1991). As fish age, they lay down annual
growth rings on their scales, these scales are often collected to determine age; as well as important
growth, environmental, and life history factors.

Early Salmonid Development
During the act of spawning, males and females release gametes (eggs and sperm) in a synchronized
effort. The fertilization of eggs occurs rather quickly. The membrane surrounding each egg is gas perme-

able and is initially quite malleable. Penetration of a single spermatozoon into the egg (through the mi-
cropyle) will create a reactionary process preventing the infiltration of additional spermatozoa. However,
once eggs exit the female and are exposed to water, each egg will begin to take up water causing the in-
ternal pressure of the egg to increase and swell (Alderdice et al. 1984). This process causes the outer
membrane of the egg to firm up or “water harden”; whereby, closing the micropyle and preventing fertili-
zation in as few as 30 seconds (Groot and Margolis 1991). Once an egg is fertilized it goes through three
phases of development prior to hatching (cleavage, epiboly, and organogenesis). Some of the water
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properties influencing salmonid egg survival and development are temperature, dissolved oxygen, and

velocity (McNeil 1966; Leman 1993; Peterson and Quinn 1996). The rate of development and growth var-
ies between species, and is significantly influenced by water temperature (Piper et al. 1986; Beacham and
Murray 1990; Groot and Margolis 1991). For example,
coho salmon take 50 days to hatch in water that
1s 10°C (50°F); other Pacific salmon species
take between 47-65 days to hatch at the
same temperature. Stream bed char-

acteristics and water properties are

additional factors that are impera-
tive to the survival and develop-

ment of salmonid eggs and larvae.

Pacific

Upon hatching, young salm-
onid larvae (alevins ['alovon])

Salmon

Life Cycle

are not fully developed and are
unable to feed; therefore, they
remain within the interstitial
spaces of the gravel substrate

" transition
while continuing to grow and fur- . freshwate
ther develop. Young alevins do, how-
ever, possess a considerable yolk sack
necessary to fuel their prolonged growth
and developmental needs. Alevins are also
relatively tolerant of dewatering and low dissolved
oxygen levels for several hours after hatching. Although
buried, developing alevins have a sense of up and down (geotaxis), and if the substrate size allows, they
will often migrate vertically and horizontally throughout the substrate depending on light stimulus (Pho-
totaxis) and the level of dissolved oxygen available in the water (Heard 1964; Carey and Noakes 1981;
Groot and Margolis 1991; Quinn 2005). Alevins will migrate toward the surface of the substrate when
their yolk sacks are absorbed (buttoned-up). Emergence of the newly, or nearly, buttoned-up fry generally
occurs during late winter and early spring; however, this emergence point is ultimately dependent on the
species, ambient environmental conditions and the spawn timing of the parents.

The duration of time newly emerged fry spend instream var-
ies by species and within species (see species descriptions for
more information). Depending on the species, salmon fry will
emigrate to marine waters within days or weeks upon emer-
gence, or may remain in fresh water for an extensive period of
time to rear (several months or years). Both adaptive strategies

Chinook alevins

have advantages and disadvantages in regards to growth and
survival. Fish that emigrate early to more productive, and pos-

sibly warmer marine waters, will grow faster; yet, they face a s
higher rate of mortality due to their smaller size, as well as the substantial increase in predatlon Fish
that rear in fresh water will grow slower (less available food, colder water), but face a lower predation risk
and will be larger (lower mortality risk) when they emigrate to the marine environment.
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Anadromous salmon and steelhead will inevitably emigrate to marine waters (smolts). For young mi-
grating salmon and steelhead this process of “smoltification” is complex. Smolts will undergo behavioral;

as well as tremendous internal and/or external physiological changes including body metamorphosis, col-
oration and metabolic transformations. In addition, smolts must undergo the osmoregulation adaptations
necessary to make the transition from a fresh water environment to a marine environment. The physio-
logical process of osmoregulation involves the forceful governing of the osmotic pressure of bodily fluids in
order to maintain internal stability, or homeostasis, of the body's water content. In the case of fish, it es-
sentially prevents a fish’s bodily fluid from becoming too dilute or too concentrated with salt. Fish in
freshwater actively expel excess water to conserve salt; whereas fish in marine waters actively excrete
salt to maintain homeostasis. This process of osmoregulation is critical when making the transition from
fresh water to salt water, or when undertaking the reverse process. Fish, such as salmonids, with this
ability to tolerate and adapt to such a wide range of salinity are known as euryhaline species. Fish that
make the transition to the marine environment successfully may spend several months, or years, foraging
and growing in the more productive marine waters before returning to freshwater to spawn.

Spawning Site Selection
Spawning site selection for salmonids is critical to insure offspring survival. Stream bed characteris-

tics and water properties are important factors in the survival and development of salmonids eggs and
larvae. Some of the water properties influencing salmonid egg survival and development are tempera-
ture, dissolved oxygen, and velocity (McNeil 1966; Leman 1993; Peterson and Quinn 1996). Substrate
size and density are primary factors involved in the permeability of bottom materials (Wicket 1958;
McNeil and Ahnell 1964; McNeil 1966). Temperature dictates the rate of development and metabolic lev-
el of salmonids from earliest development through adulthood. Adequate levels of dissolved oxygen must
be present in the water to support energetic demands of growing embryos and fry. Dissolved oxygen lev-
els vary with stream topography (Peterson and Quinn 1996), as well as temperature and depth (Leman
1993). Survival depends on oxygenated water reaching the buried eggs and larvae within a redd site.
Sources of intergravel water include ground water and surface water (McNeil 1966).

Having established the fact that oxygenated water is important for survival and development; velocity
of delivery is also important (Leman 1993). Salmon may be able to detect variation in water velocity more
readily than substrate quality (Witzel and MacCrimmon 1983). The variations in velocity are often influ-
enced by different substrate types; salmonids may choose, indirectly, suitable substrate size for redd sites
based on water velocity (Shirvell and Dungey 1983). The rate of oxygen utilization varies with develop-
ment (McNril 1966; Peterson and Quinn 1996). As metabolic demands of developing salmon utilize the
available oxygen; more must be supplied. The velocity (rate) at which oxygenated water can be delivered
is largely governed by the general size and density of substrate materials. McNeil (1966) states: “The
permeability of bottom materials is a function of particle compaction, arrangement, and size.” According
to McNeil and Ahnell (1964) the velocity of intergravel water is related to the size of the bottom materials.
Smaller materials (fines) decrease the velocity of water through redds. Wicket (1958) showed that the
survival of pink and chum salmon eggs and larvae increased with the increased permeability of the
stream bed.

