Part Il. Historic Steelhead Abundance
Other Comparative Steelhead Histories

I. Puget Sound

Salt packing of salmon and steelhead in the Nasitwegan at the beginning of
the 19" century with the Northwest Company, a large fading organization. It was
continued by its successor, the Hudson's Bay Cownphuitially the use of the salt-
packed fish was for subsistence winter use by eyepl® and for local sale. But as
shipping developed on the Pacific coast a condidieexport trade in salted salmon
began with the Hawaiian Islands, Australia, Charad Japan. After the Canada/U.S.
boundary was established in 1846, a number of dnaalérs and fish packers succeeded
the Hudson Bay Company in Washington State. A ealpacking operation was
described at Point Roberts in 1853. In 1873 asalfishery at Mukilteo was putting up
fish in barrels with the operation later moved &affle to take the late run of salmon up
the Duwamish. In one haul of a seine in the Pupallifteen hundred good large salmon
were reported. The first salmon cannery on Pugah& was in 1877 at Mukilteo (Cobb
1930).

The industrialized level of salmon and steelheguagtation in Washington had
begun. In 1889 90,570 Ibs. of steelhead were decbin the Puget Sound commercial
catch record (Rathbun 1900). By 1895 it had léadt 965,552 pounds (Wilcox 1898).
From that peak in 1895 the catch plummeted thexea#t recorded from the old catch
records by Myers (2005) up to 1925.

With the increasing depletion of sea otters onitesst Coast from the 1830s
onward, the focus on resource extraction for peefing visions shifted to timber and
anadromous fish in the latter.@nd early 28 century. The Reports of the
Commissioner, Hon. Marshall McDonald, to the Unig&tdtes Commission of Fish and
Fisheries go back to 1888-89 and include "the cbtla of statistics and other data
relating to the commercial aspects of the riveorshand sea fisheries of the Pacific
coast of the Unites States, exclusive of Alask&bllins 1892)

Regarding the historic commercial steelhead catets, of two types were
typically used at the river mouths and on upstregaund nets that were set and
operated in the way of a trap; and gill nets thaterngenerally set, or less often drifted
from a boat. Some of these were apparently opglatéhe canneries built at virtually
every river mouth, and others were apparently dpdray independent fishermen. These
fishermen included Native Americans and U.S. citzéut one-third was non-citizens
with origins from most European countries, RusSiaina, Japan and South America.
The total number of fishermen recorded in the figseof Washington in 1888 was 3,530
of which 1,739 were apparently U.S. citizens, 6 Hiwe Americans, and 1,179 non-
citizens from other countries (Collins 1892).

The wastage of salmon and steelhead incurredglthis early era of West Coast
fisheries and canneries is now hard to envisioann@ry production lines had to work at
maximum efficiency when many companies competedhiemarket share. Because fish
were cheap, surplus salmon were kept on hand sotas idle 200-400 workers on the

Historic Steelhead Abundance 85



factory line. This resulted in surplus salmon camnig dumped on the cannery floor
where many spoiled before being shoveled backtireaiver. Furthermore, once the
canneries met their limits, those fishermen whdawatsell their catch had little option
but to dump the fish overboard (Lichatowich 1999).

In the analysis of the commercial fishery recdrds the late 19 and early 28
centuries the amount of wastage that occurrednmpewmison to the actual catch that was
processed and recorded means that far more figh egvested than the actual records
would indicate. Also, the commercial catch recdogs not include early sport catch, or
subsistence catch by tribal people and pioneedeats along the rivers of Washington
who likely depended on salmon and steelhead. Tdreréhe steelhead numbers
suggested by these old commercial fishery reconas fme considered well below what
actual abundance was.

Of further consideration, the commercial fishemese probably limited to the
mouths of the major rivers where numbers of rengtish provided a better catch/profit
per amount of fishing effort. Although the smak#reams did not individually have
large numbers of steelhead, cumulatively they gobbance did when their habitat was
not as compromised by culvert blockages, agricaltditching, urbanization, timber
harvest, and etc. Statistically counter balandieglack of steelhead data from small
streams in the early commercial catch, the 1978 2660ord is not as complete as might
be expected from modern fisheries science duectodadata collected. One prominent
example is the Nooksack River, a major Puget Sowed basin, where there is no tribal
steelhead harvest record combined with an appalegince of spawning surveys from
which to determine wild steelhead escapement.

However, the catch and escapement data from 194@&rd likely provide a more
complete overall steelhead record for Puget Soland the reported catch from the early
commercial fishery.

The history of Puget Sound steelhead catcheswansizes is provided in Figures
12, 13, and 14. The commercial catch from 188B9@b is followed by the next
available data from tribal net fisheries of 193%99Taylor 1979) combined with the
catch recorded on punchcards from sport fishefid®947-1959 (WDG 1948-1978). The
early tribal fishery record was limited to six rgebut the sport catch data was from 30
rivers and creeks. The 1978-2004 combined spdyaltand escapement record
(WDFW 2006) was for 22 rivers and creeks. Tableiides the list of streams.

Table 16. The 30 rivers and creeks from which wild steetheatch and/or escapement data were used
(and period of time the data was available) to mieitee Puget Sound steelhead run sizes.

Coulter Ck. Duckabush R. McDonald Ck. Quilcene R. Stillaguamish R.
1948-2004 1948-2004 1948-2004 1948-2004 Sys. 1948-2004
Dakota Ck. Elwha R. Morse Ck. Samish R. Tahuya R.
1948-2004 1948-2004 1948-2004 1948-2004 1948-2004
Deschutes R. Goldsborough Ck.| Nisqually R. Skagit R. Sys. Union R.
1948-1959 1948-1959 1935-2004 1948-2004 1948-2004
Dewatto R. Green R. Sys. Nooksack R. Skokomish R. Lake Wash. Sys.
1948-2004 1948-2004 1935-2004 1935-2004 1948-2004
Dosewallips R. Hamma Hamma R} Percival Ck. Snow CKk. Whatcom Ck.
1948-2004 1948-2004 1948-1959 1948-1959 1948-1959
Dungeness R. Kennedy Ck. Puyallup R. Sys. | Squalicum Ck. White R.
1948-2004 1948-1959 1954-1959 1948-1959 1950-1959
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There was no attempt to determine what wild stsadhcatch or run sizes may
have been from 1960 to 1977 when hatchery steelfgtahs began and no method had
yet been applied to differentiate the contributiohsvild and hatchery fish from the total
catch. From 1978 onward if any numerical data vesaglable for wild steelhead catch or
escapement they were included even though theynoialyave represented a complete
count for that individual year.

Regarding the historic commercial steelhead cagcbrded in pounds, Figures
12, 13, and 14 provide a range of what the avesemgeper steelhead in the catches likely
was: 12 pounds per steelhead; or 10 pounds pehetal; or 8 pounds per steelhead.
However, at least one historic source indicatet @gmpic Peninsula steelhead were
exceptional for their size. Bradner (1950) indéchtoastal Olympic Peninsula steelhead,
"run large — their average being 8 pounds with narer 15 pounds and 20 pounders not
rare." Because Bradner was a Puget Sound arearamgl writer, it must be assumed
that Puget Sound steelhead were somewhat smadtlerefbre an 8 pound average per
steelhead is likely most representative for Pugein when compared to the Queets
River average of 9.8 pounds per steelhead in thefrial catch (from notes in Taylor
1979), and the reported average of 29.5 incheu{e#hb pounds) for Hoh River wild
steelhead determined from the combined sport aoal tatch found by Hiss et al.
(1986).

Because the catch data prior to 1978 did not deckscapement estimates, run
sizes for the figures were computed by multiplying catch by two. This may also be
conservative. Myers (2006) used a harvest ratgerah30%-50% in his Puget Sound
steelhead considerations. Using that range, lerdeted that the historic peak run size
of steelhead to Puget Sound destinations was 32-55%9,987 fish. 50% would be the
low end as was used in the Figures by multiplylmgdatch by two to estimate the run
size. Using the more conservative 50% estimatepéak Puget Sound run size at 8
pounds per fish would have been 491,388 steell38]110 steelhead at 10 pounds per
fish; or 327,592 steelhead at 12 pounds per #sB0% harvest would yield significantly
higher run sizes at 818,980, or 655,183, or 545538&lhead respectively. Hiss et al.
found that harvest on the Hoh River was actualB63B1% depending on year, or a
38.5% average. However, it is possible that adnigiarvest rate occurred in the 1890s
when steelhead harvest pressures may have bedtugeaSound peak.

Myers (2005) indicated steelhead run sizes fdikvels commonly less than
10,000 steelhead in the1920s as determined byettisnthg commercial catch, and
conjectured that many marginal or ephemeral pojounatmay have already disappeared.
Run size estimates for Puget Sound stocks in ttex [B980s to mid 1990s were reported
to be greater than 45,000 wild steelhead (Buslay. d1996). This equates with the small
peak at that time in Figures 12, 13, and 14. H@weafter the mid 1990s the data
collected indicate the run sizes have declined will® year average from 1995-2004 of
13,083 wild steelhead. The low was 5,918 in 198¥the high was 26,497 in 1995. In
the 5 years from 2000-2004 the run sizes have bed&®0-15,000. This is a population
size similar to that of the 1920s when the lossafginal or ephemeral populations was
considered possible. In 2004 Puget Sound steellvesslpetitioned for listing under the
Endangered Species Act (ESA) and in 2005 thatipettvas accepted for review
(NOAA 2005).
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Figure 12.
Puget Sound Wild Winter Steelhead History 1889-2004
[Commercial Poundage Divided by 12 Ibs/Steelhead 98-192¢
& Run Size Estimated To Be 2x Catch 1889-1959]
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Figure 13.
Puget Sound Wild Winter Steelhead History 1889-2004
[Commercial Poundage Divided by Avg. 10 Ibs/Steellad 1889-192!
& Run Size Estimated To Be 2x Catch 1889-1959]
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Beamish et al. (1999) found that changes in oceaditions related to global
climate events impact the dynamics of regional salstocks and migration patterns as
determined from recreational coho catches fronSthait of Georgia and off the west
coast of Vancouver Island in the 1990s. The regjiohanges in ocean conditions were
found related to westerly winds in October, Novembad December and to an increase
in relative sea level height with a shift that aced beginning in 1989. A major climate
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change is also thought to have occurred in 1988ar{B€h et al. 1995, and 199B)
determined from indicators such as Southern Osioilandex and the Aleutian Low
Pressure index.

The result in the 1990s was that coho that hadddy remained in the Strait of
Georgia contributing to fisheries there, migratedth and completely out of the Strait of
Georgia entering fisheries on the west coast ofcdawer Island instead. Numbers of
coho returning to spawn declined. Although acthenagement started in 1995, the
sport fishery in Georgia Strait had already coliahsWhy the coho abandoned the Strait
of Georgia, which was unusual compared to previosi®ry, remains unknown, but
might be related to availability of preferred fodeins or even avoidance of a competitor.
There was little doubt the behavior change wageédltb change in climate (Beamish et
al. 1999).

These regional and larger ocean patterns neeglfittdd into determinations of
salmon and steelhead catch patterns regardingdsesicabundance and declines. The
migration pattern of Puget Sound steelhead is ptgsenknown judged from the dearth
of evidence in the literature. However, the Geai§jirait and west coast of Vancouver
Island coho findings may have relevance to Pugah8asteelhead, although from
Figures 12, 13, and 14 it is apparent that the mexstnt low level of Puget Sound
steelhead predates 1989.

Hare et al. (1999) examined what has been cdiledinverse production
regimes" of Alaska and West Coast Pacific salmermam 1977 through the early 1990s,
ocean conditions have generally favored Alaskakstaod disfavored West Coast
(Washington, Oregon, and California) stocks of BdiStates salmon. What causes
changes in marine survival of Pacific salmon as¢hdiffering regional levels?

Numerous recent studies indicated fluctuationdimate are the ultimate source.
Indices have been developed to measure differmggiacale aspects of Pacific climate.
Mantua et al. (1997) labeled the phenomenon ofdaidescale climate regime shifts in
the North Pacific (and resulting dramatic shiftsamon production) as Pacific Decadal
Oscillation or PDO. The PDO was described as aRaific, recurring pattern of ocean-
atmosphere variability that alternates betweenatiémmegimes every 20-30 years with
abrupt reversals. Other indices of climate varigbihclude the El Nifio-Southern
Oscillation (ENSO) and the winter Aleutian Low (Apjessure cell (Hare et al. 1999).

Hare et al. (1999) concluded that unfavorable n@@aditions were confounding
recent management efforts to increase West Coagtd?slmon production, and
effective recovery of at-risk stocks may await tlext reversal of the PDO. They
recommended that managers continue to limit hasyeaprove hatchery practices, and
restore freshwater and estuarine habitats to grtétese populations during periods of
poor ocean productivity.

Comparison of climate regimes such as providethbyong-term pattern of the
PDO shifts to the long-term changes in abundand¢&uget Sound wild winter steelhead
can help to determine if the steelhead populatiftssbetween high and low levels are
primarily related to climate changes or from otfa&tors such as over harvest, loss of
habitat, or due to hatchery steelhead introductidiare et al. (1999) indicated the PDO
index provides the best correlation for salmonlitm&te comparisons. They provide
chinook, coho, chum, pink and sockeye catch hissdior their PDO comparisons, but
they did not provide a steelhead catch history.
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Figure 14.

Puget Sound Wild Winter Steelhead History 1889-2004
[Commercial Poundage Divided by 8 Ibs/Steelhead 18892&
& Run Size Estimated To Be 2x Catch 1889-1959]
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Figure 15. Annual mean NINO3.4, PDO, and Dec. - Mar. meancAinate indices. Positive values are
shaded in black, negative in gray. For NINO3.4 tredPDO, positive values indicate a positive, armw,
phase of the cycle. For the AL, a positive vahiidates an enhanced Aleutian Low, i.e., lowerasigf
pressure. All time series have been standardizédrespect to the 1900-1997 period of reca®ee text
for definition of each index.[From Hare, S.R., N.J. Mantua, and R.C. Franci891fverse Production
Regimes: Alaska and West Coast Pacific Salmfrsheries24, 1: 6-14.]

The long-term catch data for Puget Sound wild &risteelhead provides the
opportunity to compare it with the same PDO indsediby Hare et al. (1999) in Figure
15. Comparing Figures 12, 13, and 14 with Figieitiwould appear there is a
correlation between the high steelhead catch perfidide early 1950s to early 1960s and

Historic Steelhead Abundance 90



the negative PDO phase (cold cycle) in gray froenltite 1940s to the late 1950s. The
positive PDO phase (warm cycle) in black from thdye1920s to the mid 1940s roughly
coincides with the sustained low catch of steelfead the early 1920s to the late
1940s. The relatively short peak in catch betwadsout 1910 and 1918 roughly
coincides with the negative PDO phase (cold cyfcten about 1915 to the early 1920s.

However, the lack of wild steelhead catch and gsceent data from1960 to 1978
deny the ability to determine what the patternalmindance or decline were in that
period of time and how they compared to those leedoid after. It is known that
hatchery steelhead sport catch in Washington wgisfiom 1962 to about 1971 (Royal
1972; and WDG 1948-1978) and subsequently droppegte-#ide to a lower plateau
from 1972-79 (WDG 1948-1978; and WDFW 2006). Bwgse patterns would not
necessarily represent what occurred with the wilpypations that were potentially
adversely impacted by the introductions of hatclsteglhead. As with Hoh River
summer and winter wild steelhead histories (Figdraad 5), declines in the Puget
Sound wild steelhead populations (Figures 12, &8,1a1) follow the first large returns of
hatchery steelhead beginning in 1962.

What is apparent from Figures 12, 13, and 14astio matter which average
weight per steelhead is used to estimate the mendadiwild steelhead from the total catch
between 1889 and 1925, the historic wild steelligad for Puget Sound populations is
toward zero. The high catch and run size periodsvild steelhead coinciding with
higher PDO cycles are on a trend that is half s lhan the peak for the previous cycle.

The Steelhead Density Barrier Limitation

Loyd Royal's (1972) examination of the anadrontooist program of the
Washington State Game Department identified a pinenon he termed as a density
barrier which limits the expansion of a steelheagypation beyond a certain level of
productivity in which an increasing number of haighsteelhead smolts released does
not necessarily result in larger adult returns,roay actually result in a declining smolt
to adult return ratio:

"...the total Green River catch does not vary to gomextent from year to yeddespite
increases in hatchery smolt releases displaydukingport\which could indicate a
density barrier to population expansion that tetmsnask all other variables related to
survival. If true, this is a most frustrating inéince in meeting the demands for
increasing the winter steelhead population. Unkbgsdensity barrier, if it exists as
indicated, can be eliminated all benefits from liertexpansion and improvement of fish
cultural operations will be nullified.”

Royal's (1972) warning has proven prophetic. 084 both Washington Trout
(2004) and the Wild Steelhead Coalition (Mantuale004) provided detailed
comments to the Lower Skagit River Steelhead Acatiom and Rearing Facility Draft
Environmental Impact Statement. In both of thasalyses of the Skagit River's
hatchery steelhead program, and the long declideegentual collapse of the Skagit
River wild steelhead population, a mutual collatiorabetween the two investigative
groups identified one of the primary limiting factan both hatchery and wild steelhead

Historic Steelhead Abundance 91



productivity in the Skagit basin was WDG's, WDWisd WDFW's long history of
perpetual escalation of hatchery steelhead smiekses. This has culminated in
500,000-600,000 winter steelhead hatchery smohisally released into the Skagit basin
(plus additional summer steelhead smolt releasetbei latter 1990s and early 2000s.
Beginning with the 1999-2000 winter steelhead retthre wild population and hatchery
returns both subsequently collapsed and have rexanlow levels. An analysis of the
hatchery smolt release numbers into the basintadesulting catches, escapements, and
run size estimates related to the correspondinthbay steelhead smolt release years
found a significant relationship in reduced numbmneturning hatchery and wild
steelhead for those years with higher hatcherasel@mumbers as shown in Figure 16.
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Figure 16. Annual smolt plants, annual harvests (wild+hatgheand total annual
steelhead run-size (harvest+escapement) for thgit3asin. The harvest and run-size
data are shifted 2 years back in time to aid indilhect comparison with annual smolt
releases.

Data provided by Bill McMillan and Washington TrouPlots were created by Nathan
Mantua, Ph. D., VP of Science and Education folMilel Steelhead Coalition.