Spawning Behavior

Aggression is an integral aspect of spawning behavior in Pacific salmon (Oncorhychus) species
(Chebanov et al. 1983; Keenley and Dupuis 1988; Quinn et al. 1996). Several factors influence the fre-
quency and focus of male aggression, including the operational sex ratio (OSR) (Quinn et al. 1996), size of
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the male (Chebanov et al. 1983; Foote 1989; Keenleyside and Dupuis 1991), density of spawners (Cheba-
nov 1991, 1994) and an individual’s status (Schroder 1973; Chebanov et al. 1983). The OSR represents
the number of ripe (ready to reproduce) male to the number of ripe females. Variations in the OSR affect
the frequency of aggression in males; changes lead to an increase (low OSR) or decrease (high OSR) in
aggressive behavior (Quinn et al. 1996). Aggression can be displayed in several forms (Mork 1995); in-

cluding charging, chasing, biting, fighting, as well as, lateral and frontal displays. Mork (1995) reported
that lateral movements, charging, chasing, and biting were often the preferred methods of aggression dis-
played by salmon under study. Aggression is not only focused towards the same species, but other species
as well.

A male size affects his position in the hierarchal structure and his success in spawning (Chebanov
1983; Foote 1989). Larger males are more successful at securing females and are therefore more often in
the position of dominance. Females prefer to mate with larger males (Foote 1989) and may delay spawn-
ing if courted by small males. Holding a dominate position leads to increased encounters with other
males who are trying to displace him, or attempting to mate with the female (Chebanov et al. 1983,
Chebanov 1994). A change in the density of spawners leads to changes in the frequency of aggression. As
the densities of spawning fish increases, so will the number of aggressive actions (Schroder 1973; Paren-
skiy 1990); this holds true for both males and females. Furthermore, at lower densities, aggressive ac-
tions decrease.

An individual’s status may also determine the frequency and focus of aggressive actions. Schroder
(1973) describes how dominate or “Alpha” males take up positions just behind the females and shift from
side to side defending their territory and females. Satellite males line up behind the dominate male.
These sub-dominate males defend their positions in the chain. The natural drive to mate with females
often leads to aggressive interactions between

males. The success of males depends on the Soa
) . P : _ q Egg Development
level of aggression directed toward other eloen] ek sy Eais ovilop dusing fallleadly
1 heb 1 o A winter and hatch (alevines) after
males (C ebanov et al. 1983) Fe- August and may continue apuroximataly 60.75 daya
. through early November depending on water temperature.
males compete with other females
for nesting sites (Schroder 1973, ?
. . Retruning Adult/Jack
1981’ KeenleySIde and DupU.lS Spring Chinook enter the Alevin
1988). Female’s attempt to defend f’:jhﬁzii,ﬁ;iﬁfyfaﬁ%ﬁfniiﬁ" Continued development in
hei dd K h Bt i e n P substrate & yolk absorption
their nests (re 8) agalnSt other River in June. Emergence from substrate (free
. swimming & feeding) after
female’s attempts to overtake Chinook Salmon approximatley 65-75 days.
them, and guard sites to prevent .
» and gu , p , Life Cycle
superimposition (displacing or Marine/Ocean Phase
. . Chinook may spend from
covering over) of their eggs two-to-five years in salt Fry
. water before returning to ? : N
(Schroder 1981; Keenleyside and fresh water to spawn Free Swimming & Feeding
. . . Continued Growth in fresh
Dupuis 1988). Females dig their water (late fall /winter)
nests and guard them until they die,
. Smolt
or are displaced by another female e [
C ost A AncapTne Juvenile/Pre-Smolt
(Schroder 1973). Jnook will mme i i B a
marine waters in the spring ort freshwater resident

as sub-yearlings (peak out- b time.frCon}finued (?lrowth in
. migration in May, esh water (late
ChanOk Salmon (0. tShawvtSCha) e o winter/spring)
Puget Sound Chinook stocks were listed on the

federal register of endangered species in 1999, and are

currently designated as threatened. Two distinct stocks of Chinook are present in the Puyallup/White
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River system. They include the White River Spring Chinook (springer or spring-run) and Puyallup River
Fall Chinook (fall or fall-run). White River Spring Chinook are the only Spring Chinook stock existing in
the Puget Sound region and are unique due to their genetic and life-history traits (WDFW et al. 1996).
This unique stock of Chinook was classified as distinct in the 1992 Washington State Salmon and Steel-
head Inventory (WDFW et al. 1993). Microsatellite DNA analysis of Chinook from the White River shows
a distinct mixture of spring and fall-run Chinook stocks (Spidle 2010; Shaklee and Young 2003; Ford et al.
2004). Spidle (2010), analyzed 913 tissue samples collected by PTF from NOR Chinook captured in the
USACE trap on the White River from 2004-2007. Genetic samples were evaluated to calculate the pro-
portion of Spring and Fall Chinook returning to the upper White River. Results from the multilocus mi-
crosatellite genotypes analysis showed a range of 84.6% (2004) to 93.1% (2005) of samples tested were
Spring Chinook (95% confidence interval). Spidle also stated, “In addition to mixture modeling, Bayesian
lineage clustering was conducted to determine if there was

evidence for multiple populations of Spring or Fall Chi-
nook salmon, and also to look more closely at the sepa-
ration of the spring and fall populations. There was no
evidence of multiple populations within either run-
time.” Ford et al. (2004), reported that approximately
60% of Chinook smolts genetically sampled above the
Buckley diversion were spring-run, and 40% were fall-
run; whereas, smolts sampled below the dam were ap-
proximately 42% springers and 58% fall.