As is apparent in Figure 16, once hatchery smt#dtises began in the Skagit
Basin, an inverse relationship has evolved in withehescalating line of smolt releases
intersects and crosses the descending line ofgtg#alhead population run sizes. Further
analyses resulted in plots created by Nathan MaRtad. (University of Washington
Department of Atmospheric Sciences and VP of Seiemzl Education for the Wild
Steelhead Coalition), and Stephen C. Conroy (Hodegsee in Biochemistry and Ph.D.
in protein chemistry from University of Aberdeertg8and) finding a strong negative
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association with hatchery steelhead smolt relefases 1976 to 2000 as the release
numbers escalated. A similarly strong negative@ason with the 1976-2000
escalating smolt releases was found for annudl stealhead run sizes (both hatchery
and wild combined) and for annual wild steelheatsizes (escapement plus catch) by
both analysts working independently with the Sk8gisin data.

In his earlier analysis, Royal (1972) found anappt density barrier already
occurring in the Green, Skagit, North Fork Stillagush, and Skykomish River basins of
Puget Sound related to hatchery steelhead smetiges. For rivers with relative low
and non-escalating steelhead hatchery smolt redeasd/or small watershed size, he
found little or no evidence of the density barpecurring (Elwha, Samish, and Lyre
rivers).

A steelhead production density barrier may wefilax a significant part of the
decline in Puget Sound wild steelhead numbers ige®eeed in Figures 12, 13, and 14
after the modern hatchery program began with &idstlt returns in 1962 and escalating
hatchery smolt releases thereafter. Such a bavaeld diminish the ability of Puget
Sound stream basins to effectively produce histauimbers of steelhead until hatchery
steelhead numbers are reduced to allow the futymtivity of wild steelhead to be
expressed. Exactly where that steelhead produbtomer occurs in the life histories of
steelhead is presently not known, although hatcheryit residualism (smolts that do not
outmigrate and remain in the basin where releasedrmpete with rearing wild
steelhead) may be a significant contributor.

This has similarly been found elsewhere. In raespdo a toxic railroad spill on
the Cheakamus River on the southern British Colansbast in 2005, Bruce R. Ward
(2006) provided a paper recommending that Britistu@bia's Ministry of Environment
allow wild steelhead to recover on their own ratian to attempt the risk of attempting
to restore Cheakamus steelhead through artifighldulture:

"(Describing the problems of smolt residualism i@ Keogh River on northern
Vancouver Islandp major difference in salmon and steelhead culadter release is the
failure of some steelhead smolts to migrate andarenm-river as residents, or
'residuals'... These fish can displace wild parr,stane wild fry, and some even survive
the summer and winter to spawn with wild adults..dlesa low-river release,
downstream of the Keogh fish fence (blocking upstrenigration of these hatchery
smolts for several weeks), several thousand of0BOi® 30,000 hatchery smolts failed to
migrate and became resident in summer."

"The residualism phenomenon has been observedthé@n ¥ancouver Island ...streams
(Quinsam and Little Qualicum rivers), particulaily the spring drought of 2004.
Several thousand residuals were observed in tivessystems following their release
from on-site hatchery rearing facilities. Regiot&blogists further reported this same
behaviourin most rivers where hatchery smolts are releasedt times swamping the
wild parr in numbers, leaving little doubt of sukesttial density-dependent effects on
wild steelheadand others), particularly when wild recruitmentiesv.” (Bold type
added here for emphasis.)
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It can be anticipated that the problem of hatcls¢eglhead smolt residualism and
density-dependent effects on wild steelhead is micguwith Puget Sound steelhead
populations and those rivers on the Olympic Peten€oast where large numbers of
hatchery steelhead smolts are released (in theotdlse Keogh River, even releases of
"only" 20,000-30,000 smolts created a significasidualism problem).

[I. Stillaguamish River

The Stillaguamish River has a drainage area ofsg@gre miles and has an
average annual rainfall of 30"-40" near the coast@more than 100" in the mountain
headwaters (Army Corps of Engineers website).a$ttwo major forks, the North Fork
and South Fork, and major tributaries include RitthCreek, Deer Creek, Squire Creek,
and Canyon Creek. The Stillaguamish System hagenadpulations of both summer
and winter run steelhead (SASSI 1994; and SaSS3)200t this report will only cover
its winter steelhead history.

Wilcox (1898) described the Stillaguamish Rivehasing:

"... quite a run of steelhead which are fished foitsatower end. Silver salmon and
humpback are also found, but, on account of lowgwiat Seattle, are not taken.
Chinook and blueback salmon are only representadarriver by an occasional
straggler, there being no run of these two speckashing is all by set and drift gill nets,
worked from the mouth of the river up to StilvaBdvana ?) Station, 6 miles. During
1895 twenty citizens of the county followed thelk&ad run, taking 180,000 pounds;
probably as much more was taken by men from otfwtiomns and by ranchers for home
use."

Figures 17-21 provide the differing historic viethat can be used by steelhead
managers from which to determine the status ofa8tiamish River wild winter run
steelhead. Figure 17 is the historic perspectiveeatly used by WDFW and the Treaty
Tribes (SASI 2003). With this limited historic dafwith no tribal catch record of wild
steelhead excepting for 1996 and 1998-2003 wheaineatwere zero), the state and tribal
fishery managers have indicated a commitment taoaify in the State of Washington
toward a Wild Stock Restoration Initiative (WSR$) @escribed in the 1992 SASSI
(1994) with a goal to:

"Maintain and restore healthy wild salmon and dteald stocks and their habitats in
order to support the region's fisheries, economaesl other societal values.”

Even in Figure 17, the future of Stillaguamishdw¥inter steelhead is a trend
toward depletion based on an Index Area of theiNBark Stillaguamish upstream of
Deer Creek. Despite this trend, in 1992 the SA3994) report declared this stock of
steelhead "healthy." The status was finally atteéce"depressed” in 2002 (SASI 2003).
However, if the managers had used the longer listatch perspective provided by
Figure 18 (even though limited to angler catch@ytivould have had a better indicator
for cause to be concerned in 1992 regarding Stilagsh River wild winter steelhead.
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Figure 17.

Stillaguamish River Wild Winter Steelhead Historic Data (1985-2004) Use
by WDFW for Management Purposes
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Figure 18.
Stillaguamish System Wild Winter Steelhead History
Including Sport Catch Data of 1948-1959
[Early Potential Catch from Hatchery Smolt/Fry Releases of Over 15,00
Eliminated and Early Run Sizes Estimated to be 2x &tch]
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As Daniel Pauly (1995) had warned, a shifting basecan conceal the actual
magnitude of depletion. In the case of Stillagusmwild winter steelhead, the
magnitude of depletion does not become clear Eigilres 19, 20, and 21 which include
the commercial catch record of 1895 (Wilcox 1898).
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Figure 19.

Stillaguamish System Wild Winter Steelhead History
Including 1895 Commercial Catch from Wilcox (1898)
[Compared to Modern Escapement Goal and Avg. Steedlad 8 Ibs.]
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Figure 20.
Stillaguamish System Wild Winter Steelhead History
Including 1895 Commercial Catch from Wilcox (1898)
[Compared to Modern Escapement Goal and Avg. Steedfad 10 Ibs.
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The commercial poundage caught (360,000 Ibs. tbhts)been divided by an
average steelhead weight of 8 pounds in Figureiff®awesulting catch of 45,000
steelhead; by 10 pounds in Figure 20 with a cat@6@00 steelhead; and by 12 pounds
in Figure 21 with a catch of 30,000 steelheadhdfrun size is estimated to be twice that
of the catch, 90,000, 72,000, or 60,000 steelheaddwhave returned to the
Stillaguamish River in 1895 depending on the averagight of each steelhead. This
compares with a 5-year average run size of onlyw&a@Bwinter steelhead (2000-2004)
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with a sport catch average of 23, a tribal catadrage of 0, and an estimated escapement
average of 569 steelhead (WDFW 2006). The 200@&20@rage wild winter steelhead
run size was 0.6%, 0.8%, or 1.0% (as depictedgarés 19, 20, and 21 respectively) of
that in 1895, and the targeted escapement gogkfpetuation and/or restoration (1,800
wild winter steelhead) is only 2%, 2.5%, or 3%!oé L895 run size.

Figure 21.
Stillaguamish System Wild Winter Steelhead History
Including 1895 Commercial Catch from Wilcox (1898)
[Compared to Modern Escapement Goal and Avg. Steediad 12 Ibs.
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This is a far different level of concern from tlipicted in Figure 17. Although
the worst case escapement of 354 wild winter seéaellin 2002 was only 20% of the
1,800 steelhead escapement goal, it is counterdeddny an escapement of 1,185 wild
winter steelhead just four years previous in 198%% of the targeted escapement goal.
While there is cause for concern, it does not ssigigpe potential that wild winter
steelhead of the Stillaguamish River may be apgriogcahe extinction levels indicated
by Figures 19, 20, and 21.

It is clear that computed escapement goals onlg kialue as a useful
management tool if they are put into valid hist@mentext.

In February of 2006, a WDFW news release (WDFWsiebindicated an early
closure of the sport fishery due to a run size ipted to be 36% of the spawning
escapement goal of 1,800 wild winter steelheadth\éatch and release of wild steelhead
required by sportsmen and probably no tribal figl{as has been the case since 1998), it
would be a run size of 648 steelhead, slightly ntbaa the 5-year average with a
miniscule increase in percentages of 0.7%, 0.9%, 9% of the 1895 run size if the
average steelhead was 8, 10, or 12 pounds resplgctiv

Yet, in 1992 WDFW (SASSI 1994) rated Stillaguamighter steelhead as
"healthy" and in 2002 (SaSSI 2003) only lowereid itdepressed.” One might well

wonder what it takes to classify a steelhead pdjoas "threatened" or "endangered” in
Washington.
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[Il. Queets River

The Queets River is 51 miles (82km) long and &rdB0 sqg. miles with an
average winter flow of 8,000 cfs. and an averagersar flow of 1,015 cfs. Its
maximum flow has been as much as 130,400 cfs amditimum flow down to 368 cfs
(Phinney et al. 1975). Its major tributaries imtdithe Clearwater, Sams, and Salmon
rivers and Matheny Creek. The majority of theutdry watersheds lie outside ONP and
have been extensively logged and roaded, while @Bte Mainstem is within the park
and heads on the south side of Mt. Olympus (McHeh@aj. 1996).

Altogether, 34% of the Queets basin is within@\P (Houston and Contor
1984). The U.S. Forest Service owns 84% of Math@mek watershed, 73% of the
Sams River watershed, and 30% of the Salmon Rieggrahed and some acreage near
the town of Queets at RM 23 (Smith and CaldwellZ)00n the Clearwater sub-basin
Washington DNR lands comprise 79% of the ownerahighabout 20% are privately
owned. Quinault Indian Nation lands, of which thae®ts Tribe is an affiliate, include
the lower eight miles of the Queets River and steay and 54% of the Salmon River
drainage.

Both winter and summer steelhead are native tQteets River basin. Two
separate spawning stocks of each are thought to:oedld summer steelhead in the
Queets River and Clearwater River and wild winteekhead in the Queets River and
Clearwater River although there is little or ncoimhation available to confirm they are
genetically distinct stocks (SASSI 1994). Howewmmetic analysis has since indicated
Queets winter steelhead are similar to ChamberskQratchery stock (SaSSI 2003).

SUMMER STEELHEAD

The 1992 SASSI (1994) report indicates that naflueets and Clearwater
summer steelhead stocks were historically smab tumited by their habitats although
little is actually known about where the fish spdwayond the assumption it is in the
upper reaches of both rivers. The run timing efwhld summer run is said to be from
May through October and distinct from the run tighof the winter stocks (November
through April), although with some overlap in Mayhe stock status report also
indicates that adult pre-spawning summer runs @gaje in the upper sections of both
the Clearwater and Queets in late summer anddalegermined from sport catch data.
The Queets summer steelhead stock is thought tpreeemost of the wild summer
steelhead in the Queets River basin. The sumnaeelhstad sport catch from the
Clearwater River is typically small by comparisddFwW 2006).

The area near Tshletshy Creek on the upper QRaats has long been known as
a summer steelhead destination by sports fishermé&uly, August, and September as
reported by Frear (1956). Bradner (1950) indicaled in August many summer-runs
were caught at the mouth of clear tributaries agcBam's River. The wild summer
steelhead sport catch from the Queets River fro6218 1978 (WDG 1962-1986)
confirmed the run timing indicated by Frear anddBrer as shown in Figure 22. But the
Clearwater River wild summer steelhead sports clatch 1962 to 1978 (WDG 1962-
1986) had a run timing skewed toward the fall, 8eyiiter and particularly October
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(Figure 23). This supports the possibility tha @learwater stock is distinct from that in
the Queets based on the differing run timings.

Figure 22.
Queets River Wild Summer Steelhead Run Timin
As Measured by Sport Catch/Month 1962-1978
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Figure 23.
Clearwater River Wild Summer Steelhead Run Timing
As Measured by Sport Catch 1962-1978
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The tribal catch records from 1934 to 1978 (Tayl®r9) indicate a summer
steelhead run timing that is heavily skewed tow@ctbber as indicated in Figure 24.
This suggests an historic stock whose river emicjuded a fall run timing similar to that
reported from rivers on Russia's Kamchatka Pereng&dvvaitova et al. 1973) and
Alaska (Johnson 1991) as well as a smaller, mguiedalysummer run with a timing of
June to September. The Queets tribal catch oatding lower mainstem Queets as
compared to the Queets mainstem sport catch ticat®primarily in the upper river,
especially near Tshletshy Creek. The Clearwatert gatch occurs within the isolation

Historic Steelhead Abundance 99



of the Clearwater sub-basin. The Clearwater ch&shtypically been small compared to
the sport catch of the Queets, and nearly nonetigh recent years.
Figure 24.

Queets River Wild Summer Steelhead Run Timing
As Measured by Tribal Catch per Month (1934-1978)
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The question arises, does the tribal fishery prilpartercept those wild summer
steelhead bound for the Clearwater River? The dange of the October tribal catch
suggests this may be the case. If so, has tha td@dch overharvested the Clearwater
stock whose numbers are small and potentially diecjitoward a zero population level?
The high October tribal catch from 1962-1978 whkslii due to the historic fishery focus
on wild coho with a return time in the Queets Systeom September through December
(SASSI 1994). Since the early1980s the tribaldighhas targeted on hatchery coho that
return to the Salmon River of the Queets with atiexaun timing of September to mid-
October (SASSI 1994). The tribal coho fisheriedath eras would have included wild
summer run steelhead that return in the fall whvels clearly evidenced in the summer
steelhead catches reported.

Although hatchery summer steelhead smolts arstooked in the Queets basin,
hatchery summer run steelhead from other riveey $irto the Queets River (Houston
and Contor 1984; and SASSI 1994). The origin es¢hfish are likely from the Quileute
system where they have been annually released 38¥¢e(WDFW 2006) with adult
returns beginning in 1979. 1979 is when large nensibf straying hatchery summer
steelhead began in the Queets basin, as wellths iHoh and the Quinault as indicated
by Houston and Contor (1984).

Queets River historic summer steelhead data mieell to tribal and sport catch
records. There have been no spawning escapenignates and there is no escapement
goal (SASSI 1994; SaSI 2003). However, in 1953tibal catch was 373 steelhead
(Taylor 1979) as depicted in Figure 25. The ergath was in the month of October
that year with apparently no other tribal catclodfthat summer. Summer steelhead
sport catches were not recorded until 1962, bu@gear sport catch average from
1962-1971 was 229 summer run steelhead from thet®&ver basin. If that sport
catch estimate is used to represent the 1953 susterthead sport catch, it results in a
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total catch of 602 wild summer steelhead in 1963arvest was 50% of the run size,
1,204 wild summer steelhead returned to the Quesestim in 1953. If the lower harvest
range of 30% is used (Myers 2005), 2,007 wild sumsteelhead may have returned in
1953. The more conservative run size estimatepscted in Figure 25, although the
higher estimate may more effectively represent wiiaQueets basin wild summer
steelhead populations were prior to the beginnirgadustrial-scale resource exploitation
in the latter part of the I9century and early 20century. The Puget Sound and
Stillaguamish River steelhead populations in tlaakier era were clearly more abundant
than in the 1950s. However, there are no eanliemser steelhead data than the 1950s
and 1960s for Washington coastal rivers that cbelfbund, and the more conservative
50% harvest figure is sufficient to indicate a gmepletion has occurred.

Figure 25.

Queets River Summer Steelhead History 1948-2001
(Wild Run Sizes Estimated 2x Total Wild Catch; Hatdery/Wild Run Sizes
Estimated 2x Total Hatchery/Wild Catch)
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The run size of wild summer steelhead tbairned in 1953 as computed from
catch data, suggests the Queets basin populatiereslarger than the usual connotation
of the term "small" used in WDFW stock reports ($A%994; SaSI 2003). However,
there has been a profound decline since 1953 dsmvirom Figure 25, and certainly
smallfits what the present populations likely are.

In 1980, when the author of this report was emgdbin a fishing tackle store, he
had several discussions with a man in his 50s velgaib fishing with his father and
brother at Tshletshy Creek'’s entry to the uppere@@ue the early 1950s. For more than
25 years their family had kept a cache tied othimtrees where they returned to camp
regularly each summer after hiking to the site. ddecribed Queets River steelhead as
the "glue" that kept he and his brother's familaggether after their father died, both of
them traveling from California to renew their tieseach other and the legacy of the
Tshletshy camp. But in the summer of 1979 theyenthd decision not to return
thereafter. The number of fishermen packing irgbl&tshy Creek had steadily mounted
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from the late 1960s onward. He indicated the fighbegan to collapse by the early
1970s which he attributed to too many steelheanigolearvested by the increased number
of anglers focusing on the Tshletshy Creek destinatrea for summer run steelhead.
That initial collapse in the summer steelhead sgaith is clearly evident in Figure 25.

However, it is the catch data trends from 1988001 (Figure 25) that are
particularly alarming. The wild summer steelhetmtlss of the Queets and Clearwater
would appear to be approaching population leveds mnero. Because sport fishing has
been limited to wild steelhead release since 18#2wild sport catch has understandably
reached the zero level. Nevertheless, the sptut ¢eend from 1985 t01991 was already
approaching that level.

Of particular concern is the continuing line oé thatchery component of the sport
catch (Figure 25). At several points it intersebtstribal catch which is not broken out
into wild and hatchery components. Because thaltdatch includes both hatchery and
wild components, and because at several pointetetof the tribal catch is often the
same as that of the sport catch, it must be asstimaédhost of the tribal catch is also
hatchery steelhead. It has been noted that s@ic@ dummer steelhead catches on the
Queets, Quinault, and Hoh rivers have been domdnayéhatchery fish straying from
unknown sources (Houston and Contor 1984). Furtbee, the combined hatchery/wild
run sizes from 1994 to 2001 (average run size 8ffiB) are little over half of what the
wild run sizes were without hatchery steelhead fd@¥3 to 1978 (average run size of
412 fish), and the 1973-1978 wild run sizes avetagdy 21%-34% of the range
estimated for 1953 (1,204-2,007 fish).

If the tribal catch is an effective sample sizehef mixed hatchery and wild
summer steelhead populations returning to the @umsdin, it is apparent that only a
very small number of wild steelhead are returniigose that do escape would be further
reduced into two populations returning to theirundual spawning grounds. This would
be of particular concern for the Clearwater Rieck which has been identified as the
least numerous (SASSI 1994). Although no snorielesys have been done to attempt to
monitor Queets basin summer steelhead, the ONRnsipg to do so in 2006 (per. com.
Sam Brenkman of the ONP in 2006). The availabta daggest present run sizes of wild
summer steelhead returning to the Queets basimoangore than 100 steelhead, Queets
and Clearwater populations combined. The Cleamnysipulation may be two dozen or
less. The question arises, is the latter alreatigct for all practical purposes? Without
spawning ground surveys or other mechanisms ireftamonitor that possibility, there
is presently no way to know.

WINTER STEELHEAD

The wild winter run steelhead stocks of the Quaats Clearwater rivers are both
considered "healthy" (SASSI 1994; and SaSI 2003js is despite genetic analysis
indicating their similarity to Chambers Creek Haghstock (SaSSI 2003).

Hatchery winter steelhead returns began to bededan the Queets River catch
in 1979 with an upward jump in numbers beginnind®81 (WDFW 2006). However, a
record of actual hatchery smolt releases doescwmirauntil the spring of 1984 (WDFW
2006) with stock origins from the Quinault Natioake Quinault Hatchery and the
Quinault National Fish Hatchery at Cook Creek (SAE®4). About 150,000-200,000
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hatchery winter steelhead smolts are planted mdlueets River system annually
(SASSI 1994; WDFW 2006), and other hatchery wisteelhead adults stray into the
basin (SASSI 1994). Itis thought that the higpleiation of the hatchery fish in sport
and tribal fisheries and differences in spawn topidetween hatchery fish (January and
February) and wild fish (February through June)imine the potential for inbreeding.

Nevertheless, Queets system winter steelheageatically similar to Chambers
Creek Hatchery stock and those of other river©iefNorth Coast of the Olympic
Peninsula (SaSSI 2003). Cederholm (1984) did spesurveys in the Clearwater sub-
basin from 1973 to 1980 prior to when significaatdmery returns occurred. He found
that wild steelhead spawning began in January ih th® mainstem and tributaries with a
higher percentage of early spawning in the tribaegar It is apparent that there is
significant overlap between hatchery and wild spagtimes. Furthermore, the long
period of time that male steelhead remain in aesysvith multiple spawnings
(Shapovalov and Taft 1954; Withler 1966) furthesreases the likelihood of hatchery
and wild steelhead spawning interactions (McMilk201).

Regarding supposed separation of run timing teigeoharvest of hatchery
steelhead without impacting wild steelhead, théohis tribal catch data (Taylor 1979)
clearly indicate that most wild steelhead had #maes early run timing as hatchery winter
steelhead as shown in Figure 26. It would appetrally impossible to heavily harvest
hatchery steelhead without similarly harvestinghvgiteelhead that also peaked in the
Queets River and other Olympic Peninsula riveflSegember, January, and February.

Figure 26.

Queets River Wild Winter Steelhead Tribal Harvest ty Month 1934-1979
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From 1905 to at least 1927, a fish cannery wagperation on the Queets River
(Cobb 1930). Steelhead were listed as cannedathan half the years from 1912 to
1927 when there was a record of how many casescbf §pecies were packed. As
indicated previously, steelhead brought highergwrisold fresh and it was the preferred
market. Because of that, most steelhead probabtg not canned but sold for the fresh
market. Therefore, they may not have always shapvim the commercial catch record.
Nevertheless, in 1923, 1,500 cases of steelheasl peeked at the Queets cannery (Cobb
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1930) with each case containing 48 one pound ¢&h8@0 Ibs). Myers (2005) indicated
that although 50% wastage is figured for chinookrducanning, because steelhead are
smaller and thinner wastage may have been ~70%s Widuld mean that 240,000
pounds of steelhead had been processed by thergammthe Queets River (the nearby
Quinault and Hoh Rivers had their own canneridd)e average steelhead in the Queets
River tribal catch in 1934 weighed 9.8 pounds (hamitten notes in the data sheets from
Taylor 1979). The steelhead catch processed atattwery in 1923 would have been
24,490 steelhead. If harvest was 50% of the rzm, $ihe return would have been 48,980
steelhead; if harvest was 30% of the run sizelawer end of the harvest range used by
Myers (2005), the Queets River return would havent#l,633 wild winter steelhead that
year.

Even these may be conservative figures. As Wild&98) indicated for the
Quinault River in 1895:

"...quite a large number of salmon are taken by Inditor their winter supply of food,
and a small amount ... was sold to buyers..."

It would be anticipated that a considerable nunabateelhead caught on the
Queets River in 1923 were used by the Indiansheir own winter food supply rather
than sold to the cannery. Also, the presenceet#mnery on the Queets River meant
shipping was available that could have accommodaiedale of steelhead to a more
distant fresh fish market. Visiting fish buyersyrfeve commonly exploited tribal
fishermen in the same way as occurred with seafottg, beaver, and bison. This would
not be recorded in the cannery pack.

Figure 27.

Queets River Wild Winter Steelhead History 1923-208
With Historic Catch Compared to Present EscapemenGoal
[Tribal Catch Only Prior to 1948 & Run Size 2x Harvest from 1923-1964]
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As shown in Figure 27, even using the more cons@e/80% harvest range, the
1923 Queets River wild winter steelhead catch amdsize were much higher than any
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recorded from 1934 to 2004. However, the steellmestdry chosen by Washington's
steelhead managers begins in 1972 (SASSI 1994)caensin Figure 28. The
escapement goal was initially set at 4,200 wildterirsteelhead in 1984-85 according to
the 1992 SASSI report (1994); although two otherses indicate the escapement goal
was 2,600 steelhead that same year (Cooper andaloiif92; and Johnson 1992).
Beginning in 1998/99 the Queets River wild winterethead goal was reduced to 2,500
(WDFW 2000). The 1923 run size was an estimate@8€881,633 wild winter run
steelhead. Today's escapement goal is 3%-5% ohis$taric run size. Is an escapement
goal that is 3%-5% of the historic run size and@ffee target from which to manage for
recovery, or to provide for sustainable fisheries?

Figure 28.
Queets River Wild Winter Steelhead History (1972-205)
[Escapement Goal Changes from 4200, to 2600, to 258s Shown]
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Queets River Salmon

One of the present day limiting factors for witdedhead is likely the depletion
that has occurred in salmon. Juvenile steelheae baen found to be particular
benefactors of salmon nutrients through their caea and their eggs (Bilby et al. 1998).

The Queets River was once a more productive satmenthan present. The
runs included an apparently robust sockeye popuats found in cannery records (Cobb
1930). They would have been a river spawninghigory with no lake system having
been in the Queets drainage for thousands of yé#waiever, a large glacial lake was
once present in the Queets Valley (Thackray 1988)the historically large riverine
population of sockeye may be a biological artifda&ting to that ancient lake. Today
sockeye in the Queets River are not even considertteg WDFW stock assessment
reports (SASSI 1994; and SaSSI 2003). For managiepueposes they apparently no
longer exist. Smith and Caldwell (2001) indicdteyt are "healthy" but paradoxically
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indicate they are in low numbers. Houston and Qofit984) indicate Queets River
sockeye were fewer than 100 fish per year by 167¥081.

The Queets cannery records from 1912 to 1927 geavihe number of cases
packed by species each year (Cobb 1930). Eachcoatzined 48 one pound cans.
Using the criteria indicated by Myers (2005; and pem. 2005), cannery wastage was
estimated as 50% for large salmon such as chireouk,70% for smaller salmon such as
steelhead, and harvest was estimated to be 30%eb@8% run size. Average weight per
species for chinook, sockeye, and coho is from ®¥ild895) as found for Puget Sound
salmon. Average chum salmon size is from Wydoski\hitney (1979). The species,
year of high catch, number of cases, total poufidatch processed, average weight per
salmon, number of salmon harvested, and computedize ranges are provided below:

Species Year Cases Total Lbs. Avg. Wt. Harvest UR Size
Chinook 1925 1,745 167,520 20 lbs 8,376 16 76220
Sockeye 1915 1,512 241,920 7 Ibs 34,560 69112)200
Coho 1912 2,500 400,000 8 Ibs 50,000 100,0@)eB5
Chum 1914 1,020 163,200 9.5 Ibs 17,158 34,3693
Pink no record of a catch

For comparisons, today's numbers are:

Species Est. Run Size
Chinook, sp/su ~500-1,000
Chinook, fall ~5,000
Sockeye <100

Coho 2,500-9,000
Chum <200

Pink <100

It's apparent that the Queets River salmon drivesystem virtually no longer
exists. This compares to the experience of salabomdance by Private Harry Fisher in
September of 1890. When separated from a U.S. Aumyey party, lost and wandering
along the Queets, he was at first concerned hestaaye to death but soon found he
could chase down and spear all his needs. BruoerB(1982) quoted Fisher's journal:

"Eagles and ravens were quite numerous today, hadlbg salmon running lively."

This is the same Queets River where tribal bigsgnsist today that what few
chum (dog) salmon return are merely strays fromQbmault River or Gray's Harbor
(SaSSI 2003). They no longer number more than 200914 there was a return of
35,000-57,000 as computed from the cannery re¢aidyear (Cobb 1930). Fisher
recorded in his journal the next day:

"I might as well have selected a camp in Barnunesdgjerie so far as sleep was
concerned. Located near a shoal in the streamatggalmon threshed the water all night
long, in their effort to ascend the stream. Wihinaals ...snapped the bushes in all
directions, traveling up and down in search of fish
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Brown (1982) describes the rarity of the riverwpeg sockeye salmon of the
Queets when he accompanied a tribal biologist twoaday spawning survey. He was
elated when he saw one in Paradise Creek, onestmrkeye. In 1915 there was a
cannery pack of over 1,500 cases of sockeye indgatrun size of 69,000-115,000.

Today what wild coho salmon may exist in the Qsi@etd Clearwater are thought
to be a composite that have may have spawned wittiphe stocks of hatchery coho
introduced into the Queets basin. The harvesined is on a hatchery stock returning to
the Salmon River with run sizes of 10,000-12,000ygar (SASSI 1994). In 1912, 2,500
cases of coho were packed at the cannery (Cobb),1880n size of 100,000-166,667.

Today Clearwater River spring/summer chinook ares@ered "“critical” with 1-5
dozen escaping to spawn (SaSSI 2003). The onlgi®@&aver wild salmon run
remaining that may actually be sustaining itsethveiome hope of a longer term future
are fall chinook now numbering maybe ~5,000 (intetipg escapement into run sizes
from SaSSI| 2003) as compared to a total chinooksizmin 1925 of 17,000-28,000 as
computed from the cannery record (Cobb 1930).

This is a river with 34% of its drainage in natdpark land. Most of the rest is
Olympic National Forest, Washington Department afudal Resources, and Quinault
Indian Nation land — virtually all managed for irsthial level resource extraction except
for the ONP.

Queets River Basin Habitat

McHenry et al. (1996) indicate that although loggon the western Olympic
Peninsula dates to the late 1800s, the liquidatfdhe majority of the old-growth forests
was surprisingly recent and rapid. During the X0&0d 1970s Washington Department
of Natural Resources (DNR) initiated an aggreskigging campaign designed to
rapidly convert the ancient forests to tree farmthe Clearwater basin. To access
resources miles of substandard logging roads wastucted. In the spring of 1971,
two massive landslides from the newly constructgmjing roads devastated Stequaleho
Creek in the upper Clearwater basin.

Smith and Caldwell (2001) indicate the impactsmber harvest and road
building on the rate of landslides and the effe¢toad sediments on instream sediment
conditions have been well studied in the ClearwBtsin. Cederholm et al. (1981)
found significant amounts of fine sediments hadiaudated in spawning gravels in the
sub-basins with high road densities resulting ia@d decrease in salmonid egg survival.
Debris torrent events caused by road failure mbatary of the Snahapish River basin in
1979 had an extreme impact on the cutthroat troptifation followed by only a partial
recovery at half their pre-torrent numbers (Scadatl Cederholm 1996). In the
Matheny Creek sub-basin there are a large numharafannel disturbances from
timber management-related mass wasting eventstaeddoy clear-cuts or roads (U.S.
Forest Service 1995). Similar descriptions of tetldamage are listed in the Salmon and
Sams River sub-basins (Smith and Caldwell 2001).

It is apparent that much of the Queets River bastside the ONP has been
severely degraded by logging and related road nactgin. This, combined with harvest
targeted on early return steelhead in a mixed dishkery composed of both hatchery and
wild steelhead that return at the same time, artidu compounded by hatchery/wild
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interactions resulting from overlapping spawningéiperiods, have all been contributors
to diminishing run sizes that have averaged 6,188 winter steelhead from 1995 to
2005, only 7.6%-12.6% of the historic 1923 run si2elditionally, 1923 was during a
PDO index warm cycle. PDO warm cycles have beanddo be relatively

unproductive for salmon in the North Pacific (Hatel. 1999).

Overharvest and habitat degradation can work isamito thwart recovery. It has
been indicated that populations harvested for bigdtained yields may take longer to
recover from environmental disturbances (Beddingiat May 1977; and Cederholm et
al. 1981).

As long as the Queets River escapement goal remaai?, 500 wild winter
steelhead, 3%-5% of the historic run size, ther®igcentive to solve the factors
presently limiting the ability to achieve wild slieead recovery in the Queets River. The
escapement goal is set so low, and the time frdrasen for representation of wild
steelhead history so limited (as portrayed in Fege8), that it gives the general
impression of relative wild steelhead health rathan severe depletion as exposed by
the longer time scale in Figure 27.

What possible motivation is there to set adegbabgtat protective measures, or
to invest in habitat acquisition for restorationset tight limitations on hatchery
production, when it appears that Queets River stiéelhead are meeting, or nearly
meeting, their determined escapement goals? 3laisnianagement scenario to wild
steelhead extinction in what may be one of theldast remaining salmon and steelhead
habitat areas in the Lower 48 States with 34% efd#isin pristine within the boundaries
of a national park and no urban or agriculturatlieanywhere near the Queets River
watershed. If managers cannot achieve steelheatar here, they can not achieve it
anywhere in the Lower 48.

IV. Quileute River

The Quileute River basin is 70.5 miles (113.knmgavith a drainage area of 629
sq. miles. The average winter flow is 12,090 cithwan average summer flow of 1,000
cfs. The maximum recorded flow has been 101,88@vidh a minimum of 271 cfs
(Phinney et al. 1975). The Quileute system is aiged of four main forks, the Dickey
(86 sqg. miles), Sol Duc (219 sqg. miles), Bogacftiéll sq. miles), and Calawah (129 sq.
miles) rivers. Overall, 30% of the Quileute basimvithin the ONP including 32% of the
Sol Duc basin, 29% of the Bogachiel basin, 20%hefG@alawah basin, and none of the
Dickey basin (Houston and Contor 1984).

The Bogachiel and Sol Duc head near Bogachiel BedIiSeven Lakes Basin
respectively. The Dickey River heads from loweastal hills and Dickey Lake. The
Calawah River splits into the North Fork, SouthlE@nd Sitkum River whose basins are
contained between the Bogachiel and Sol Duc rivers.

The Quileute system has three wild summersteel stocks (Sol Duc, Bogachiel,
and Calawah) and four wild winter steelhead stq€ksleute/Bogachiel, Sol Duc,
Dickey, and Calawah) that are considered distindtraative as identified in the 1992
SASSI (1994) although all four winter stocks haeerfound to be genetically similar
(SassSlI 2003).
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SUMMER STEELHEAD

Run timing of the summer steelhead stocks is thbtggbe May through October.
They are described as historically small runs & fimited by their habitats (SASSI
1994). However, as elsewhere on the Olympic Palansummer steelhead spawning
escapement is not monitored and no escapemenhgsdleen identified. It is apparent
that little is actually known about what the lintitas of their habitat might be. The
stock status is also unknown. About 40,000 hatchkemmer steelhead smolts are
described as being stocked in the Quileute Rivetesy annually (SASSI 1994)
beginning in 1977 (WDG 1948-1978). However, thieialcsmolt release data indicate
numbers typically range 40,000-60,000 (WDFW 200B)e level of interactions
between hatchery and wild fish on the spawning iggsus described as unknown.
Among the limiting factors listed is freshwater habdegraded by forest management
activities. The latter would be particularly preasa in the North Fork Calawah River
and the Sitkum River that are outside the protaadiothe ONP.

Figure 29.

Quileute River System Wild Summer Steelhead History1946-200:
[Run Size Estimated 2x Catch 1971-1978]
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Figure 29 displays the catch/run size trends fateQte wild summer steelhead
from 1946 to 2003 with data from the available $pod tribal fishery records (WDG
1948-1978; Taylor 1979; and WDFW 2006). Figured&plays the difference in
summer steelhead harvest scale once hatchery sustee#tead were introduced to the
Quileute system with smolt releases in 1977 (WD@819978) and the first adult returns
in 1979 (WDFW 2006). Notations have been adddubth figures from which to better
draw conclusions from the data.

Regarding time scale, wild steelhead informatmntfie Quileute system is
primarily limited to 1962 onward when sport caton summer run steelhead was initially
recorded on punchcards in Washington (Royal 1972 lone data point prior to that is
the tribal catch of 15 summer run steelhead in Ratdikely incidental to a more primary
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target of salmon. Chinook, sockeye, coho, pinkl, @mum salmon were all included in
the records from Mora cannery on the Quileute Rir@n 1912 to 1915 (Cobb 1930)
and the summer through fall run timing of summeebtead would have coincided with
the migrations of all five salmon species that omtarned to the Quileute system.

Figure 30.
Quileute River System Summer Steelhead History 1948003
[Wild Run Size Estimated 2x Catch 1971-1978]
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Specific fishing interest in summer steelheadnaasured by both sport and tribal
catch, began to increase in the Quileute system the mid 1960s through the mid
1970s (Figure 29). The combined sport and trib&dlt of 618 wild summer steelhead in
1972 provides the best indicator of what earlistdric run sizes may have been. If catch
was 50%, the run size was 1,230 fish; if catch 8@%, the run size was 2,060 fish using
the harvest to run size range used by Myers (200Bjs is undoubtedly a low historic
estimate. Summer steelhead catches in the 195®stfre Hoh and the Queets indicate
summer steelhead were even more abundant in tHigtr ea, and the pattern of wild
steelhead run sizes going back to the earfy@mtury or late 19 century, when
available, indicate that steelhead were much mon@dant in Washington at that time
than in the 1950s.