Spring Chinook typically enter the freshwater river
system as early as April, but have been documented as

early as March. Springers hold in the river during

a2 o & L x oatd

spring and summer while their gonads mature. Spawn- Adult fall Cin

) i ) ook (J) spawning phase.
ing commences as early as mid-August (typically Septem-

ber); with the earlier spawn timing generally occurring higher in the watershed. Adults largely return as
three-to-four-year-olds; however, the age of adult Chinook returning to spawn can range between two-to-
five years. The majority of documented spawning occurs in the mid-to-larger tributaries such as the
Huckleberry Creek, and the Greenwater and Clearwater riv-
ers. However, mainstem spawning of has been documented
throughout the upper mainstem White River by PTF biolo-
gists via radio telemetry studies (Ladley et al. 1996), and ob-
servations made during annual spawning ground surveys.
Spring Chinook spawning also occurs throughout the lower
White River (below RM 24.3), and species specification is ver-
ified through tags or markings observed during carcass sam-

pling.

Egg to fry emergence of young Chinook takes approximate-
ly 90-110 days depending on water temperature variations. The majority of juvenile Spring Chinook mi-
grate to salt water as sub-yearlings (0 age- less than one year old-next page) (Dunston 1955). DNA and
aging analysis of adult (NOR) Chinook collected from the USACE trap in Buckley and integrated into the
Muckleshoot’s White River Spring Chinook program, showed that 77% of the springers sampled migrated
to salt water as sub-yearlings (Johnson unpublished work). Aging data from 2,879 readable scale samples
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taken by PTF biologists from Chinook captured in the USACE’s FPF (1994-2008); revealed 91.73% of
Chinook sampled (springers & falls) mlgrated as sub- yearhngs

Escapement data for White
River Spring Chinook has been
collected from fish captured in the
U.S. Army Corps of Engineers’
(USACE) FPF on the White River
near the city of Buckley since
1941. After 1950, there was a
steep decline in the number of

\ Chinook sub-yearling (pre-smolt), White River.
Spring Chinook captured in the trap.

Spring Chinook escapements dropped under 1,000 fish annually after 1955; continued to decline to as few
as 66 fish in 1977, and plunged down to only 6 fish in 1986. This precipitous decline prompted the State
of Washington and South Puget Sound Tribes to implement a recovery plan in the mid-70s (WDFW et al.
1996). The recovery plan involved starting a program involving the artificial propagation of wild and cap-
tive brood stocks. Currently, there are two Spring Chinook programs in operation; the Muckleshoot Indi-
an Tribe’s hatchery on the White River and WDFW’s Minter Creek program. The White River Spring
Chinook Program at Minter Creek is going to be phased out. These artificial propagation programs in
conjunction with the use of acclimation ponds, continues to be an integral part of restoring the run to near
historic levels.

Puyallup River Fall Chinook are endemic throughout the Puyallup River, Carbon River, Lower White
River; as well as, many of the tributaries associated with these mainstem river systems. A large compo-
nent of the adult fall spawners are hatchery origin from the WDFW Fall Chinook program operated on
Voights Creek. In 2004, the Puyallup Tribe began operation of its own Fall Chinook hatchery (@RM 1) on
Clarks Creek, a tributary to the lower Puyallup River (RM 5.8). The Puyallup River Fall Chinook Base-
line Report (WDFW 2000) states that genetic testing has shown similarities in both hatchery and wild
Puyallup River Fall Chinook, with those of Chinook stocks found in several other watersheds within the
Puget Sound region. The similarities are likely due to significant numbers of Fall Chinook imported to
these watersheds from the Green River hatchery. Although Spring Chinook are known to spawn in the
Puyallup River system, the straying rate is significantly less than that of Puyallup River origin Fall Chi-
nook. Additional evidence shows a significant number of Puyallup River Fall Chinook stray into the
White River system to spawn. There is no Fall Chinook supplementation program on the a White River;
however, carcass sampling from 2002 to 2017 on Boise Creek, a significant Chinook spawning tributary to
the White (RM 23.5), showed an average of 59% of the Chinook sampled to be of fall hatchery origin due
to the presence of a coded-wire-tag and missing adipose fin, or just a missing adipose fin (see Chinook car-
cass sampling results in the Boise Creek section of this report and Appendix I for fin marking ID).

Puyallup River Fall Chinook typically enter the Lower Puyallup River in June, and continue to move
through the system as late as November. The majority of tributary spawning activity occurs from Sep-
tember through late October, with the exception of some lower tributaries which may have fish present
into early November. Initial spawning generally commences in the upper watershed; while the lower riv-
er and tributaries commonly experience active spawning beyond the time that live fish are even observed
in the upper watershed. The age of adult Fall Chinook returning to spawn can range between two-to-five
years of age. However, the largest constituent of adult returns are typically comprised of four-year-olds;
with a smaller component of the runs returning as three-year-olds.
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The majority of post emergent fry spend a moderate period of time residing instream before migrating
to marine waters. Trapping data from a rotary screw trap in the lower Puyallup River showed that 99.5%
(n=869) of wild out-migrant Chinook caught were
sub-yearlings (Berger et al. 2015). Chinook
emigration in the Puyallup begins as

Spawner

early as January and runs well into
the last week of August, with the

The majority of spawning
occurs from mid-September Egg Development
through late December,

with peak spawning
occurring around the end of

Eggs develop during fall/early
winter and hateh (alevin) after
approximately 47-65 days

pe ak of migration t aking p]ace October through the first depending on water temperature.
part of November.

at the end of May. Berger et '

al. (20 1 5)’ report}ed that Retruning Adult/Jack Alavin

sub-yearling Chinook Coho enter the lower Puyallup

sampled varied in length
from 32-115mm during

the trapping season
(January 30- July 26),

with significant size in-
creases occurring through-
out the season. The average
fork length of Chinook meas-

River system as early as August.

t Coho Salmon

Marine/Ocean Phase

The vast majority of coho spend over a year in
saltwater before returning to freshwater to spawn as
three-year-olds. A small component of coho return to
spawn as two-year-olds; yet. the age of fish returning

to spawn can range between two-to-four years

‘ Smolt

Continued development in
substrate & yolk absorption

Emergence from substrate (free
swimming & feeding) after
approximatley 2-3 weeks.

Life Cycle 1

Fry
Free Swimming & Feeding
Continued Growth in fresh water

ured from January through
late July was 61mm; yet, the
minimum size range did not ex-

ceed 50mm until after June 8th.

Approximately 91% of wild eoho smolts
migrated to marine waters as yearlings.
However. there is a small class of sub-
yearlings and two year old smolts Wild
smolt out-migration runs from March
through the first part of July, with peak

migration occurring near mid-May

Coho Salmon
(O. kisutch)

V4

Juvenile/Pre-Smolt

The majority of wild eoho
juveniles rear in freshwater for
over a year (18 months) before
migrating to marine waters

Coho are prevalent throughout the Puyallup/White River Watershed, with several of the lower and

mid-range drainages experiencing some escapement. Coho are frequently observed spawning as high as
Silver Springs on the White River (RM 60.5), and a limited number make their way into the habitat
available above Electron Hydro LLC’s Electron Diversion Dam on the Puyallup River (RM 41.7). Alt-
hough the majority of coho in the system are primarily tributary spawners, some mainstem spawning
does take place. Key spawning areas for coho include South Prairie Creek, Boise Creek, Clearwater Riv-
er, Greenwater River, Huckleberry Creek; as well as Fox Creek on the Puyallup. The WDFW hatchery on
Voights Creek has artificially propagated coho since 1917, having in the past 1ncorporated fry and smolts

from other drainages, including Big Soos Creek, Minter
Creek, Garrison Springs, George Adams Creek; as well
as the Skagit and Washougal rivers. Voights Creek
currently produces approximately 800,000, 100% mass
marked (adipose clip) yearling pre-smolts annually, of
which 100,000 (decreased from 200K) are transferred to
acclimation ponds in the upper Puyallup Watershed
when available (see Salmon and Steelhead Hatchery
Production; as well as Fish Enhancement and Restora-
tion sections in this report). Currently, approximately
300K coho reared at WDFW’s Puyallup Trout Hatchery
fish from Voights Creek are released in April and gen-

Adult coho (&) spawning phase
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erally move rapidly downstream. The majority of wild coho juveniles rear in freshwater for over a year

(18- months) before migrating to marine waters.
Wild smolt out-migration runs from March
through the first part of July, with peak migra-
tion occurring near mid-May. Smolt trapping da-
ta in 2005 on the Puyallup River indicated that
approximately 91% of wild coho smolts migrated
to marine waters as yearlings (Berger and Wil-
liamson 2005). However, there is a small class of
sub-yearlings and two year old smolts. The vast
majority of coho spend over a year in saltwater
before returning to freshwater to spawn as three-

year-olds. A small component of coho return to Juvenile coho

spawn as two-year-olds; yet, the age of fish return- '

ing to spawn can range between two-to-four years. Adult coho enter the lower Puyallup River system in
early August. Spawning surveys and USACE Buckley trap data show coho continue to move through the
watershed as late as February/early March. The majority of spawning occurs from mid-September
through late December, with peak spawning occurring around the end of October through the first part of
November. The South Prairie Creek drainage has a unique late run of coho that spawn well into
February and early March. Hundreds of adult coho are often observed holding in South Prairie Creek in
December prior to moving into upper tributaries, such as Coal Mine (Wilkeson Cr. Tributary) and
Spiketon creeks to spawn.

Chum Salmon (O. keta) S,

Chum Salmon are most nu- In most of the rivers and

tributaries, active spawning oceurs Egg Development

from the middle of November

merous and widespread 4 Eggs develop during late fall & early
P throtigh thie _end df Jar_ms;y, “!th winter and hatch (alevines) after
peak spawning occurring in mid-

throughout the IOWGI‘ and Dbt approximately 45-60 days depending on

water temperature.

mid-river system. Chum
have been observed
spawning as high as Boi-
se Creek on the White

Retruniné’;\dult

River (RM 23. 5) ’ FOX Most adult spawners returning Chum S almon
as three-to-four-year-olds. B lnin
Creek on the Puyallup During most years, adult x ’
. spawners are predominately L]fe Cycl e Continued development
(RM 29. 5), and as hlgh four-year-olds (>50%) with a in substrate & volk
. . small contingeney of two and absorption
as river mile 8.5 on the five-year-olds (< 4%). Emergence from
. . subsirate in late mid-

CaI‘bon and river mlle 12 winter/early spring
on South Prairie Creek. A
Chum are mass spawners, > y
frequently utilizing the hab- Marine/Ocean Phase [
. . . Chum spend 3-to-4 years in =alt
itat found in the p]a01d flows water before returning to fresh okt

. . water to spawn. Instream residence time for newly
of primary side channels and enErged chim. 1S8Rt o e

. from the gravel in late winter to
secondary ephemeral side chan- el early spring, juveniles move
i i X ‘ quickly downstream to the marine

nels established along the major main- Wil 0P Bam e Amegt Bay.

stem rivers. Also commonly utilized are the
shallower outer margins of the mainstem rivers; nevertheless, most of the spawning efforts are focused in
the numerous smaller tributaries located off the lower Puyallup and White rivers, as well as South Prai-
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rie Creek. A split stock of wild and hatchery origin chum are present in the Puyallup/White system. Ge-
netic testing implies a difference between lower Puyallup River chum (Clarks, Diru, Swan and Clear
creeks) and upper river chum (Carbon River, White River, Salmon Tributary, South Prairie Creek, Fennel
and Canyonfalls creeks) (Ford and Schwenke 2004). The Puyallup Tribe began rearing and releasing
chum from its Diru Creek Hatchery facility, a small tributary to Clarks Creek on the lower Puyallup Riv-

er, in 1979. The Puyallup Tribe currently raises 1.5 to 2.7 million-chum smolts annually for release into
the lower Puyallup River. This program significantly augments a tribal river fishery and All Citizen
purse seine fishery in East and West Pass in Puget Sound. This stock originated initially from Chambers
Creek. Eliminating the need to import chum from outside the Puyallup/White River Watershed, the
Puyallup Tribe began propagating chum for its own program at Diru Creek in 1993. Currently, this is the
only chum supplementation program operating in the Puyallup/White River Watershed.