It is apparent that summer steelhead catch effarhatically increased from 1979
onward in the Quileute system when the introdudezh&nia stock of hatchery summer
runs began to return (Figure 30). However, bectheseaild component of the catch was
not broken out of the total sport catch on punati€antil 1986, what the impact of that
increased catch effort may have had on the wildnsensteelhead populations destined
for the Sol Duc, Bogachiel, and Calawah sub-basamsonly be suggested by the
relatively high level of the sport catch in 1986igthwas on the long slope of a decline
thereafter. No surveys have ever been made towemiwild summer steelhead
escapement to the spawning grounds (SASSI 199d)theme is no tribal record beyond
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the combined hatchery/wild catch that is includethie total hatchery/wild catch along
with the hatchery/wild sport catch in Figure 30.

From 1992 onward, sport fishermen in Washingtorewequired to release wild
summer run steelhead. Released wild steelheadreeseded on punchcards until that
policy was discontinued after 2003. Some wild Ibie@d released by sport fishermen
were probably caught and recorded more than ombe would have resulted in a
somewhat inflated sport catch of wild summer stesthfrom 1992 onward as recorded
on punchcards. The recorded sport catch reledseitdsummer steelhead ranged from
a low of zero in 1998 to a high of 58 in 2000 (WDRB06). If that catch indicator was
inflated, it raises grave concerns regarding wihaiwild Quileute system summer
steelhead status may actually be:

* Do enough wild summer steelhead return to eacheoftiree or more spawning
destinations represented by the Sol Duc, CalawahBagachiel sub-basins to
sustain future returns?

» If and when the few wild summer steelhead reacin §pawning destinations,
will hatchery origin steelhead occupy their spawngnounds in greater numbers
as is suggested by the total hatchery/wild catch?

Figure 31 provides the Quileute River wild summuar steelhead run timing as
recorded in the Quileute tribal catch from 1972938 (Taylor 1979), and Figure 32
provides the wild summer run steelhead run timorgefach of the destination sub-basins,
the Bogachiel, Calawah, and Sol Duc, as measuregdry catch per month during a five
year period of relatively high catches between 186@ 1972.

Figure 31.

Quiliute River Wild Summer Steelhead Tribal Catch/Month 1972-1978
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The tribal catch would have occurred in the Quéedownstream of the entries of
the summer steelhead sub-basin destinations. ighertproportion of the tribal catch in
May (Figure 31) might include late entry winteredteead combined with spawned out
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kelts on their ocean return. Otherwise, the pattérthe tribal catch in the lower
Quileute system indicates a gradually building etward an August peak that
diminishes in September followed by a late secongank in October.

Figure 32.
Bogachiel, Calawah, & Sol Duc Wild Summer SteelheaRun Timing
1968-1972
As Measured by Sport Catch/Month
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The sport catch in the three sub-basins (Figuyeedects similar wild summer
steelhead run timing in the Bogachiel and Sol Dt progressively builds throughout
the summer to a late summer and fall peak. BuCtddawah wild summer run peaks
more suddenly in July with a somewhat lower platéa@ough late summer and fall. If
run timing is indicative of some inherent genetitedences, the Calawah wild summer
steelhead population may be distinct from thahefBogachiel and Sol Duc. This may
in part be explained by the high gradient and mpldtfalls of the Sitkum River which is
the dominant return destination for wild Calawamsuer runs as explained by John
McMillan, salmon ecologist for the Wild Salmon Cerd Olympic Peninsula field
station, who snorkel surveyed the Calawah/Sitkublsasins in September and October
of 2002, 2003, and 2004 when maximum summer stadlhembers would be expected
(per. com. John McMillan, 2006). The WSC countsnovided in Table 17.

The Sitkum River is a small sub-basin of very tedihabitat. The Sitkum sub-
basin is further broken into what may be a numlbeeparate habitat niches created by a
series of bedrock falls. The last of these istal toarrier at RM 9.9. The falls at RM 7.2
is particularly significant, but the wild steelhegifiectively ascend it, as well as three
other waterfalls downstream of it that are alleatdt seven vertical feet in height (per.
com. John McMillan and James Starr of the WSC, p00Bese same falls apparently
exclude 98% or more of hatchery summer steelhesating a natural genetic reserve for
wild summer run steelhead.

In the three years of surveys, only one hatchemsilsead has been found
upstream of the four major waterfall barriers arded in Table 17. That lone hatchery
steelhead was part of a wild count of an estim@tedild summer steelhead that were
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otherwise wild, or less than 1.5% of the total grtbove the series of selective
waterfalls. By contrast, in 2003 a total of niredhery steelhead was counted in the
lower Sitkum downstream of the series of falls38% of the total 24 steelhead counted
in the Sitkum that year.

Table 17. Sitkum & Calawah River snorkel survey results (Mt&fi and Starr 2006)

Date Stream RM of surveys Steelhead (wild)| Steelhéghatchery)
Oct 4" wk, 2002 Mainstem Calawah (entire) 52 213
Oct 4" wk, 2002 S. F. Calawah (entire below ONP) 25 1
Oct 4"wk, 2002 | N.F. Calawah (entire) 2 0
Sep 12-19, 2002 Sitkum RM 0.0-7.5 4 0
Oct 37wk, 2003 Mainstem Calawah No survey - -
Oct 39wk, 2003 S.F. Calawah (entire below ONP| 2 0
Oct 39wk, 2003 | N.F. Calawah (entire) 8 2
Sep 20-23, 2003 Sitkum RM 0.0-9.9 15 9 (all belalisj
Oct 29wk, 2004 Mainstem Calawah (short index reach 4 6
Oct 2wk, 2004 | S.F. Calawah (short index reach 0 0
Oct 29wk, 2004 N.F. Calawah (short index reach 0 0
Sep 29, 2004 Sitkum (lower index) RM 0.28-0.32 0 0
Sep 29, 2004 Sitkum (mid index) RM 6.75-6.89 0 0
Sep 29, 2004 Sitkum (upper indek) RM 8.66-8.84 30 1
Sep 29, 2004 Sitkum (outside 40 0
index areas)

The Sitkum River may presently be the only wildhsoer steelhead destination
on the west side of the Olympic Peninsula whergtqilation size may be holding its
own and where hatchery summer run steelhead haw®npromised their ability to do
so. Although small numbers of coho also enteiSitleum, occupying surprisingly steep
habitat that can be as much as 18% gradient owet idaches as determined by a few
pods of juvenile coho (potentially a unique stoceig,coho have been found above the
series of higher falls, nor have any cutthroattt{@ncorhynchus clarki clarki[per. com.
John McMillan, 2006]. Deepest penetration upstreahmited entirely to summer
steelhead as apparently selected for by the isolatieated by waterfalls, and which
almost entirely exclude hatchery steelhead entwedls

Passage into the Sitkum River is also determiryechinfall and related discharge
patterns that create or deny entry past the wélterfa002 was the"d driest year in
Forks, Washington weather records kept since 183%2003 was among the 10 driest
years (per. com. John McMillan, 2006). In 2002 émtire lower 10 miles of the North
Fork Calawah River went subsurface except for @@ (which held two wild
steelhead). Other less extensive areas of thev@hlaystem also went dry. Snorkel
surveys on October 29, 2002 found only four sumstezlhead had made entry to the
Sitkum (all wild), while 79 wild summer steelheaén& found in other parts of the
Calawah sub-basin along with 214 hatchery origmmeer steelhead (213 in the
Mainstem Calawah and one in the South Fork CalawBly)that late date, it was
assumed all 214 of the hatchery steelhead wouldiredispersed in the Calawah system
and would naturally spawn.

Most wild steelhead counted in the mainstem Walhain late October of 2002
were thought to have made entry to the Sitkum Rii#r the first November freshets,
and a few likely went beyond into the uppermosttBétork Calawah (per. com. John
McMillan, 2006). The only evidence of wild sumnsteelhead spawning in the Calawah
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system as observed in WSC surveys have primaréy oethe Sitkum River along with
some evidence in the South Fork Calawah in its upgaehes in the ONP (per. com.
John McMillan, 2006). The South Fork Calawah wgestn of the Sitkum's entry has
potentially selective waterfall features, but tlaeg not thought to be as limiting in size or
number as those of the Sitkum.

In 2003, only 15 wild summer steelhead made it tive falls into the upper
Sitkum while nine hatchery steelhead lingered eltdwer Sitkum. Unfortunately,
counts in the mainstem Calawah could not be maateytrar (per. com. John McMillan,
2006), but eight wild summer steelhead and twolteaicsummer steelhead were
counted in the North Fork Calawah, and two wild swensteelhead were counted in the
South Fork Calawah. The wild steelhead found éNlrth Fork Calawah may have
eventually gone to the Sitkum once flows allowedgage with the first late fall freshets.

In contrast to the extreme drought year of 2002tae slightly less severe
drought of 2003, freshets occurred in both July @apgtember of 2004 (per. com. John
McMillan, 2006). This apparently provided good ege into the upper Sitkum. Instead
of entire river counts in 2004, index reaches vodi@sen due to time limitations and the
risk of high flows suddenly occurring in the falhigh can terminate the ability to do
long snorkel survey reaches. A total of 30 wilthsoer steelhead and one hatchery
steelhead were counted in the short index readndkd lower, mid, and upper Sitkum.
In order to access those index reaches, other afé¢las Sitkum were similarly observed
en route with an estimated count of another 40 stéelhead.

The rest of the Calawah system was also brokentapndex reaches. In the
short mainstem Calawah index reach, four wild ardhatchery summer steelhead were
counted. Asin 2002, it indicated that hatcheegbtead outnumbered wild steelhead in
the mainstem. Neither wild nor hatchery summeglaesad were found in the other short
index reaches.

The snorkel surveys probably did not count alhef summer run steelhead in the
Calawah River system in 2002, the lone year ameegyistem survey was accomplished
(excepting the South Fork Calawah in the ONP wisalot snorkel surveyed). From the
data collected in the WSC snorkel surveys, it isveded that about 100 wild steelhead
may have escaped to reach the Sitkum River in 2002004 (per. com. John McMillan,
2006). That is a small population in a small, rdjgtream reach, but it apparently
remains little compromised by hatchery steelhedyemd is sustaining itself.

There is a similar instance of water fall barrieirsually eliminating hatchery
summer steelhead entry to historic wild summeriséael habitat on the upper
Washougal River, a sub-basin of the Lower Colunitiieer. Upstream of Dougan Falls,
Washougal River snorkel surveys from 1985-1991 fod¢b-4% of the summer
steelhead annually counted had missing adiposdHatsvould be indicative of hatchery
origin. However, immediately downstream of Doudratis the steelhead counts were
annually composed of 5%-40% hatchery origin stelh@®cMillan 2001).

Electrophoretic analysis of Washougal River summaersteelhead later
supported the snorkel survey findings. No ger&tidence of interbreeding between
hatchery and wild steelhead was found to have oedun samplings upstream of
Dougan Falls (Phelps et al. 1994). Although ré@sglhigh mortality of hatchery/wild
steelhead crosses may result in so few survivingemy that they may never show up in
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the samples taken for genetic testing (McMillan 0@ remains that such crosses have
been found to occur in a number of Washington stee@helps et al. 1994).

Figure 33 illustrates the magnitude of the probtdrhatchery summer steelhead
that may escape to spawn in the Sol Duc and Calawaits, in particular, since hatchery
summer steelhead introductions began in the Qeileygtem in 1977 (first adult returns
in 1979). If the sport catch was representative,Galawah/Sitkum historically had the
smallest of the three Quileute stocks of wild sumsteelhead.

Figure 34 portrays the Calawah and Sol Duc Ripertscatches of wild steelhead
from 1968-1978 (prior to hatchery introductionsyidrom 1986-2003 when anglers
could separately record wild from hatchery steadh@atheir punchcards once hatchery
steelhead were marked with a missing adiposeRarticularly high is the catch of
hatchery steelhead in the Calawah as compare@ teforted wild catch, although the
number of Sol Duc hatchery steelhead caught ishatgo(remembering that from 1992
onward wild summer steelhead had to be releasedoold be reported on the
punchcard). It is apparent from this, that if ére& not for the wild summer steelhead
isolation in the Sitkum provided by the waterfaits;ould be a particularly threatened
wild population, potentially even more so than 8@ Duc population presently is.

Figure 33.

Bogachiel, Calawah, & Sol Duc River Summer SteelhdaSport Catch,
Wild from 1968-1970 (before hatchery introductions) & Combined Hatchery
& Wild from 1979-1990 (after hatchery introductions)
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A curious aspect of Figure 34 is the comparativedhh number of wild steelhead
initially caught in both the Calawah and Sol Dud #86 and 1987 after hatchery summer
steelhead were adipose clipped. This was aftedd®ayears of even higher hatchery
returns having occurred as shown in Figure 3%oulild represent the component of the
hatchery catch that may have had a life historhade years at sea (rather than the more
typical two years) which would not have been adgpios-clipped on return in 1986,
although that would not explain the sport catch #ti#l remained somewhat high in
1987. It might also mean that in some years haycsteelhead spawning in the wild had

Historic Steelhead Abundance 115



more success at effectively rearing and later nefdias "wild" adults with adipose fins.
Only genetic analysis at the time would have detbthat potential.

Figure 34.

Calawah & Bogachiel Sport Catches of Wild & Hatchey Summer Steelhear
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The Sitkum River above the falls represents the kummer steelhead habitat
niche on the west side of the Olympic Peninsulare/itds known that virtually no
hatchery summer run steelhead are presently egtericompromise their ability to
effectively sustain themselves. This is reflegtetheir larger population size compared
to snorkel survey results from other west side QiynPeninsula summer steelhead
habitat areas (Brenkman 2006; McMillan and Staf&0

Sam Brenkman (per. com. 2006) indicated that OMNfPkel surveys were
extensive in 2005 and wild summer steelhead papukain other areas of the ONP were
found to be even lower than those recorded foSingth Fork Hoh in Table 12:

"...our observations from 2005 revealed low numbédult steelhead from June thru
September in several rivers including BogachielFK.Quinault, E. Fk. Quinault, and
Sol Duc in reference reaches of Olympic NationakPavly crew conducted ~65 surveys
in 6 rivers and covered over 350 rkm's last yefe will repeat the sampling effort in
2006."

The magnitude of how low those numbers in therdtiileutaries of the Quileute
system are is revealed by the ONP counts in th®8oland Bogachiel sub-basins.

In 2005 the ONP did ten snorkel surveys of theau@nl Duc River in an index
reach from RM 62.7 to RM 60.0 just upstream of$iaémon Cascades between M&Yy 2
and September ¥2(Brenkman 2006). This section was chosen aprésumed
destination of Sol Duc wild summer steelhead, wischlso the destination for the wild
summer run of coho. However, only one summer Iséael was counted, that being on
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July 28". Whether that lone summer steelhead was wildneasletermined. Although
there was a peak count of 15 steelhead on M3ytZonsisted entirely of what were
thought to be winter steelhead (many of them rétgrkelts), not summer steelhead.
The second highest count was May'8#hich was four more outmigrating winter
steelhead kelts.

From June $to September 150f 2005, the ONP did ten snorkel surveys of the
Bogachiel River from the confluence of Indian Créekhe ONP boundary (about six
miles) [Brinkman 2006]. Only one summer run steallhwas counted. It was identified
as wild.

The Sitkum wild steelhead population remains simathny self sustaining
steelhead population standard, but its counts@rgaratively robust to those of the Sol
Duc and Bogachiel and compared to other wild sunstesihead populations on the
Olympic Peninsula. The Sitkum's fragile futuretsa®ot in management mechanisms
presently in place, but solely in the natural pdevice of waterfalls.

Habitat threats in the Sitkum basin include pagging in the Olympic National
Forest with remaining deteriorating roads that &thée abandoned, culverts removed,
and the beds water-barred and revegetated (pet.Jadm McMillan, 2006). No part of
the Sitkum basin is included in the ONP. The bakiould be managed for long-term
restoration of an old growth forest to maximizetpotion of the steep walled canyon.
The importance of the Sitkum River warrants classifon as a bio-reserve with fishery
management criteria put into place to permanentyre that hatchery steelhead are not
released there and that snorkel surveys continaartaally monitor the escapement
levels and any alterations that may occur in thle fiumbers, species, and stock origins
(hatchery or wild).

The Sitkum River stands out as a key stock of si&tlhead and key habitat area
that should be targeted for maximized protectiat Would of necessity include focused
enforcement due to the vulnerability of steelheaduch a small stream during lengthy
oversummering.

The present plight of Quileute system wild sumnteeldiead is out of context
with its recorded sport fishing history. Claudesltier (1948) described the expected
fishing for the Sol Duc River in the bo&kteelhead

"Excellent for both winter and summer steelheadyeab as resident trout through the
summer ..."

Kreider indicated he collected his informationnfrehe Fish and Game
Departments, local sources known for reliabilityfrom his own experience of rivers in
the three states whose steelhead fishing he wbateta

In a fishing guide book to the State of Washingtenear (1956) listed 34 of the
best summer run steelhead streams which includedueute tributaries that were
likely spawning destinations: the Calawah Riveswascribed as best in May and June
in the upper river; and the Sitkum River (tributafjthe South Fork Calawah) was
described as best in August, September and October.

These historic sources indicate wild summer sesaltwere abundant enough to
sustain sport fisheries that were described byaatomide steelhead writer as "excellent"”
in the Quileute system prior to 1948 and well erfolaigown to be included in a list of 34
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summer steelhead angling destinations in a 195einMgton State fishing guide. The
1972 combined sport and tribal catch of 618 stesllsibstantiates that a relatively large
summer steelhead population once returned to thle @& system as a whole with a
1972 run size that would have been 1,236-2,060 suldmer steelhead depending on
whether harvest was 50% or 30% of the run sizesather times they were undoubtedly
even higher, but no older historic record coulddaend than one small tribal catch in
1946 with fishing effort limited to October.

Today wild summer steelhead are a depleted naiitythe limited habitat area of
the Sitkum River providing the last stand for wsldmmer steelhead with a population of
no more than 75-100 and the combined Quileute pdipuls elsewhere now no more
than 25-50, at best, as suggested by snorkel stinaiggs.

WINTER STEELHEAD

The Quileute system is considered to have fouimdiswinter steelhead stocks
that return to the Quileute/Bogachiel, Calawah kBic and Sol Duc rivers (SASSI 1994)
although all are genetically similar (SaSSI 2008)though the WDG (1948-1978)
records examined did not indicate a hatchery pigrttistory into the Quileute system
until 1960, Bahls (2004) indicates that in 1953 4886 there were releases of Chambers
Creek origin hatchery steelhead into the Sol DueRsub-basin. However, hatchery
steelhead programs prior to development of the @relyy pellet diet put into use in
1960 in Washington evidently had limited success@id not significantly contribute to
overall statewide returns (Royal 1972).

At the time of the 1992 SASSI report (1994), abth@,000 hatchery winter
steelhead smolts were planted in the Quileute Riystem annually, but since that time
the average has been over 200,000 (WDFW 2006)ordoty to WDFW there is little
contribution to the wild stock from hatchery fighasvning in the wild. Because of high
exploitation rates on the returning hatchery adofitsbout 80%, healthy spawner
escapements, and the difference in spawn timingdsat hatchery fish (January and
February) and the wild fish (mid-February throughy it is also thought the potential
for interbreeding is limited (SASSI 1994).

However, in a study of steelhead mating in thea@ah and Sol Duc rivers, wild
winter female steelhead were found spawning fronudey 2910 July & (McMillan
2006 [in prep.]).

Peter Bahls (2004) expressed considerable coadxnun hatchery steelhead
returning to the Quileute system. He recommendeelaluation of the hatchery
straying rate into the Sol Duc River from the Bdgathatchery facility which may
threaten the genetic integrity of the early timedtipn of the wild winter run. He also
recommended ceasing operation of the Snyder Créddkovood stock rearing pond
facility on the Sol Duc River (operated by Olympieninsula Guides Association) due to
the lack of significant contribution to the catetbout 2% of the sport catch in 1994-95
and 1995-96), for taking wild spawners off the speng grounds, and due to unknown
genetic risks to the wild population. Bahls (2004}her suggested:

"Evaluate the strategy of 100 percent wild prodoctversus continued hatchery
supplementation for long term sustainability andguction of winter steelhead in the

Historic Steelhead Abundance 118



Quileute system. The major concerns in the SolRuer revolve around the impacts of
hatchery production facilities in the Quillayute, terms of mixed stock fishery in
depressing the early timed portion of the wild aimd potential genetic impacts from
straying of hatchery fish. Restoration of the gdirned run to the Sol Duc River along
with higher escapements in the basin, may provideerfish for harvest than currently
provided with hatchery supplementation and at moualer risk to the survival of the

wild populations.”

The escapement goal of 5,900 wild winter steellfeathe Quileute River system
was set beginning in 1984-85 (SASSI 1994). Dutireg1978 through 1992 return years,
the wild winter steelhead run in the Quileute systeas comprised of 14.3% sport
harvest, 16.7% tribal harvest, and 69.0% escapent@werall harvest averaged 31% of
the total run size.

As depicted in Figure 35, from 1978 to 2005 wilahter steelhead returning to
the Quileute River system have often well excegtledescapement goal of 5,900 fish,
although available catch records of wild winteestead between 1948 and 1961 (WDG
1948-1978), indicate overall run sizes were soméWwigher than present during that
earlier Quileute era prior to sustained hatchesgleiead returns if catch was assumed to
be about 30% of the run size (as is the case entdustory). The sport catch was on an
apparent upward progression from 1948 to the m&D49and from 1953 to 1961
exceeded the tribal catch. This may reflect anei@®e in steelhead sport fishermen that
occurred in that period of time. Steelhead spshermen in Washington increased 63%
from 1954-1961 to 1962-1969 (Royal 1972). Theipaldrly low sport catch in 1948
may reflect the relative lack of sport fishing e at that time which could have
resulted in a higher escapement and higher subseguesize than depicted.

Figure 35.
Quileute System Wild Winter Steelhead History 194&005
Compared to Modern Escapement Goal
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Figure 36 compares Quileute River system wild anisteelhead average catch
and run size differences that have occurred bet@6é6-1961 (prior to sustained
hatchery steelhead returns) and 1978-2005 (afstaisied hatchery steelhead returns).
The average wild tribal catch has increased fradd3 o 2,522 (30% more); the average
wild sport catch has decreased from 3,180 to 1(86% less); the total average catch has
decreased from 5,284 to 4,385 (17% less); andvbeage run size has decreased from
17,614 to 14,568 (17% less).

Figure 36.

Quileute River Wild Winter Steelhead
Comparisons of Average Catch and Run Sizes:
1946-1961 prior to hatchery introductions (catch €s30% run size);
1978-2005 after hatchery introductions
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From the available numerical record depicted guFe 36, Quileute system wild
winter steelhead appear to have held their owreb#tain other wild steelhead
populations in Washington. The losses that haceroed appear comparatively modest.
In this respect, the Quileute system is an anomaher than the norm in the state.
However, without an historical baseline that docota¢he beginnings of industrial level
commercial fisheries in the Quileute system regayditeelhead harvest, present
assessments of the steelhead stocks remain obdwutiedt lack of historic perspective.

No catch record for steelhead earlier than thakicatch of 1946 was found for
the Quileute River system. As previously indicaedannery was in operation at Mora
near the mouth of the Dickey River from 1912 thiod@17 (Cobb 1930). This meant
that shipping was available to potential fresh fistwrkets which Wilcox (1898) indicated
were preferred for steelhead. This could explagirtabsence in the Mora cannery
record. Given the large historic catch of steaedhgacked on the Queets River in 1923
(Cobb 1930), and given the declines of virtuallyo#ther wild steelhead populations in
Washington that have records to the ear} @ntury (or earlier when available), it is
reasonable to assume the Quileute system hasxgsaenced a significant decline in
wild winter steelhead since that point in timedrich no record now exists.
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Of particular concern, there have been measuedtdeations that have occurred
to the Quileute wild steelhead stocks. The histarictiming of wild steelhead as
measured through tribal catch from 1946 to 1958dnamatically altered as depicted in
Figure 37 (data from Taylor 1979). The wild steglti began entry in November and
obviously peaked in January with virtually the samne timing as that described for
hatchery steelhead of Chambers Creek stock or@iavford 1979; and DeShazo 1985).

Figure 37.

Quileute River Wild Winter Steelhead Tribal Catch/Month 1946-1958
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Bahls (2004) indicates: "...a marked hatchery retuming experiment found that
186 of 397 (47 percent) of the wild steelhead teairned from December through April
of the 1954-1955 season returned in December anthda” The experiment Bahls
referred to was on the Sol Duc River and did noluide the November catch of the
1954-1955 historic wild winter steelhead returrg(FFe 37) because the sport fishery did
not begin until December while the tribal catchurced throughout the year. If the
November component had been included, it wouldabe t® assume that at least half the
wild winter steelhead returned prior to Februarg ®54-1955.

Because wild Quileute winter steelhead had theesaim timing, and because
they were subjected to the same high harvest (@besit 80%) in a mixed stock fishery
that targeted hatchery steelhead (SASSI 1994)gibhtnbe anticipated there would be a
gradual elimination of wild steelhead with simitan timing as that of the hatchery
steelhead. Subsequent figures will demonstrasehids indeed occurred (Figures 39, 41,
43, and 45).

The Washington steelhead managers (and tribal geasiawell knew the run
timing of wild winter run steelhead in the statediyeast 1979. A detailed analysis of
tribal catch during that period of time was madeMpG when both the tribal and state
managers were developing more coordinated hanaess ;1 the wake of the Boldt
Decision. This is evidenced by a report from Balylor (1979) of WDG to John Bishop
of National Marine Fisheries Service dated Jan@ary1979. All of the historic tribal
catch figures provided in this report come front tthata. Despite that tribal catch
evidence, a mythology continued to perpetuate wiDG, WDW, WDFW, and all of
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the tribal fishery managers in the Boldt Case afé&ashington that protection of wild
steelhead was being provided by focusing harvesh@early component of the winter
run as is clear from the development of the subseiggalmon and steelhead stock
reports (SASSI 1994; and SaSSI 2003).

Furthermore, WDFW (1996) was warned of the conseges of the results of
focusing harvest on the early run component ofils¢eel returning to the Sol Duc River
in 1994 in a report to the Washington Wildlife Comsion from Brian McLachlan.
Nevertheless, the warning was subsequently tragdliby WDFW in the body of the
response to the Commissioners (and McLachlan) e separate consulting report in
Appendix D of that response in which Dr. Peter Habncluded (bold type is Dr.
Hahn's):

"The sport catch of wild winter steelhead in the $lic River in December
does seem to be significantly lower now than in t@50's. We can explore other
adjustments to the data but the differences in Déez are so great that | believe they
will remain. The next task is to figure out whegrthis this difference for December. |
suggest some possible explanations of immediatecauThese are (in order of
decreasing likelihood ...):"

"1. Fewer early timed wild fish now return to thear and therefore fewer were
available to catch and keep ...

"...I was involved in many tribal —state negotiaidrom 1978 to about 1984.
The general pattern was to concentrate net fisleffigrt in December and January in
order to harvest early timed hatchery steelheadh Yawer effort fisheries extending into
the subsequent months. It appears that there sudvstantial harvests in November
through February for the 1950's. | recommend §wt graph these and discuss their
implications...

"One last thought. You should probably emphasizeimerical and graphic
form the quantity of hatchery steelhead harvestdtieé Quillayute River System (both
sport and tribal), and estimate the amount of wiieelhead lost. Current and proposed
management policies can then be considered alotigwy¥id and hatchery stock benefits
and losses."

Apparently, Dr. Hahn's advice was never taken iy, and perhaps the
advice was too subtly made. Dr. Hahn never dithfahtly state the actual problem he
was hinting at: focus of harvest on the earlyotihatchery steelhead was equally
targeting the historically dominant early componefnthe wild steelhead as well with
gradual elimination of the latter.

There never have been any subsequent managenaegestto alter the
consequences of overharvesting the early comparie¢né wild steelhead return in the
Quileute system, or elsewhere in the Washingtothenl2 years since McLachlan took
the time and care to submit his report to the WddCommissioners. The graphs Dr.
Hahn suggested WDFW create a decade ago, regaplimgand tribal harvests with
consideration of the consequences, are the cgmtraisions of this report. The Quileute
system is particularly complex with four major dodisins. The tribal fishery is limited to
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the short reach of the Quileute itself. It is xed stock fishery on four stocks of wild
steelhead destined for differing sub-basins furtteenpounded by large numbers of
hatchery steelhead. In the absence of where vatks in the tribal catch are annually
destined, sport catch and escapements are theniagnaieasures with associated risks
of not knowing the run sizes to each sub-basin.

Individual Quileute Sub-basin Winter Steelhead Comgrisons:

The Quileute system is made up of four major subrisaeach with its own
identified stock of steelhead (SASSI 1994). Wirtierelhead comparisons are provided
for each regarding differences in sport catch pagtecontribution of hatchery fish,
escapements, and shifts in run timing that haveroed. Figures 38, 40, 42, and 46
provide the sport catch and escapement patterigsires 39, 41, 43, and 45 demonstrate
the run timing differences that have occurred essalt of the joint management of
steelhead by WDFW and the Quileute tribal fishegnagers. The run timing shifts that
have occurred are least apparent on the DickeyrRalough that is based on very little
historic data) but very prominent for the wild skead of the Bogachiel, Sol Duc, and
Calawah.

Figure 38.
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Figure 38 provides the recorded sport catch aodpesnent history of the
Bogachiel/Quileute River sub-basin from 1954 to2(fata from: WDG 1948-1978; and
WDFW 2006). Because the tribal fishery only tagkce in the mainstem Quileute,
where the catch might have been destined couldendietermined for individual sub-
basins. This also means there can be no run siireages for each individual sub-basin
of the Quileute system from which to monitor theaass or failure of whether
escapement levels are effectively sustaining the steelhead population size of each.
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Figure 39.
Shift in Run Timing of Bogachiel River Wild Winter Steelheac
Over 45 Years as Measured by Sport Catch/Month
[1955 & 1956 compared to 2000-2002]
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Figure 39 depicts the shift in wild winter steelderun timing that has occurred in
the Bogachiel/Quileute River as determined by spatth per month for the combined
years of 1955 and 1956 as compared to the comlyeerd of 2000, 2001 and 2002 (data
from: WDG 1956; 1957; and WDFW 1994-2002).

Figure 40 provides the recorded sport catch aodpesnent history of the Sol
Duc River sub-basin from 1954 to 2002 (data fronD®/1948-1978; and WDFW
2006). As with the Bogachiel/Quileute, the tribatch that may have been destined for
the Sol Duc could not be determined.

Figure 40.

Sol Duc River Winter Steelhead Sport Catch & Escapeent History
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Figure 41 depicts the shift in wild winter steeldeun timing that has occurred in
the Sol Duc River as determined by sport catchnpanth for the combined years of 1955
and 1956 as compared to the combined years of 2000, and 2002 (data from: WDG
1956; 1957; and WDFW 1994-2002).

Figure 41.
Shift in Run Timing of Sol Duc River Wild Winter Steelheac
Over 45 Years as Measured by Sport Catch/Month
[1955 & 1956 compared to 2000-2002]
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Figure 42 provides the recorded sport catch acdpesnent history of the
Calawah River sub-basin from 1954 to 2002 (datafrd/DG 1948-1978; and WDFW
2006). As with the previous sub-basins, the trdzath destined for the Calawah could
not be determined.

Figure 42.

Calawah River Winter Steelhead Sport Catch/Escapenm History
1954-2004
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Figure 43 depicts the shift in wild winter steeldeun timing that has occurred in
the Calawah River as determined by sport catcimuerth for the combined years of
1955 and 1956 as compared to the combined ye&@0&f, 2001 and 2002 (data from:
WDG 1956; 1957; and WDFW 1994-2002).

Figure 43.
Shift in Run Timing of Calawah River Wild Winter St eelheac
Over 45 Years as Measured by Sport Catch/Month
[1955 & 1956 compared to 2000-2002]
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Figure 44 provides the recorded sport catch aodpesnent history of the Dickey
River sub-basin from 1954 to 2002 (data from: W848-1978; and WDFW 2006). As
with the previous sub-basins, the tribal catchidestfor the Dickey could not be
determined.

Figure 44.
Dickey River Winter Steelhead Sport Catch & Escapemnt History
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Figure 45 depicts the shift in wild winter steeldeun timing that has occurred in
the Dickey River as determined by sport catch pentimfor the combined years of 1955
and 1956 as compared to the combined years of 2000, and 2002 (data from: WDG
1956; 1957; and WDFW 1994-2002).

Figure 45.

No Apparent Shift in Run Timing of Dickey River Wild Winter Steelheac
Over 45 Years as Measured by Sport Catch/Month
[1955 & 1956 compared to 2000-2002]
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From Figure 38 it is apparent that the wild wirgerelhead sport catch from 1978
to 2002 in the Bogachiel/Quileute has significamkbclined from that of 1954-1961 (the
limited period of presently available sport catettedfor the Bogachiel sub-basin as
separate from that of the Quileute as a whole) [WId6G2-1986; WDW 1987-1993;
WDFW 1994-2002; WDFW 1996]. From 1978 to 2002hhé&chery sport catch of
steelhead has been highly erratic, sometimes fambe catch of wild steelhead prior
to 1962 and sometimes far above it. Wild escape¢manalso been highly erratic
suggesting some relationship may exist with thelely returns. The erratic patterns of
hatchery catch and wild escapements into the fauleQ@e system sub-basins
characterize the figures for each (Figure 38, Fgll, Figure 42, and Figure 44).

Table 18 compares those limited years prior tog8beel River hatchery
introductions to those years thereafter: the 190@2%port catch of wild steelhead
averaged only 36% of the 1954-1961 catch; and 998-2002 sport catch of wild
steelhead averaged only 24% of the 1954-1961 catdding the average 1978-2002
catch of 1,823 hatchery fish to the average Bogdi€huileute catch of 799 wild
steelhead provides a combined sport catch avefa®)é2? steelhead (hatchery plus
wild), only 417 more than provided by the 1954-18@brt catch limited to wild
steelhead returns. Furthermore, the wild catcwoiginuing to drop over time as
evidenced by the most recent five year average3:P9®2), a combined hatchery and
wild catch of 2,110 steelhead, which is about H¥3 Isteelhead than the average 1954-
1961 catch of wild steelhead.
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Table 18. Bogachiel River average wild and hatchery stesdteport catch comparisons

Avg. Bogachiel wild winter sport catch 1954-1961 25 wild steelhead/year
Avg. Bogachiel wild winter sport catch 1978-2002 974@ild steelhead/year
Avg. Bogachiel wild winter sport catch 1998-2002 858ild steelhead/year

Avg. Bogachiel hatchery winter sport catch 19782200 | 1,823 hatchery steelhead/year

Avg. Bogachiel hatchery winter sport catch 19982200 | 1,615 hatchery steelhead/year

Avg. Bogachiel combined hat+wild sport catch 19782 | 2,622 hat+wild steelhead/year

Avg. Bogachiel combined hat+wild sport catch 19982 | 2,153 hat+wild steelhead/year

On the average, the total sport catch of Bogaateslhead (hatchery plus wild)
has benefited little or nothing in total numbersviriter steelhead caught since the
hatchery steelhead program began in 1962 as cothpratke wild steelhead sport catch
alone from 1954 to 1961. Wild steelhead contrilsig@ificantly less to the Bogachiel
catch now, at least if catch is strictly measurgdhérvest, than they did prior to sustained
hatchery steelhead returns that began in 1962.

On the other hand, this does not take into consiah® that sport fishermen are
increasingly releasing wild steelhead, and incraalesport fishing regulation changes on
the west coast of the Olympic Peninsula have atsowaged this. The level that catch
and release of wild steelhead now contributesdontiid steelhead sport catch is
presently difficult to measure in Washington, ldunhay be highly significant, not
consistently recorded, and little evaluated. Caiuth release has proven a very necessary
sport fishing management mechanism, even in statéttle populated as Alaska and
Montana. In fact, many already consider sport ésirof wild steelhead an antiquated
concept out of synch with the natural resourcetétions and human population realities
of Washington State and long overdue on the OlyrRgiginsula.

Sport catch alone can't provide an evaluatiomta run size changes that may or
may not have occurred to wild steelhead of the Bbgd/Quileute in the absence of
knowing how many wild steelhead destined therecatght in the tribal fishery. But the
sport catch record does indicate that hatcherytetad have failed to effectively
supplement the sport fishery with levels of histdrarvest opportunity. The sport catch
has remained largely the same for 50 years extephow composed of about % the
former number of wild steelhead which have beefacsa with hatchery steelhead.