Adult chum salmon enter the Puyallup Riv- (=
er as early as October. An early run of chum in
Fennel Creek and the Carbon River can be ob-
served spawning in late October. In most of

the rivers and tributaries, active spawning oc-
curs from the middle of November through the & Chum fry

end of January, with peak spawning occurring
in mid-December. Scale data collected by Puyallup Tribal Fisheries (PTF) from commercial gill-net fish-
eries in the lower Puyallup and Diru Creek Hatchery returns, show most adult spawners returning as
three-to-four-year-olds. During most years, adult spawners are predominately four-year-olds (>50%) with
a small contingency of two and five-year-olds
(< 4%). Instream residence time for new-

ly emerged chum is short, emerging Spawner — /

from the gravel in late winter to Aﬁﬁlgtu?:iﬁfﬁgghOici:fﬁ:i.i?ﬁbﬁfe ‘ R g opment

early spring, juveniles move quick-  Septcatber t sarty Oetobet m%figg%%%%‘;25?{%?%?{%; %e

ly downstream to the marine wa- S S i

ters of Commencement Bay. 2

Since 2001, the Puyallup f /\ \‘*a‘ »\

Tribal Fisheries Department ] "'} "\

has operated a rotary screw Retruning Adult Pink Salmon b 4

fish trap on the lower gl Life Cycle cgnmﬁéz:]:lopmeut

Puyallup (RM 10.6). Trap- thi river as early 35 id-July o

ping data reports down- s scotrags fa late i

stream migrating chum are ’\ Y‘\\ AT
\

captured in the trap as early
as the first week of March, with

\ 4 f'
\) da/
£
Vs 4

. . . Marine/Ocean Phase b / /

peak out-migration occurring Pinks spend 18 months in salt il /

. . water before returning to fresh Smolt I‘-‘;\
during the first quarter of May (Ber- water o spawn as 2 year olds _ T BRSO

R e 4 with smolt out migration running from
geI‘ and Wllllamson 2005). '|| = — February to June, with the peak out
‘./“-\ ~ | migration occurring at the end of
\‘_7‘ March-to-Mid April.

Pink Salmon (O. gorbuscha)
Pink salmon in the Puyallup/White River system return on odd years to spawn. The range and
habitat utilized by pink salmon throughout the watershed has changed considerably since 2003. Wash-

ington Department of Fisheries biologists, in a 1975 publication, describe pink salmon utilization to be
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almost exclusively limited to the mainstem Puyallup River; the lower Carbon and White rivers; South
Prairie Creek and Fennel Creek (Williams et al. 1975). This description of pink salmon utilization was
generally accurate until 2003, when an unprecedented number of adult pink salmon returned to the
Puyallup/White River Watershed. Washington Department of Fish and Wildlife escapement data from
1959 to 2001 shows the number of adult pinks returning to the Puyallup system ranged from 2,700 to
49,000, with an average seasonal return of 19,400. Pink escapement estimates obtained from WDFW re-
ported an estimated pink return of 185,000 during the 2003 run; and in 2005 the escapement was esti-
mated at over 466,000 (Scharpf 2006). The adult pink escapement for 2007 was estimated at well over
600,000, and just over 1.2 million in 2009. Adult
pink escapement has decreased since its peak in
2009.

With the increased returns, significant numbers
of pink salmon have been transported above Mud
Mountain Dam to spawn in the Upper White River,
and the West Fork White River. Substantial es-
capement of pinks have been observed in several key
tributaries including Silver Springs Creek, Huckle-
berry Creek, and the Greenwater and Clearwater
rivers. In addition, several pink spawners have

Adult pink salmon-?

been documented in Cripple, Pinochle, and Wrong
creeks. Pinks have been observed spawning as high
as Sunrise Creek located at river mile 63. The Puyallup and Carbon River drainages have not experi-

enced the same significant expansion of pink salmon as the White River. Even so, pink escapements have
been exceedingly elevated throughout the mainstem Puyallup River below river mile 27.5; as well as the
lower Carbon River, South Prairie, Wilkeson and Fennel creeks. The Puyallup and Carbon River drain-
ages have not experienced the same significant expansion of pink salmon as the White River.

All pink salmon in the Puyallup/White system are wild. Adult pink migration and spawning coincides
closely with Chinook, with pinks entering the river as early as mid-July, and spawning from late-August
through mid-November. Like chum, pinks are mass spawners and frequently utilize habitat formed in
the placid flows of primary side channels and secondary
ephemeral side channels established along the major
mainstem rivers. Also commonly utilized are the shal-
lower outer margins of the mainstem rivers; although,
much of the spawning efforts are centered on the numer-
ous anadromous tributaries. Peak spawning occurs from
late-September to early-October, with fry emerging from
late fall through winter. Residence time instream is lim-
ited, with smolt out migration running from February to
June, with the peak out migration occurring at the end of
March. The production estimate for the 2003 pink brood
year, calculated 1,988,441 out-migrants (Berger and Wil-
liamson 2004); estimates for the 2005 brood year was
7,095,017 pink smolts (Berger et al. 2006); estimates for
2007 and 2009 pink smolt escapement is 14,936,007 and 11,148,303 (Berger et al. 2008; Berger et al.
2010). See Puyallup and White Rivers juvenile production assessment project descriptions and summary

Four species of salmon fry
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data in this report. After two years in the marine environment, adults return to spawn as two-year-olds,
hence the odd year spawn timing; however, a few pinks do return on even years. The unique life history of

pink salmon does make the species more susceptible to stochastic events, which can have an immeasura-
ble impact on an entire year -
class.