From Figure 39 it is apparent that a dramatict shiBogachiel/Quileute wild
steelhead run timing has occurred over the pagedEs. The December, January, and
February returns are significantly reduced, leaahgut the same historic proportions in
March and April that now stand out as graphic pedlss run timing shift may have
long term consequences yet to be fully realizeevientual wild steelhead declines.

Early run timing, early spawning and early emeogemay be especially critical
in watershed areas that commonly go dry as founith@®ogue River (Everest 1973). It
is necessary for juvenile steelhead to emerge fhmmgravel early enough to avoid the
redds going dry and to accommodate downstream tiagreo watershed areas that
remain wetted before being trapped by resultingflows and killed by dewatering.

One of the limiting factors to salmon and steelhgadiuction on the Bogachiel-Calawah
has been described as chronic minimum low flowsnfidy et al. 1975).

The staggered run timing, spawn timing, and julee@mergence timing found so

critical by Koenings et al. (1987) for sockeye sainto take best advantage of limited
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nutrient resources in Karluk Lake undoubtedly haslar applications to other salmonid
species. Every natural food web has finite linntag with resulting natural selection of
species, races and stocks to optimize its utibratiTiming is everything in a balanced
ecosystem. That timing has been greatly alteredtéelhead on the Olympic Peninsula
and elsewhere in Washington State through 40 ydateelhead management that has
focused harvest on the earliest component of thebwinter steelhead populations.

The only historic sport catch data presently amd from WDFW regarding wild
steelhead from the Sol Duc River (as separate thenQuileute system) prior to
sustained hatchery introductions into the Quileaystem was that found from 1954-1961
(WDFW 1996). Those data are graphed in Figures4® eomparison to Sol Duc
steelhead sport catch and escapement data from20@28(data from WDFW 2006).

Table 19 compares those limited years prior tolely introductions to those
years after hatchery introductions: the 1978-2(@ttscatch of wild steelhead averaged
only 57% of those caught in 1954-1961; and the 18384 sport catch of wild steelhead
averaged only 41% of those caught in 1954-1961entby adding the average sport
catch of 372 hatchery fish per year to the Sol Rild steelhead catch, the total remains
well below that of the wild steelhead catch of 19%61. Furthermore, the wild catch is
continuing to drop over time as evidenced by thetmecent seven year average from
1998-2004.

Table 19. Sol Duc River average wild and hatchery steelhgadt £atch comparisons.

Avg. Sol Duc wild winter sport catch 1954-1961 I7%0ld steelhead/year
Avg. Sol Duc wild winter sport catch 1978-2004 9vi8l steelhead/year
Avg. Sol Duc wild winter sport catch 1998-2004 69 steelhead/year

Avg. Sol Duc hatchery winter sport catch 1987-2004 | 372 hatchery steelhead/year

Avg. Sol Duc hatchery winter sport catch 1998-2004 | 350 hatchery steelhead/year

Avg. Sol Duc combined hat+wild sport catch 1987-2001,350 hat+wild steelhead/year

Avg. Sol Duc combined hat+wild sport catch 1998-2001,047 hat+wild steelhead/year

Unfortunately, because of the unquantified porobthe Quileute tribal wild
steelhead catch that is destined for the Sol Dug,not known if the wild run size is
holding its own, or if it is in decline as is siauily the case with the sport catch. While
escapement has held its own, or has even incrsaseelwhat (Figure 39), the overall run
size for each of the Quileute sub-basins remairt®oern.

On average, hatchery steelhead have contribulailvedy little to the sport catch
on the Sol Duc as is evident in Figure 40. Thatnet lack of hatchery steelhead catch
probably reflects similarly low returning numbeishatchery steelhead to the Sol Duc
sub-basin. This may be one reason its wild ste€lltatch has remained proportionally
higher than that of the Bogachiel/Quileute. Froabl€s 18 and 19: The 1978-2003
Bogachiel/Quileute wild sport catch was 36% of wihatas in 1954-1961, and further
declined to 24% in 1998-2003; the 1978-2005 Sol Wild sport catch was 57% of what
it was in 1954-1961, and further declined to 41%998-2005. The less significant
decline in the wild sport catch (as measured bydst) may provide an indicator that the
Sol Duc's wild steelhead run size has held up b#tésn may be the case on the
Bogachiel/Quileute due to less potential for hatghvld interactions to occur.

However, it could also reflect that catch and redeanay be more prevalent by sport
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fishermen on the Sol Duc than on the Bogachiel&utd, or could indicate other
potential variables.

More clearly measurable is the dramatic chandggoilrDuc River wild winter
steelhead run timing that has occurred over the4dagears as shown in Figure 41. The
December sport catch is now about 17% that of hestmumbers and the January sport
catch is 52% of historic numbers. By contrastNfaech sport catch is now about 40%
greater than was historically the case and April3%o greater. Only February remains
little changed. A run timing that once peakedanuhary and December now peaks in
March. A limited nutrient base as representedchieySol Duc sub-basin would
theoretically be under-utilized by emergent stemtheesulting from reductions in
December and January run timing, and over-utilizge@mergent steelhead resulting
from increased March and April run timing. Thiswa presumably be the case if the
run timing and emergence of wild winter steelhead wm the most productive balance of
nutrient utilization 45 years ago.

However, any nutrient base supposition would ke to take into account what
alterations may, or may not, have occurred in Sat River habitat as well as the
nutrient loading provided by salmon carcassesrtbat occur as compared to what
existed in 1955 and 1956, or more importantly,ithbitat and nutrient loading that
occurred prior to industrial level exploitation@Qtiileute River system fish resources
sometime prior to the 0century.

Because of the scale of the graphics in Figurg ¥2hot readily apparent that the
sport catch of Calawah wild winter steelhead hagpped from an average of 205 in the
eight years from 1954 to 1961, to an average sjaoch of 89 wild winter steelhead in
the 27 years from 1978 to 2004. This drop in tild steelhead sport catch coincides
with proportionally larger catches of hatchery wmsteelhead that have occurred the
past 27 years. The hatchery sport catch has coigrhean triple or more the catch of
wild steelhead on the Calawah which may also indicansiderable escapement of
hatchery steelhead into the Calawah spawning gsowith elevated potential for
hatchery/wild spawning interactions. Neverthel€sawah wild steelhead escapement
has been proportionally higher than in the Bogd&Bieleute and Sol Duc sub-basins.

The run timing of Calawah wild winter steelhdws clearly altered over the
past 45 years as depicted in Figure 43. 26% fewldrwinter steelhead now return in
December and 45% fewer wild winter steelhead ndawman January. However, 110%
more wild winter steelhead now return in Februagntdid in 1955 and 1956 and 90%
more now return in March, while 31% fewer wild wansteelhead now return in April.

One of the primary limiting factors to salmon atdelhead production for the
North Fork Calawah, in particular, has been andealatering of its midsection in
summer (Phinney et al. 1975). Early entry, egogvening, and early wild winter run
steelhead emergence may be especially critichlarCalawah system to minimize redds
going dry and to accommodate early enough emerdganpeveniles so they can
effectively migrate to other areas of the waterdied remain wetted throughout the
summer and fall just as was found to be necessafgdgue River steelhead by Everest
(1973). Calawah wild winter steelhead run timiwgh the reductions in December and
January, have particularly increased in FebruaigufE 43). This may be the best
adjustment they can make to accommodate relataealy spawning and emergence
under the stresses of adjustment to loss of eantity.

Historic Steelhead Abundance 130



As with the Bogachiel and Sol Duc sub-basiaslyeeturn steelhead have been
proportionally reduced in numbers. However, untike previous two sub-basins,
February and March returns have dramatically irsgdavhile April returns have
decreased. Although there have been significafissh run timing, the overall numbers
of wild Calawah winter steelhead have remainedlambietween the two time periods of
comparison, while on the Bogachiel and Sol Duc alveumbers of wild winter
steelhead fell over the same two time periodscefig the loss of the early run
component. On the Calawah, the increase in Feparat March run timing made up for
the early run timing loss.

In the case of the Calawah, the wild winter steathhave shown a resiliency to
loss of early run timing that Bogachiel and Sol Dild winter runs have not. The
Calawah in this respect would appear to be the ahorather than the norm. Reductions
in wild steelhead numbers coinciding with run tigighifts have occurred on the Hoh,
Queets, Bogachiel/Quileute, and Sol Duc, as weliragally all streams in Washington
with tribal fishery records dating prior to hatchéntroductions (Taylor 1979).

The Dickey River sub-basin apparently had vetlelitistoric sport fishing
pressure. Only two years, 1955 and 1956, weredorokit from the overall Quileute
system sport catch records that were available (VIB&-1978; WDG 1962-1986;
WDW 1987-93; WDFW 1994-2002; and WDFW 2006). Thilwatch has increased
somewhat since that time as shown in Figure 4hgper reflecting increased access into
the sub-basin and/or a general increase in stekBpat fishing. However, most
recently (since 1997) the wild catch has droppeahtaverage of 17 wild steelhead
caught by sport fishermen compared to an averagh c&51 wild steelhead in the 19
years between 1978 and 1996. The sport catchtofi¢ry steelhead from the Dickey has
remained at a sustained low level. It is unknoftthis is due to relatively few hatchery
steelhead returning there throughout the periae@@drd keeping, or if it is a result of
relatively few sport fishermen choosing to fish Diekey.

From Figure 45, it is not possible to determina #hift in Dickey River wild
steelhead run timing has occurred due to the lonvbars initially recorded there in 1955
and 1956. There is insufficient baseline from \ahi@ make a comparison.

Alterations in wild steelhead run timing have ated on the Quileute system
(and elsewhere in Washington) since sustained @gtekturns began in 1962. The
resulting mixed stock fisheries have focused 80U& plarvest rates on the early
steelhead returns (SASSI 1994). This may havgerigd complex results.

January and February wild steelhead spawninga@sded by Cederholm (1984)
in the Clearwater River (in tributaries in part&rl would require November, December,
and January wild steelhead run timing through ¢iveel Quileute to reach upstream
spawning destinations. However, December and Janvikl steelhead run timing has
been dramatically reduced in the Bogachiel andzsal in particular. On all Olympic
Peninsula streams examined in this report, wildls&ad run timing has become more
concentrated into the months of February, March, Aoril. Of necessity, spawning and
fry emergence would similarly be compressed interldates. Historically, fry
emergence would have been more evenly distributedalonger, more staggered
period to take advantage of the available nutrisntee food web. Vital to that food web
are salmon carcasses (Brown 1982; Bilby et al. 1868 Bilby et al. 1998).
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Historic Salmon Abundance and Missing Nutrients forQuileute Steelhead

The Quileute system once had significant retufradl dive species of Pacific
salmon (Phinney et al. 1975), but today pink salm@not even mentioned as existing,
chum harvests are less than 100 fish annuallyont smd tribal fisheries and no longer
managed for, and Lake Pleasant sockeye are norlomygaged for (SASSI 1994). Yet,
as late as 1975 a small run of pink salmon occurmréide mainstem of the Bogachiel
downstream of the entry of the Calawah River, asthall run of river-race sockeye
salmon was described using the lower reaches dfitin and South Forks of the
Calawah Rivers as well as several of their tribega(Phinney et al. 1975).

In 1915, 826 cases of pink salmon were packedeaitora cannery on the
Quileute with 48 one pound cans per case (39,648qxs) [Cobb 1930]. The average
pink salmon in Puget Sound in 1895 weighed foumpisuyWilcox 1898). Their small
size would suggest using 70% wastage as estimatestiefelhead by Myers (per. com.
2006) which would mean a total catch of 132,160npisu That poundage divided by
four pounds per fish would indicate a catch of 38,pink salmon and a total run size of
66,040 pink salmon in 1915 if catch was 50% ofrtiesize, or 110,133 pink salmon if
catch was 30% of the run size (using the 50%-708%eaf harvest to run size indicated
by Myers [2005]). That nutrient level represenbgdoink salmon in alternating years is
now absent.

In 1915, 192 cases of chum salmon were packduedilora cannery at 48 one
pound cans per case (9,216 pounds) [Cobb 1930hgWayers' (per. com. 2006) range
of wastage in canning of 50%-70%, a catch of 183@220 pounds of chum salmon
was processed. Wydoski and Whitney (1979) indittze Puget Sound chum average 9
pounds each indicating a catch of 2,048-3,413 canda total run size of 4,096-6,826
chum salmon that returned in 1915 if catch was 5@%e run size, or 6,827-11,377
chum salmon if catch was 30% of the run size. fiiteient level annually represented
by chum salmon is also now missing.

What the historic numbers of sockeye salmon ore@wo Pleasant Lake can't be
determined by the Mora cannery records due to oméyyear of packing sockeye with
only 15 cases reported. River-race sockeye alse mturned to the Calawah (Phinney
et al. 1975).

In 1914, 1,968 cases of silverside (coho) salmerewacked at the Mora cannery
at 48 one pound cans per case (94,464 pounds) [Caj. Although Puget Sound
coho were said to average 7.5-8.5 pounds (ColB®2;1and Wilcox 1898), in the
Shoalwater Bay fishery (Grays Harbor area) the aobie said to average 12 pounds
(Collins 1892). Quileute system fall coho are cooniy large while the summer coho
are typically smaller (per. com. John McMillan, B)0so the range of 8-12 pounds may
be appropriate. If cannery wastage was in theaah&0%-70% as indicated by Myers
(per. com. 2006) the coho catch processed at theecawas 188,928-314,880 pounds
representing 23,616-39,360 coho if they averagpduBids each, or 15,744-26,240 coho
if they averaged 12 pounds each. The total rumwuld have been 47,232-78,720 coho
(mid-range being 62,976 at 8 pounds each) to 31523830 coho (mid-range being
41,984 at 12 pounds each) if catch was 50% ofuhesize; or 78,720-131,200 coho
(mid-range being 104,960 at 8 pounds each) to 82848467 coho (mid-range being
69,974 at 12 pounds each) if catch was 30% ofuhesize.
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The 1992 SASSI (1994) reported that terminal imassof combined wild and
hatchery fall coho to the Quileute system from 1880ugh 1991 ranged from 4,126 to
18,861 coho with an average of 15,574. Naturalrsanrun coho run sizes to the Sol
Duc River, where they are native, averaged 1,82bfflom 1982 through 1991, and the
hatchery return averaged 7,310 summer coho forahdb9,135 summer coho. The fall
and summer combined run sizes from 1982 throughi 898raged 24,709 total coho
representing 39%-59% of the coho that providedienis in 1914 (using the mid-range
figures) if catch was 50% of run size, or an absenfcl7,275-38,267 coho. If catch was
30% of the run size, 1982-1991 nutrients from couzasses were 24%-34% of those in
1914, or an absence of 45,265-80,251 coho.

The combined losses of pink, chum, and coho radtesl in 87,411-201,761
fewer salmon returning to the Quileute River systantompared to 80-90 years ago.
This loss of nutrients has undoubtedly reducedathiity to produce steelhead smolts
that average two years of instream rearing befageation to the Pacific.

Resident Rainbow, Smolt Residualism, and Precocioularr

It has been found on the Sol Duc and Calawahgitret male resident rainbow
trout appear to be an important component of thé steelhead spawning population
(McMillan et al. [in press]). This was found pattiarly so in the upper portions of these
rivers in May and June during a time period whendke steelhead were frequently
found without available male steelhead for matdeswever, some male rainbow trout
were found among the spawning population throughlmispawning season (January 2-
July 8) and throughout the lower, mid, and uppemegl@m sections snorkel surveyed.

Shapovalov and Taft (1954) also reported resice@nbow spawning with
steelhead, and rainbow trout were found to be gfaatmixedParasalmo mykiss
population with resident, estuarine, and anadronhitibistories that spawn together in
rivers of Russia's Kamchatka Peninsula (Savvaieiha. 1973; Savvaitova et al. 1996;
McMillan 2001; Augerot 2005). Resident rainbow @also been reported spawning
with steelhead in Washington's Washougal River (Mieil 1988; and 2001), and by
Pearson et al. (2003) in the Yakima River system.

In Kamchatka the male/female proportional diff@eswithin the varied life
history forms of rainbow seemed mathematically giesil to spawn together with the
anadromous group represented by mostly femalehsteg] 67.9%; the estuarine (or
coastal) group by male fish, 66.7%; and the riveug also predominantly male, 82%
(Savvaitova et al. 1995). In Kamchatka, two-thiodishe life history options for long
term survival may be contained in resident andagsta forms within the
rainbow/steelhead population of mixed life histtaits (McMillan 2001).

The prominent presence of resident rainbow ambegrtixed steelhead/rainbow
spawning populations of the Sol Duc and Calawaérsivnay partially explain the
resiliency the Quileute system's wild winter steelth population has retained as
compared to the neighboring wild winter steelheagutations of the Hoh and Queets
rivers. To date, the only known work that hasratited to partially quantify the resident
life history component of Olympic Peninsula stealiifeainbow rivers has been the WSC
work by McMillan et al. [in press] and other unpighled data collected in the extensive
WSC surveys of the Quileute and Hoh systems (M@i2006). The Sol Duc and
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Calawah rivers were found to have a greater presehiesident life histories than the
other rivers (per. com. John McMillan, 2006).

However, the WSC surveys have also found thatleesirainbow of hatchery
steelhead origin (which residualized rather thammagrated as smolts) are especially
prolific in the region of the middle Sol Duc neanatchery rearing pond (McMillan et al.
[in press]). Hatchery origin rainbow, and hatcherngin precocious male parr that do
not smolt, have become part of the Sol Duc stedlspawning population.
Hatchery/wild spawning interactions are especiatlybable around the hatchery release
site. Two such matings with female steelhead wbserved at such sites in the WSC
snorkel surveys. Similar observations have beetenrathe Keogh River (Ward 2006).

Figure 46 depicts the distribution of wild anddfedry rainbow trout found in
snorkel surveys of the entire 29 km length of tlda@ah River. Most of the hatchery
rainbow trout were found in the lower 6 km of thal&@vah. The hatchery site is located
at about the 3 km point in the center of that 6daution. The location of these adipose
clipped trout indicates the likelihood they are-pneolts and/or precocious parr that
residualized after release from the steelheadnmgawnds. These fish are mature and
can, and do, spawn with wild female steelhead asmd in the Calawah and Sol Duc
rivers (McMillan et al. [in press]). Confirmatidhat such parr can effectively fertilize
the eggs of steelhead was found by Seamons @08i3) on the Olympic Peninsula's
Snow Creek where a significant genetic contribubgrmature male parr was found to
occur as carried by their progeny in the juvenié=khead population.

Figure 46. The snorkel survey results of rainbow trout disttibn found on the Calawah River (McMillan
and Starr 2006)
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Although wild rainbow trout may provide survival\antages for long term
persistence of steelhead/rainbow populations, thegmce of hatchery origin rainbow
stemming from hatchery steelhead releases posasecbalancing threat. Spawning
interactions between hatchery and wild steelhedl resulting low spawning success
have been confirmed in both the Pacific NorthwBstigenbichler and Mcintyre 1977;
Chilcote et al. 1986; and Leider et al. 1990) drelGreat Lakes (Miller et al. 2004).
Similarly low spawning success can be anticipated gesult of female steelhead
spawning with hatchery rainbow and precocious rpate swarmed in areas of at least 6
km around hatchery steelhead releases sites asetm Figure 46 on the Calawah
River. It should also be noted that there was atdeast one hatchery rainbow sighting
found 15 km up the Calawah (Figure 46). Sevefaofarge (>12") hatchery rainbow
trout have been found up to 20 km upstream of leayctelease points in the Sol Duc
River (per. com. John McMillan, 2006). These f@sh all assumed to be residualized
hatchery steelhead parr because no other typentfona hatchery releases occur in the
Quileute basin. In Oregon's Imnaha River residte¢lhead smolts have been found to
travel as far as 21 km upstream of their releasg(3onasson et al. 1995).

The combination of adult hatchery steelhead, letcbrigin rainbow trout,
residualized hatchery steelhead smolts, and pregsdiatchery origin parr can all
combine to render otherwise pristine spawning @adimg habitat unproductive for wild
steelhead that spawn, rear, and/or otherwise cotiedse areas.

The levels of steelhead smolt residualism for Gbers Creek Hatchery stock
(winter run) was 26.1% in 1991, 13.8% in 1992, 48c6% in 1993 as found on release
at Snow Creek on the northeastern Olympic PenirtsulEipping et al. (1995). The
hatchery stock of winter steelhead released iredhileute system is of Chamber's
Creek origin (SASSI 1994). However, under the 'mods" section of the paper, it
indicated (Tipping et al. 1995):

"Precocious (sexually mature) males, identifieddaykened skin color and presence of
sperm, were excluded from this experiment.”

Why the precocious males collected at the Soutdoma Hatchery were culled
out prior to the experiment is a mystery. It vaity negated much of the value of the
experiment. It would have decreased the expeetesl bf residualism, and it did not
even attempt to quantify what those precocious pambers were. Nevertheless, it
would provide the anticipated minimal level of desalism that might be expected from
Chambers Creek origin smolt releases.

In the case of the Quileute system where receohbag winter smolt releases
have annually been about 200,000 and hatchery susmut releases have been about
50,000 (WDFW 2006), at the 26.1% residualism reported by Tipping et al. (1995) in
1991, 65,250 residual smolts would annually rethat do not migrate to the ocean.
However, because the experiment reported by Tipgirad. did not include the
precocious parr that were culled out, Royal's (39€gort of 44%-47% residualism
found for hatchery steelhead smolts released irashivigton's Elochoman River may
better represent the expected residualism levéh@Quileute system. Precocious parr
were not reported to have been excluded from tbher®iman River study. Of the
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250,000 steelhead smolts released annually intQthleute,110,000-117,500 of those
planted would fail to outmigrate at 44%-47%. Mafyhose would be precocious parr.

Most precocious parr were found to be males irkibegh River (Werner 2003).
They were found to stay "in the river forever." Bl that residualized for other reasons
remained in the river for one to two more yearsldinéy reached smolt size and
outmigrated. In both instances the residualsaaithpete with, and prey on, wild fry and
parr for one or more years. The most piscivorodsviduals found on the Keogh River
were the largest which were most commonly the |gpgecocious males.

In the Quileute system, many of the resident mmbnd precocious parr
stemming from hatchery releases remained withiersgkilometers either direction
from their release sites creating localized highsitees as found in the WSC snorkel
surveys (Figure 46). Those at the lower Calaweh aear the entry to the Bogachiel
could create predator swarms that consume wildnjleysalmon.

For instance Werlen (2003) found that about 1/8teélhead residuals of 250mm
or more in length were piscivorous on the KeogheRin British Columbia consuming
coho fry and coho smolts up to 80-100mm in lengtifioand in their stomach contents.
Residual hatchery steelhead, precocious parr, @geguent resident rainbow on the mid
Sol Duc could all be contributors that keep coHmsa populations below historic levels
through juvenile predation as they migrate outedmby Beaver Creek, Bockman Creek,
Bear Creek, and potentially diminish juvenile sgekealmon migrating out of Lake
Creek a few miles downstream.

Hunter (1959) found that pink and chum fry weeggfrent food items of coho
smolts and steelhead. The predator swarms of étcbsiduals may deny the ability for
Quileute system chum and pink salmon to effectivestablish due to high predation at
emergence time. Without restoration of salmonistonic numbers, the lower portions of
the Quileute sub-basins will remain nutrient stdraaed negate the ability to restore wild
steelhead populations to the full productivity diat the available habitat could
otherwise carry.

The mid Sol Duc hatchery release site is alsarea atensively used by wild
steelhead for spawning (per. com. John McMillarf&0 Spawning interactions with
precocious parr can be expected to be more comhaoa &s well as subsequent
predation by the lingering precocious parr on julesteelhead as they come out of the
gravel. At the lower Calawah hatchery area, malst fsmale steelhead late in the
spawning season will not have anadromous matesaga$ound in lower river sections
(per. com. John McMillan, 2006). Historically, @imale rainbow trout would have
provided the female steelhead with mates. Howesiece sustained hatchery steelhead
introductions began in 1960, it is more likely thatchery origin precocious parr and
hatchery rainbow trout will be present in the arefalsatchery steelhead releases.

Escapement Goal Assessment
The Quileute system has had the advantage of @hayerall escapement goal

for steelhead than have the Hoh, Queets, and Quiragins. To some degree this
reflects the differing sizes of the watershedshasvé in Table 20, but not entirely.
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Figure 20. Comparative drainage areas, linear miles, aveftags, and average summer low flows of the
Quileute, Hoh, Queets, and Quinault rivers (datenfPhinney et al. 1975) compared to their wild etnt
steelhead escapement goals (from SASSI 1994; anBWVE006).

River Drainage ared Linear stream Avg. flow in Avg. summer | Min. summer | Steelhead
in sq. mi. miles cfs flow in cfs flow in cfs escapement goal
Quileute 629 751 4,450 1,000 271 5,900
Hoh 299 312 2,200 1,060 396 2,400
Queets 450 541 4,265 1,015 368 2,500
Quinault 434 559 3,700 1,080 320 1,200 (upper)
none (lower)

Although the Quileute system has a larger drairsaiga and greater length in
lineal stream miles than the Hoh, Queets, and Qitinthe differing escapement goals do
not effectively represent the proportional differes except roughly for the Hoh. The
Hoh River's drainage area is 48% of the Quilewtéls 42% of the Quileute's lineal
miles, and its escapement goal is 41% that of thiee@e's. However, the Queets River's
drainage area and lineal miles are 72% of the @Qiglg, but its wild winter steelhead
escapement goal is only 42% of the Quileute's. Qhimault River's drainage area is
69% that of the Quileute's with 74% of the linedlles of the Quileute. The only
escapement goal for wild steelhead in the Quireygtem is for those returning above
the lake into the Mainstem, North Fork and EaskFdrhat escapement goal is only 20%
of the Quileute system's.

However, average flows, average summer flows,naimimum low summer
flows are also necessary measures of expectegrghuctivity. Minimum low summer
flow is a particular limitation on productivity ithe Bogachiel-Calawah (Phinney et al.
1975). For instance, in the drought summer of 2882 entire lower 10 miles of the
North Fork Calawah River went subsurface in thel€utieé system (per. com. John
McMillan, 2006). Thousands of juvenile salmon,tbutat, and steelhead were found
dead in the dewatered pools. The rearing juvestdelhead from two age classes in those
lower 10 miles of the mainstem (and tributaries #iso went dry) were eliminated: the
young of the year from spring emergence in 200Rwlnauld have mostly outmigrated as
smolts in the spring of 2004, and those of sprimgmgence in 2001 that would mostly
have outmigrated in 2003 as smolts. Other areti®eoCalawah system also went dry
that year, and in the drought of 2003 some portadriee North Fork Calawah and
elsewhere in the Calawah sub-basin of the Quilelst®went dry, although not to the
extent as that found in 2002.

The Calawah sub-basin of the Quileute has a lastgry of going dry
(subsurface) that is in fact recorded in Quileutsat history regarding the North Fork
Calawah with stories of the magical undergrounda@ah. Phinney et al. (1975)
indicated that the middle North Fork Calawah ankyuaént dry. This is a natural
limiting factor in the Quileute system which is rast prevalent in the other major river
basins on the west side of the Olympic Peninsukvatenced by the summer minimum
flows recorded in Figure 20. Despite the Quileukaf‘ger drainage size, its average flow
(4,450 cfs) is not as proportionally large as coragdo the other three rivers, and its
average summer flow (1,000 cfs) is actually slighkeks than any of the other three
rivers. Of greater steelhead rearing consequénee&uileute’'s minimum low summer
flow (271 cfs) is only 68% of that for the Hoh Ri&96 cfs) and is significantly less
than that of Queets (368 cfs) and Quinault (32D asswell.
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Because steelhead generally rear in freshwateat fi@ast two years, average
summer flows would be an expected constrainingroetant of wild steelhead
production. From this it would appear that acttaklhead productivity for all four of
the major west side Olympic Peninsula Rivers wdoddess different from each other
than drainage area and linear miles would indibatzause of the similarity in average
summer flows as a production constraint. Whersgiwadic extreme summer low flow
years occur, the Quileute system wild summer séaellpopulation can be expected to be
much more severely impacted than those of the RBaoleets, and Quinault suggesting
even more equality of productivity than indicatgddoainage area and linear miles alone.

In the setting of escapement goals for theserigar systems, there appears to be
little accounting of what the actual productivity feach basin is for steelhead based on
more complex determinations than have thus far beean into account. The Quileute
basin's comparatively greater productivity in sungd wild winter steelhead run sizes
since the 1940s may be explained by the provisi@greater escapement goal than has
been provided on neighboring rivers. One of theiry constraints for the other three
rivers may be escapement goals that have beeacsktvw and harvests that have been
too high.

In fact, even on the Quileute system, the presscapement goal and harvest
level occurring may similarly be a constraint ongurctivity that has thus far been
insufficiently analyzed. This could be creatingaatificially limited ceiling on the
expression of wild winter steelhead productivity.

Habitat

In 2004, Peter Bahls quoted a portion of the Surgrfram the Washington State
Conservation Commission's (WSCC) Watershed Resdnveatory Area 20 (for the Sol
Duc and Hoh watersheds) regarding habitat limitegtifor the Sol Duc River which
would apply as well to the Quileute system:

"The Soleduck sub-basin lies partly within the QdyonNational Park (upper
reaches) and partly timber-managed, agriculturatlaesidential development. The
contrast between the pristine habitat conditionghimithe park is sharp compared to
conditions further downstream. Outside of the gaskndaries, numerous major habitat
problems exist."

"Excessive sedimentation is a problem and stensslyrfoom landslides. High
road densities are associated with the sedimemtgiroblems. High levels of fine
sediments are found in many Soleduck tributariés degrade the quality of spawning
habitat. Areas of 'poor' large woody debris angarian conditions are other problems.
The Soleduck drainage is naturally limited in watldhabitat, yet continued loss of
wetlands and off-channel habitat occurs. Warm wegeperatures are a problem in the
summer, potentially impacting adult migration améwning of summer chinook and a
unique summer coho run. A large potential hakpratblem is the over-allocation of
water from the river. Contributing to summer Idevfs and warm water temperatures is
the 'poor’ hydrologic maturity (loss of fog drigyange in hydrology) outside the Park
boundaries. Blockages are a known major problethiviGunderson and Tassel
Creeks."
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Phinney et al. (1975) also examined habitat Imgifiactors. For the Bogachiel-
Calawah River they indicate:

"The primary limiting factor in this section in bothe mainstems and tributary
streams is low summer flow which affects rearingadalities and impedes entrance of
adult salmon. Gravel removal operations on the &gel have resulted in local
streambed instabilities and silt. Activities adated with logging on Dry Creek resulted
in extreme erosion problems. Much of the silis@tin the Bogachiel River as well as in
the bed of Dry Creek. Barriers to salmon migratase located on Murphy, Weedin, and
South Fork Maxfield creeks..."

Regarding the North and South Fork Calawah Ri&igney et al. (1975) further
indicate:

"Low stream flow is a major limiting factor to sadmproduction in this area,
particularly in the middle reach of the North Fo@lalawah which annually goes dry. A
forest fire destroyed much of the North Fork waters This resulted in considerable
siltation of the streambed materials... logging aadd construction on the upper Sitkum
River have resulted in siltation of the spawning\gis."

Monitoring Recommendations

In his assessment of Sol Duc River wild steelh8athls (2004) provided a
detailed list of monitoring recommendations by gatées that are applicable to the entire
Quileute basin:

"Life History:"

» "Conduct research on juvenile life history. Vatitd information is available on
juvenile use of freshwater and estuarine rearinbites. A high priority is to
conduct parr surveys during summer low flow inutdries and the mainstem
...to update the parr density data that was use@toh®e escapement goal.

"Hatcheries:

» "Evaluate the hatchery straying rate into the SacRiver. Hatchery strays from
the Bogachiel hatchery facility appear to be a #ir® maintaining the genetic
integrity of the early timed portion of the wildnier run.

» "Cease operation of the Snyder Creek brood stoaktia It does not seem to be
making a significant contribution to the catch aadaking wild spawners off the
spawning grounds with unknown genetic risks tonthe population.

"Harvest:
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» "Evaluate the strategy of 100 percent wild prodoictversus continued hatchery
supplementation for long term sustainability andguction of winter steelhead
in the Quillayute River system. The major concerngvolve around the impacts
of hatchery production facilities in the Quillayuta terms of mixed stock fishery
in depressing the early timed portion of the wildh and potential genetic impacts
from straying of hatchery fish. Restoration of gagly timed run...along with
higher escapements in the basin, may provide nigingdr harvest than currently
provided with hatchery supplementation and at moualer risk to the survival of
the wild populations.”

V. Quinault River

The Quinault River is 69 miles (111 km) long wétlirainage area of 434 sq.
miles. The average winter flow is 6,300 cfs withawerage summer flow of 1,080 cfs.
The maximum recorded flow has been 80,200 cfs avithinimum of 320 cfs (Phinney et
al. 1975). The headwaters originate in the Olyn\ozintains within the Mount Lawson
and Enchanted Valley watersheds, the North Forktla@dEast Fork then joining to flow
into Lake Quinault, a 3,729-acre natural lake. nirtbe lake the Mainstem Quinault
flows 33 miles to the Pacific Ocean (Smith and @Ga&id2001). The low terrain
downstream of Lake Quinault contrasts with thestepes and high relief of the areas
around Lake Quinault and the headwaters. 47%eo0€@Quinault River basin is within the
ONP (Contor and Houston 1984), which includes txtinshore of Lake Quinault; 32%
is within the Quinault Indian Reservation, 13% iSUForest Service, and 4% is private
landholdings with Rayonier Timberlands Companyl#ngest private landholder (Smith
and Caldwell 2001).

The Quinault River has both native summer andevinins of steelhead that are
considered geographically isolated populations (SIAID94).

SUMMER STEELHEAD

The Quinault River summer run is described astohcally small number of
steelhead with a spawning distribution that iswell known (SASSI 1994). The same
stock report indicates that sport catch data suggesspawning adults tend to
congregate in the upper reaches of the Quinaubity late summer and early fall with
spawning generally believed to occur in those upper reaches.

Syl MacDowell (1948) provides an interesting refere about Quinault summer
run steelhead iVestern Troufpage 62):

"Washington's Quinault has a summer run developad fish introduced from the
Rogue River."

Although the Quinault most likely had summer rohsteelhead thousands of
years prior to this evident introduction, it is pie that Quinault summer steelhead may
now include Rogue River heritage as well. MacDdwalk much of his information
from Dr. Paul R. Needham, Director of Fisherieshaf Oregon Game Commission, and
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therefore it is likely an introduction of Rogue Bnsummer steelhead into the Quinault
prior to 1948 did indeed occur.

In 1922 the Upper Quinault River was stocked \2id0,000 steelhead fry (Taft's
1925). Itis possible these were from the RogueRiHowever, fry plants of steelhead
have a doubtful history of success. Royal's (12¢2punt of the gradual development of
steelhead hatchery programs in the State of Wakinngdicated that the hatchery
program did not result in significant adult retutmgil rearing of juvenile steelhead to
smolt size occurred and growth was accelerated twéldevelopment of the dry pellet
rearing diet in 1959. Taft's (1925) indicated rfitaaws up to 36" were caught in the East
Fork (Upper Quinault) by sportsmen. This was ideldiin a description of trout fishing
on the Quinault during July, August and Septemlgdrthe time, summer steelhead were
often confused with rainbow trout, and the largh filescribed had to have been summer
run steelhead. They would have been caught prithre book's printing in 1925, and
would have pre-dated any adult returns that coaicgehresulted from steelhead fry plants
in 1922 (they would typically have to rear 2 yeiarfreshwater and 3 years in salt water
in order to return as 36" steelhead).

In the summer of 1959, the author of this repasttdd the Quinault briefly with
his father near Graves Creek Campground. Twopwlfder size steelhead were caught
(14" and 16"), a life history trait the Rogue Rivenoted for (Everest 1973). However,
half-pounder sized steelhead were once a small coerpt to a number of steelhead
populations (McMillan 2001). Although the half-paler life history is most commonly
identified with Rogue and Klamath River steelheagyations (Burgner et al. 1992),
they historically occurred on the Washougal RiveWashington (McMillan 2001), and
have been found reoccurring in the Tolt River (thylo snorkel surveys) after more
restrictive angling regulations went into effeceé@@dslee 1996; and McMillan 2001).

Photographs in the MacDowell book depict two sumsteelhead caught from
the Quinault that are posed against a fly rod desdrelsewhere in the book as 9-9 V- feet
in length. Two bamboo fly rods of the same lerdghcribed were subsequently
measured from the butt to the first guide. Commgathe lengths of the steelhead in the
photograph to the placement of the first guidelenrod, one steelhead was 30-31 inches
and the other was 26-27 inches, obviously largan thalf-pounder size and larger than
generally reported from the Rogue River. Recodrie@&om other photographs in the
book is the area near the junction of Graves Cosethe East Fork Quinault.