Sockeye Salmon
(O. nerka)
Sockeye are occasionally
encountered or documented
throughout most of the

Puyallup/White River basin. :
Each year from 1980 to 2018, between 0 and 378 (annual average of 33) adult upstream migrants were

captured and transported above Mud Mountain Dam which provides a rare opportunity to collect data on
adult sockeye. It is currently undetermined how many, if any, of the adult sockeye are native to the sys-
tem or are strays from other watersheds. Migrating adults are caught in the trap from mid-July through
early September. Sockeye transported to the upper White are observed in several of the major tributar-
ies, including the Greenwater River, Clearwater River, Huckleberry Creek and Silver Springs Creek.
Spawn timing runs from mid-September through October, coinciding with Chinook, pink, and coho
spawners. Sockeye often utilize similar spawning habitat as Chinook and coho, which is evident by the
fact that sockeye are regularly seen spawning side-by-side with these other species. Spawning sockeye
are easily distinguished from other salmon species by their distinctive bright red bodies and green heads.
Post emergence, juvenile sockeye spend one-to-two years (typically two years) rearing in freshwater before
migrating to marine waters. After two-to-three years in saltwater, the majority of adults return to spawn
as four-year-olds.

Spawner
. . Spawning data shows peak
Steelhead/Rainbow (O. mykiss) spavming takes placo in the W), EeeDevelopment
. e e = < Embryonic development and
Both steelhead and rainbow are Seateanie it emergence of fry takes between
e A 30-40 days depending on water
present throughout the temperature.

occurs typically in mid-to-late
May.

Puyallup/White River Watershed.
The steelhead is simply an anad-

L 9

: . Alevin
romous form of rainbow; off: ¢ T i
spring from either steelhead or N  substrate & yolk absorption
. Emergence from substrate (free
rainbow can become anadro-  swimming & feeding) after
: :aﬂ_,pg{gﬂmatley 4-6 weeks.

mous, or remain in freshwater
(resident form) their entire
lives. In May of 2007, NOAA’s
National Marine Fisheries Ser-
vice released a statement re-
garding the listing of Puget
Sound steelhead as “threatened”
under ESA. The ESA protection co-
vers naturally spawned steelhead, in
addition to a couple of hatchery stocks.
However, the ESA protection does not pertain
to rainbows.
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Steelhead are generally categorized as winter-run or summer-run, depending on the time of the year

they return to freshwater river systems to reproduce. Unlike other pacific salmonid species, steelhead
can spawn more than once (iteroparous) during their life-cycle. Scales collected from 1985-t0-2018 by
Puyallup Tribal Fisheries biologists at the USACE trap on the White River and analyzed by WDFW, show
an average of 3.61% (range 0-26.4%) repeat spawners returning annually (frequently females). Puyallup
and White river winter-run steelhead generally enter the river system beginning in winter (January), and
continue through spring (June), whereas summers migrate during late spring and summer seasons.
Summer and winter-run
steelhead enter freshwater
systems in various degrees of
reproductive maturation
(Pauley et al. 1986).

Summer steelhead enter

river systems immature, and
will not be ready to spawn un- ' SO < intor stoclh ol
til the following spring;

whereas, winter steelhead will be ripe (mature) enough to spawn within a few months or less after enter-
ing freshwater (Pauley et al. 1986). The major distribution of winter-run steelhead includes many of the
coastal and Puget Sound river systems such as the Humptulips, Quinalt, Chehalis, Hoh, Bogachiel,
Soleduc, Skagit, Skykomish, Snoqualmie, Green, Puyallup and Nisqually rivers. Winter-run steelhead
are also present in several river systems along the lower Columbia River. Summer-run steelhead distri-
bution in the Puget Sound includes the Skagit, Stilliguamish, Skykomish and Green rivers.

The principal stock of steelhead returning to the Puyallup and White river system are winter-run.
However, a few summer-run strays, likely from the Green or Skykomish rivers, are caught annually dur-
ing August and September in the lower Puyallup; as well as the USACE trap on the White River. There-
fore, steelhead are often present in the watershed throughout the year. The main run of hatchery origin
winter steelhead (Voights Creek production ceased in 2009) enters the Puyallup River in November, with
the peak of the run occurring in mid-December. On the White River, steelhead are occasionally caught in
the USACE trap as early as late December. Although, most fish don’t start migrating towards the upper
reaches until March. The winter run continues through June, with peak migration occurring in mid-to-
late April, through early May. Puyallup Tribal Fisheries spawning ground data shows peak spawning
takes place in the upper Puyallup and White River basins in late April to early May; and in the lower
White River, peak spawning occurs typically in mid-to-late May.

Steelhead spawners frequently utilize the mainstem Puyallup, White, and Carbon rivers; whereas, the
majority of spawning occurs within many of the associated smaller tributaries. Some of the major tribu-
taries on the White River supporting winter steelhead include Boise Creek, in addition to the Clearwater
and Greenwater rivers. Along the Puyallup River, the upper reach tributaries of Kellog, Niesson and Le-
Dout creeks, support the majority of spawners. In addition, the roughly five miles of mainstem river
channel below the Electron diversion dam (RM 41.7) consistently experiences steelhead spawning activity
as well. The habitat above Electron has been accessible since the completion of a 215 foot fish lad-
der/fishway in the fall of 2000. Steelhead are known to be accessing habitat in the reach above the Elec-
tron Dam; yet, no long-term data has been collected regarding spawning and rearing utilization, and dis-
tribution. Prior to 2015, the majority of information available was from aerial surveys conducted on the
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upper Puyallup and Mowich rivers during the spring of 2005 and 2006. Surveys conducted in 2006, re-

vealed limited steelhead spawning activity in the mainstem Puyallup River, and no spawning activity in
the Mowich. However, low flow conditions during the spring of 2015 allowed for numerous foot surveys to
be conducted, and several redds were observed in the upper Puyallup and lower Mowich rivers; as well as
Rushingwater Creek (Mowich River tributary). Additional surveys since on Rushingwater have shown con-
sistent steelhead spawning since 2015.

Steelhead smolt

The Carbon River mainstem, below
river mile 11, has consistently support-
ed steelhead spawners. Spawning
ground survey data from 1995 to 2017,
illustrates an average of 14 redds annu-
ally (range 0-59) in the mainstem Car-
bon; however, escapement has dropped

significantly over the last decade.
South Prairie Creek, a substantial tributary to the Carbon River, has long been the one of the most signifi-
cant salmon and steelhead drainage in the Puyallup basin. Survey data obtained from WDFW shows the
average number of steelhead redds observed in South Prairie from 1999 to 2017, was 170 (range 32-585).
Voights Creek, on the lower Carbon River, also experiences a small steelhead escapement.

After fertilized eggs are deposited in the gravel substrate, the embryonic development and emergence
of fry takes between 4-8 weeks depending on water temperature. Juvenile steelhead will rear in freshwa-
ter for 1-4 years before migrating to marine waters in the spring. Scale data from 792 adult winter steel-
head captured in the USACE trap from 1985 to 2004 shows the majority of young wild winter steelhead
migrate to saltwater after 2 years in freshwater (81.6%). Approximately 2.5% of the steelhead sampled
spent 1 year in freshwater, 15.6% three-years, and less than 0.25% four-years before out-migrating. None
of the steelhead sampled spent more than 4 years residing in freshwater. Nearly all hatchery reared
steelhead, if grown to a large enough size (five fish-to-the-pound, or 90 grams each); will migrate to saltwa-
ter shortly upon release as yearlings (one-year-old plus fish). After spending between 1-4 years in saltwa-
ter; adult winter steelhead will return to the Puyallup/White system at 3-7 years of age. Typically, most
fish return after 2-3 years in saltwater as 4-year-olds (56%) and 5-year-olds (34%).

Prior to January, 2009, WDFW conducted the only long-term winter steelhead supplementation pro-
gram in the basin. Each spring, the Washington Department of Fish and Wildlife’s hatchery on Voights
Creek released yearling fish into the system. In 2005, the Voights Creek facility released over 207,000
adipose (Appendix I for fin marking ID) clipped steelhead, and over 231,000 in 2004 (Berger and William-
son 2005). Brood-stock for this program had originated from several different drainages, including the
Humptulips, Bogachiel, and Skagit rivers; as well as Chambers and Tokul creeks. From 1980 to 2000, the
Puyallup Tribe operated a winter steelhead program at the Diru Creek facility (located in the city of
Puyallup). The brood-stock for this supplementation program came from the coastal Quinalt River sys-
tem. During the 20 year span of the program, the Tribe released between 8,237 and 116,957 yearling
smolts annually into the Puyallup system. The Diru Creek program was successful, with an average of
915 (range 364-1,144) adults returning annually from 1993 to 1999. Unfortunately, this earlier program
was discontinued due the lack of water resources necessary to rear steelhead year-round.

During the spring of 2006, in response to the declining number of winter steelhead, the Puyallup and
Muckleshoot Tribes; as well as the Washington Department of Fish and Wildlife, began a steelhead sup-
plementation pilot project developed for the White River. The primary goal of this project is to restore the
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run to a strong self-sustaining population. The pilot project utilizes captured wild brood stock from the
USACE trap in Buckley to generate approximately 25K-35K+ yearling smolts (see appendix G for addi-
tional data).

Beginning in January of 2009, the Puyallup Tribe assumed the majority of responsibility for continu-
ing this important restoration/recovery effort. Steelhead brood-stock collected from the White River
USACE’s FPF in Buckley are currently held, spawned, incubated, and reared at the Puyallup Tribe’s Diru
Creek hatchery for a year. From 2007-2013, after rearing for a year, and when the fish were of size (ap-
proximately 17 fish-per-pound), the pre-smolts were transported to the Muckleshoot hatchery on the
White River to acclimate before being released. Since 2014, the steelhead have been planted and released
from one of the available acclimation ponds located in the upper White River (see map on page 49). The
success or failure of this project will likely determine if an additional supplementation program will be
implemented on the Puyallup River (The Puyallup Tribe’s Wilkeson Creek steelhead hatchery was com-
pleted in 2017).

The winter steelhead stocks in the Puyallup basin have declined since 1990. The precipitous decline
created serious concern among fisheries managers. Factor(s) responsible for the decline in steelhead es-
capement are unknown, especially when other salmon species are experiencing relatively good success.
Escapement numbers for the USACE trap in Buckley during 2005 (152 adults) was the lowest ever rec-
orded since 1941. Decreased numbers of redds have been observed in several other drainages as well; yet
a few, such as Boise Creek on the White River, have experienced comparatively stronger returns in spite
of the general basin-wide declines. The smolt trapping program operated by the Puyallup Tribe’s Fisher-
ies department on the Puyallup River observed a substantial decrease in the number of steelhead smolts
captured from 2003 to 2005 (average 62.6 [range 39-77] from 2003-2005 vs. average of 315 [range 156-539]
from 2000-2002) (Berger and Williamson 2005). However, significant increases in escapement were ob-
served from 2008-2011 (average 362 [range 189-579]) (Berger et al. 2011). The previous numbers don’t
include the steelhead escapement for the White River due to the traps location approximately 0.2 miles
above the White/Puyallup confluence.

Bull Trout (Salvelinus confluentus)
Bull trout have existed historically throughout many Pacific Northwest coastal and inland rivers,

streams, lakes, reservoirs and marine waters; 3 - -

from southern Alaska northern California, and

inland to Idaho, western Montana and northern
Nevada (Fraley and Shepard 1989, Buchanan et
al. 1997, Rieman et al. 1997, High et al. 2008).
On November 1, 1999, all bull trout in the co-
terminous United States were listed as “threat-
ened” on the federal register of endangered spe-
cies by the U.S. Fish and Wildlife Service
(USFWS 1999). The USFWS updates the status
and current risks to bull trout every 5 years.
This process involves significant collection of the
most current information and data, as well as, in

depth communications with watershed stake-

Lo A g W ] N A T S

Adult bull trout (&), White River headwater tributary in
Met. Rainier National Park (MORA).

holders including tribes and regulatory agencies.
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Bull trout are a cold water species sensitive to deleterious changes in water quality (Selong et al.
2001, Dunham et al. 2003); as well as the fragmentation and loss of habitat (Rieman and McIntyre 1995).
Bull trout require unobstructed migration corridors and connectivity of rivers, streams, and other water
bodies (Rieman and McIntyre 1993) in order to provide access to spawning, rearing, foraging, and over-
wintering habitats. Bull trout belong to a group of fishes called char (genus Salvelinus), a subgroup of the
family Salmonidae. Char include Dolly Varden (S. malma); white spotted char (S. leucomaenis); Arctic
char (S. alpinus); brook trout (S. fontinalis), and lake trout (S. namaycush). Morphologically, bull trout
and Dolly Varden are nearly indistinguishable; however, genetic and morphometric analysis in the late
1970s distinguished that bull trout and Dolly Varden are in fact different species (Cavender 1978). The
bull trout is actually more closely related to the Asiatic white-spotted char (Cannings and Ptolemy 1998).
In addition, regional research has established that both bull trout and Dolly Varden reside sympatrically
in several Western Washington Rivers and streams (Leary and Allendorf 1997).

To determine the specie(s) of char present in
the Puyallup/White River system, tissue sam-
ples from over 110 char were collected by L.
Puyallup Tribal Fisheries (PTF) biolo- -" Spawm-Multiple Years
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Results from the genetic analysis May Exhibit
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disclosed that all samples collected PaRpaslicira i
Life: Hlstory Trait - (free-swimming Sedfeeding)

were bull trout, with no indication of hy-
bridization (Baker et al. 2003). To date, there

has been no verification of Dolly Varden in the

L

Puyallup River Watershed. Bull trout are endemic to the
Puyallup, Carbon, and White River drainages in which they exhibit primarily residential and fluvial life
history traits. Although diminished, the Puyallup Watershed also supports the anadromous life history
form of bull trout. Resident bull trout reside in smaller headwater tributaries, while fluvial bull trout
frequently utilize mainstem rivers and tributaries to forage and overwinter.

During the fall, migratory bull trout journey from spawning and foraging habitats in the upper water-
shed to foraging and overwintering habitats located lower in the river system. From spring through early
summer, migrant bull trout commence their upstream journey to cooler spawning, rearing, and foraging
refugium high in the watershed where spawning will occur primarily during the month of September (La-
dley et al. 2008, Marks et al. 2009). In response to changing habitat and reproductive needs, migratory
bull trout in the White River travel up to 75 miles or more between the lower river and the headwaters
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located in, or near Mt. Rainier N.P. To achieve this, bull trout require unobstructed migration corridors
and connectivity of streams and rivers to provide them with necessary access to spawning, rearing, forag-
ing, and overwintering habitats. Currently, the genetic relationships and population(s) size of bull trout
within the Puyallup core area is undetermined. The National Park Service conducts ongoing studies ad-
dressing bull trout ecology within the park.

Bull trout are primarily piscivorous (fish eaters). However, they are opportunistic feeders, feeding on
a variety of prey items depending on their particular life history strategy and stage of development.
Adults feed almost exclusively on other fish, including a range of salmon and trout species; as well as oth-
er resident fish species. Juveniles feed on aquatic invertebrates, including stoneflies (Plecoptera), cad-
disflies (Trichoptera), and mayflies (Ephemeroptera). Bull trout require a healthy aquatic environment in
order to survive and prosper. They need an environment that provides the prey base; in addition to the
rearing and reproductive habitat necessary to ensure their continued survival and reproductive success.
Bull trout are endemic to the Puyallup, Carbon, and White River drainages. Currently the population
dynamics of bull trout within the watershed is unknown. However, since the Coastal Puget Sound listing
in 1999, the Puyallup Tribal Fisheries department has made a focused effort on collecting biological data;
as well as spatial information on bull trout distribution and utilization. Documented areas of utilization
include the lower and upper mainstem of the Puyallup, White, Carbon and Mowich rivers. Currently, the
best documentation of bull trout utilization exists on the White and Mowich Rivers. The Upper White
River provides some of the preeminent critical habitat for bull trout spawning and rearing. Significant
research efforts conducted since 2000, of headwater tributaries along the White River and the West Fork
White River has revealed the significant presence and utilization of adult and juvenile bull trout in sever-
al of the drainages.

Each year, since 1999, adult upstream migrants were captured and sampled in the USACE trap on
the White River and transported above Mud Mountain Dam. This trap and haul operation conducted by
the U.S. Army Corps of Engineers has been functioning since 1941. The abundance of upstream migrants
captured in the USACE trap has increased precipitously since 2009. From 1999-2008, an average of 36
(range 14-49) bull trout were captured and sampled annually. From 2009-2020, an average of 242 (range
68-406) bull trout were captured and sampled, a significant increase over the previous decade+. The Po-
tential contributing factors as to why the White River bull trout population size has increased significant-
ly over the past several years is currently under investigation. Data gathered by PTF on these captured
fish strongly indicates both fluvial and anadromous life history traits. Fluvial bull trout utilize the main
river system and tributaries to forage as adults; yet, migrate to their natal streams or other spawning
tributaries to reproduce. Anadromous fish migrate downstream to forage in more productive marine wa-
ters.

Spawning ground
surveys conducted by
Puyallup Tribe Fisher-
ies biologists on
Klickitat Creek during
the 2002 through 2006
seasons, observed floy
tagged adult fish previ-

, | Y
Adult bull trout (&) captured and PIT tagged at USACE fish trap, White River.
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USACE trap, spawning with non-tagged fish. In view of the fact that larger adults are rarely observed in

the smaller spawning tributaries pre-or-post spawning, it is surmised that most of the fish observed were
fluvial (mainstem river) bull trout. However, it is undetermined what component of adults spawners, if
any, are residents. Further research is needed to understand and identify the life history patters and
population dynamics of bull trout in the Puyallup/White River Watershed. Addressing this issue, in 2006
and 2007, Puyallup Tribe Fisheries biologists conducted extensive bull trout migration telemetry studies
and redd surveys along the upper White River and West Fork White River, focusing heavily on the head-
waters located within Mt. Rainier National Park.

Telemetry study results showed the cold high elevation mountain streams located within Mt. Rainier
National Park provides the majority of bull trout spawning habitat throughout the basin. The study in-
volved surgically implanting bull trout captured in the USACE trap with LOTEK radio transmitters (10
fish in 2006, 19 in 2007). The radio tagged bull trout were then tracked for 6-months as they made their
upstream migrations to spawning sites in the upper White River; as well as their post-spawning migra-
tions downstream. During the 2006 study, seven of the ten bull trout spawned in tributaries located on
the mainstem of the White River within Mt. Rainier National Park; one spawned in Lodi Creek on the
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