Kreider (1948) indicated the Quinault had a fine of steelhead in the summer
season, and Bradner (1951) also indicated the Qlihad a fine summer run of
steelhead from July onward in the mainstem anderfarks in August and September.
He indicated most fish were caught about four milestream of Graves Creek in the
canyon of the East Fork. This would be near tinetjon of O'Neal Creek.

Although the run timing of Quinault summer steelthés generally thought to be
May through October as found in other summer seasltpopulations (SASSI 1994), this
can vary by river as demonstrated by Withler (196B)e summer runs in three rivers of
southern British Columbia had differing run timingd&/inter and summer run steelhead
entered the Capilano and Seymour rivers in equalbeus in the month of April, but on
the Coquihalla River the graphed return period sftba well defined break between
winter and summer returns with almost no steelledd, in May. Coquihalla summer
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steelhead also continued entry well into the &dime entering immediately prior to the
arrival of the first winter-run fish as depictedtire figures from Withler (1966).

This later return timing would appear to be makel{ with Quinault summer
steelhead. A limited tribal fishery is reportedo®directed on wild summer steelhead in
July (SASSI 1994), and the tribal catch record camipshows a large catch in October.
Although, there is also a commonly prominent hareésteelhead in May that has been
included in the WDFW summer steelhead catch refrord the Quinault (Taylor 1979;
and WDFW 2006), there is reason to believe the bédgh is primarily late winter
steelhead, especially outmigrating kelts, that cxduring the tribal fishery targeting
sockeye salmon. The Quinault sockeye are a urstpoi with early entry beginning in
January and peaking in May and June. The Quitdoét has a focused fishery on the
sockeye with small mesh gill nets that intercepeltead (SASSI 1994). Presumably
that peak target on sockeye in May and early Jasedsulted in the high tribal catch of
incidental steelhead in May.

The high number of steelhead caught in the Mégakifishery on the Quinault
River is most likely late winter steelhead and relyespawned winter kelts that are
returning to sea as was found in the snorkel s@bgythe ONP on the upper Sol Duc
River in 2005 (Brinkman 2006). Also, Brenkman &uatbett (2005) found that 107 bull
trout were killed as an incidental by-catch in Hheh River tribal fisheries targeting
winter steelhead and spring chinook from Januadutee of 2002. Their findings
indicated that bull trout were intercepted in theal fishery during both upstream and
downstream movements. The same can be expeateduowith outmigrating winter
steelhead kelts in May and June during the QuirtabHl fishery for sockeye salmon.

The directed fishery on summer steelhead by thedit tribe is described as
July (SASSI 1994) which further reinforces the @biity that the May and June catch is
primarily incidental steelhead kelts. Becauséehid likelihood, the May catch by both
the tribal and sport fisheries have been excludem the data used for Figure 44 so as
not to inflate the catch and run size estimatesuaimer steelhead that return to the
Quinault River. However, the stock reports for Wiagton (SASSI 1994; and SaSSiI
2003) include the inflated catch of probable wirstielhead kelts in May (as high as
1,800 fish with an average harvest over the previduyears to 1992 being 910 fish and
the five year average harvest previous to 1992awyty¥ 80 fish) which likely contributes
to the unfortunate assessment of the Quinault surateelhead as "healthy." Those
assessments were in all probability skewed byribision of winter steelhead kelts.

A catch of 447 wild summer steelhead in Octobet383 is the earliest recorded
Quinault tribal catch of any substance (a catch whs reported in October of 1944)
[Taylor 1979], although it is probable there wobklve been more caught that were not
recorded as incidental to the targeted sockeyewsafishery that has been indicated to
last into June (SASSI 1994). Although there igeword of sport catch of summer
steelhead until 1962, for purposes of determinihgivwthe run size of Quinault summer
steelhead may have been in 1953, the averagecsioht of 187 wild summer steelhead
from 1962-1971 was added to the 1953 tribal cadclaftotal catch of 634 steelhead.
1,268 wild summer steelhead returned to the Quirsgstem in 1953 if harvest was 50%
of the run size, and 2,113 returned if harvest 3@ of the run size (the ranges used by
Myers [2005]). With the lack of any earlier recaoddraw from, this is likely a
conservative figure due to the evidence that Wagbimsteelhead numbers in the late
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19" century and early 20century were much larger than the 1950s as preljiou
indicated in this report (Puget Sound, Stillagudniéver, and Queets River).

Figure 46.

Quinault River Summer Steelhead History 1944-2002
[1953 Wild Sport Catch Estimated =10 yr.avg. from 862-1971; Run Size
Estimated 2x Catch]
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From Figure 46, it is apparent that wild summeeBtead in the Quinault sport
catch began to steadily decline toward zero betwleerearly 1970s and the late 1970s
(WDG 1962-1986), although the Quinault tribal hatvef wild summer runs remained
relatively steady at least until 1978 (Taylor 197@%t prior to when straying of hatchery
summer steelhead into the Quinault would have bégum introductions into the
Quileute system in 1977 (WDG 1948-1978). From 1@1® the early 1980s hatchery
steelhead were found to outnumber wild steelhedlddarcatches of the Quinault, as well
as the Queets and Hoh rivers (Houston and Con@4)19Although there was a gap in
the available tribal catch record from 1979 to 198@m 1991 to 2002 prominent
numbers of hatchery summer steelhead strayinghat®@uinault are evident from the
sudden spikes and just as sudden drops in the rhiadetiery/wild tribal catch in Figure
46 (data from WDW 1987-1993; and WDFW 1994-2002atchery steelhead also stray
into the Quinault from Grays Harbor (Chehalis sygtand the Columbia River (SASSI
1994). Beginning in 1992, wild summer steelheadewequired to be released in the
Quinault sport fishery (SASSI 1994) as elsewhei&/ashington.

Figure 47 depicts the history of Quinault Rivetdssummer run steelhead as
viewed by the sport catch trend from 1962 to 20 key steelhead fishery and
management changes that have occurred over thab$piane.

The first Quinault Indian Nation (Lake Quinaulttelaery) winter steelhead
releases were from wild broodstock taken from tke&ult River in 1972. The hatchery
steelhead program quickly escalated and by 198048& 000 yearling smolts and an
additional 600,000 fingerlings were released ih ¢oastal rivers within their usual and
customary fishing areas (Wright 1993). By 1997,B80 hatchery steelhead smolts
were released into the Quinault system alone (WXP06). Releases of large numbers
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of hatchery steelhead fry are also made througtheuQuinault Indian Reservation on
the Lower Quinault (SASSI 1994).

Figure 47.

Quinault River Wild Summer Steelhead History (19622001)
As Measured by Sport Catch and Fishery & ManagemenChanges
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Juvenile steelhead rear in Lake Quinault (Mobl#9)9 This may include
summer steelhead. The annual addition of up tdyn680,000 hatchery steelhead
smolts plus large numbers of steelhead fry mayéating a density barrier within Lake
Quinault and the Quinault River. This would betier compounded if smolt residualism
levels are similar to those reported by Tippingle{1995) and Royal (1972), combined
with other complex hatchery/wild interaction factor

The only historic tribal catch records found fansmer steelhead (Taylor 1979)
indicate a relatively limited fishery that was parly confined to October in just four
years from 1941 to 1972 and in May for one yedhat same span of time. By contrast,
in each of the six years between 1973 and 1978ithad fishery took place in 30 of the
36 months of the potential summer return periotis Was during the same period as the
steep decline that occurred in the sport fisheryegscted in Figure 47. Whether this
continuous harvest fishery has remained througtimusummer was not available in the
fishery records accessed, but the high harvest adtaixed hatchery and wild summer
steelhead in the tribal fishery suggest continuedtily harvest through the summer
steelhead return period still occurs.

Because the tribal catch of summer steelheaceitotier Quinault has not been
broken out to differentiate wild from hatchery fisimce hatchery straying likely began in
1979, the sport catch provides one remaining measuthe wild summer steelhead
trend. Table 21 provides the numerical magnituddée steep wild summer steelhead
decline from 1972 to 1979 (data from WDG 1962-1986,excluding the May catch if it
occurred so as to exclude the possibility of wimter kelts):
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Table 21. Quinault River wild summer steelhead sport catatlide from 1972 to 1979, prior to known
hatchery straying into the Quinault.

Year 1972 1973 1974 1975 1976 1977 1978 1979

Wild summer 199 114 88 74 53 12 8 0
steelhead caught

In the years from 1979 to 1985 there was no waletermine what part of the
sport catch was wild and what part hatchery, alghan 1979 neither was caught. From
1986 onward hatchery steelhead originating frortedtatcheries were marked so origin
could be determined (as indicated in Figure 4R)1992 catch and release of wild
summer steelhead was required throughout Washingt@hbeginning in 1993 released
wild steelhead could be recorded on the sport gaticichcard (SASSI 1994). There is
no evidence of any kind of recovery thereafter.itB@and Caldwell (2001) also indicated
that Quinault River summer steelhead catch appedaried declining with concern about
this stock, although the May catch was likely intdd with the inflated numbers of
winter steelhead kelts included masking the fuleleof depletion.

The most conclusive evidence of the decline immQuit summer steelhead is that
from the 2005 snorkel surveys by the ONP (Brenk2@06). Brenkman (per. com.

April 2006) indicated there is an angling histofysammer run steelhead in both the
North Fork and East Fork of the Quinault. Betwdene 2 and September 26of

2005, the ONP made eight snorkel surveys on théhNmrk Quinault from RM 2.7 to
RM 0.0. Not a single steelhead was observed. 8atwune and September F6of
2005, the ONP made nine snorkel surveys of the @&t Quinault with a peak count of
eight summer steelhead on Augugt 1

No attempt was made to differentiate hatchery fraid steelhead during the
ONP Quinault counts (per. com. Sam Brenkman, Af16), but if the recent sport catch
record is representative, the ONP count may haea bestly hatchery steelhead. For
instance, in 2000, all nine summer steelhead recbimthe sport catch were hatchery; in
2001, 25 of the 30 summer steelhead recorded ispgbe catch were hatchery and only
five were recorded as wild (data from WDFW 1994-200All would have been
hatchery summer steelhead strays from the Quil@regys Harbor (Chehalis system),
and/or the Columbia as found in the Quinault sysif8&SS| 1994).

From both the sport catch data and snorkel sun@ymault River wild summer
run steelhead are approaching extinction levetsmra tribal catch in 1953 of 447 fish
in the month of October, and a 1969 sport catcd7dffish, the sport catch has been
reduced to zero, or near zero; the tribal wild lcascpresently unknown; and a high count
of just eight summer steelhead (likely hatchery arld combined) was found in 17 ONP
snorkel surveys in 2005.

The run timing of Quinault River wild summer steshd as measured by sport
catch from 1962 to 1971 is depicted in Figure Z8e summer run sport catch was
primarily from the upper Quinault River (SASSI 19@bstream of Quinault Lake when
significant numbers of summer steelhead still regdrto historic destinations in the
ONP. This was prior to Quileute system summerlis¢éael returns that began in 1979
from releases in 1977 (WDG 1948-1978). Subsedgsteaying of hatchery summer
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steelhead into the Quinault and other Olympic Pariawatersheds occurred thereatfter,
outnumbering wild steelhead in the catches (Houat@hContor 1984).

Figure 48.

Upper Quinault River Wild Summer Run Steelhead RunTiming
Determined by Sport Catch Prior to Hatchery Strays(1962-1971)
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Figure 49.
Lower Quinault River Wild Summer Steelhead Run Timing
Determined by Tribal Catch Prior to Hatchery Strays (1944-1978)
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The May catch has been included in both FigureantB49 to demonstrate the
differences in magnitude between the sport andltgatches in the month of May. The
peak of the summer run sport catch in the uppen&ui was August followed by
September, then October, and then July. The Mthcalthough slightly higher than
June, was relatively low. If the May sport catohthe upper Quinault was similar to the
May snorkel survey findings from the upper Sol Rieer (Brinkman 2006), it was
primarily late winter steelhead (commonly outmigrgtkelts) rather than summer runs.
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Wild summer steelhead run timing as determined by tdath in the lower
Quinault River from 1944 t01978 (prior to returdfQuileute hatchery summer steelhead
returns that began in 1979 with subsequent straysngrovided in Figure 49 which
depicts the relatively large catches in May anceJaiata from Taylor 1979). This likely
coincided with the targeted sockeye salmon fisketly the peak of the sockeye run
occurring in late May and early June as describeglASSI (1994). Both the May and
June catches were likely dominated by wild winteekhead, especially downstream
migrating kelts, as indicated by the findings oeéBkman (2006) on the upper Sol Duc,
and similarly suggested by the interception of mianly trout going both upstream and
downstream during the January to June tribal fisseon the Hoh River (Brenkman and
Corbett 2005).

WINTER STEELHEAD

Wild winter steelhead in lower Quinault River/LaReiinault and the upper
Quinault River are thought to be distinct stockdaged from interactions with each other
by the lake with little gene flow between them whis supported by genetic analysis
(SaSSI 2003). The spawner escapement of wild watéelhead in the Quinault basin
are comprised of about 65% Quinault/Lake Quinaoktlsand 35% Quinault stock. The
status of wild winter runs was listed as "healtmythe WDFW stock assessment reports
(SASSI 1994; SaSI 2003).

Of interest, the confirmed western-most limit adrth American steelhead
distribution during Pacific Ocean migration basedagged fish recovery was a coded-
wire-tagged fish from the Quinault River capturgdabJapanese research vessel in 1989
that was 5,370 km (3,337 mi) from the river moudalilberg et al. 1989). Presumably
this fish was from one of the two hatchery locasiam the Quinault Indian Reservation
(wild Quinault broodstock origin).

The first tribal releases of hatchery reared bl were of 1972 brood year
Quinault River stock (Wright 1993), with fry relessthat may have begun in 1972 and
smolt releases by 1973. Adult returns likely begpatie winter of 1974/75. In the 1992
SASSI (1994) it was reported that about 300,000H&at steelhead smolts were released
into the Quinault system annually. However, thelsmeleases into the Quinault system
since that time have averaged about 430,000 pemydanearly 600,000 released in
1997 (WDFW 2006). The Quinault hatchery stockfiQuinault River origin with
rearing occurring at the Quinault Indian Nation e&Ruinault Hatchery and the U.S. Fish
and Wildlife Service Quinault National Fish Hatcher

The 1992 SASSI (1994) report also indicates:

"Releases of large numbers of hatchery fry havemwed throughout the Quinault Indian
Reservation on the lower Quinault River."

In the proceedings of the 1992 Washington StedllSsanposium, Terry Wright
(1993), of the Northwest Indian Fisheries Commissindicated:
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"The Quinault Tribe's annual production grew rapidand as early as 1980 they
released over 400,000 yearling smolts and an aalttii 600,000 fingerlings into the
coastal rivers within their usual and custom figharea."

Releases of fry and pre-smolts are hatchery mesctong ago identified for their
historic lack of success at bringing back adulimes in early hatchery programs
(Pautzke and Meggs 1940) and for creating competitiith wild juveniles in which
their "survival is probably deductible from thattbe wild population” (Royal 1972). In
the case of coho and steelhead, which typicallynespectively for one and two years
before smolting, hatchery fry releases can be igatied to so compromise wild juvenile
production that eventual replacement of the wilarireg population with a hatchery-
dependent population might be expected to occtiis dpparently happened with coho
on the lower Columbia River (Flagg et al. 1995)espite the history of fry release
failures and consequences, both smolt and frysekeare expected to contribute to
natural production as determined in the stock assests for Washington by the
steelhead managers (SASSI 1994). Although theiboitibn to, or the potential
deduction from the wild stock from hatchery fistagming in the wild remains unknown
(SASSI 1994), from the sheer magnitude of the Quitietchery steelhead program
Wright (1993) indicated:

"In a case like this ... there's no doubt that theset awful lot of interbreeding going on
between hatchery and wild fish. It is time thatstaat assessing that impact.”

14 years after the 1992 symposium where Terry R¥iignanager of the
Enhancement Services Division of the Northwestdndtisheries Commission for 12
years at the time) recommended an assessment Quihault hatchery steelhead
program, no such assessment has ever been maddsewhere in Washington.

Figure 50 provides the wild steelhead catch hystor the Quinault system
compared to the only existing escapement goalisHahited to the Upper Quinault.
The wild winter steelhead run sizes prior to 19%Bd€n no wild escapements were
determined) have been estimated to be twice tlédatch based on the estimate by
Myers (2006) that harvest is 50% to 30% of thesize. In the case of the Quinault,
modern harvest has been 47.6 % of the run size $5AM4); very close to the 50%
used for the pre 1975 estimates. Using the 508ri@]j the Quinault's highest run size
between 1940 and 2003 was 19,000 wild winter séaellin 1952. Run sizes were
undoubtedly higher in the late"l@entury and early J0century as was found for those
Washington steelhead populations examined eanli#hnis report that had harvest
histories from 1895 to the early 1920s.

As is apparent from Figure 50, since the initiatod hatchery steelhead releases
into the Quinault River in 1972, there has beeansdasned downward trend in the wild
winter steelhead run size returning to the Quinsydtem.

There is no stated escapement goal for the Lowara@lt/Lake Quinault stock of
wild winter steelhead in the 1992 SASSI (1994)thete is an available escapement
history from WDFW (2006). From 1978 to 1992 escaeets ranged from 2,488 to
5,774 wild winter steelhead with an average of 8,88h reaching their spawning
grounds; from 1993 to 2004, escapements ranged Xr86v to 3,648 wild winter
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steelhead with an average of 2,519 fish reachiag §pawning grounds, a reduction of
1,480 wild spawners (37%) over the past 12 ye8mith and Caldwell (2001) concur
that lower Quinault River winter steelhead run sikave significantly declined.

Figure 50.

Quinault River Wild Winter Steelhead History (1940-2003)
Sport & Tribal Catches Compared to Modern EscapemenGoal
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Figure 51 provides the wild steelhead sport catstory for the Upper Quinault
River from 1948 to 2005 (data from WDG 1948-197&] &/DFW 2006) as compared to
the established escapement goal of 1,200 wild wsteelhead and the actual escapement
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from 1978-2005. Wild run size estimates prior 873 could not be made due to an
unknown proportion of the Lower Quinault tribal dathat may be destined for the
Upper Quinault. The sport catch began a rapidsaistained decline beginning in the
early 1970s and bottomed out in the early 1980gr&vtt has remained.

Table 22 provides the numerical magnitude of tid winter steelhead depletion
that occurred on the Upper Quinault from 1971 t8219

Table 22. The Upper Quinault wild winter steelhead sport katecline from 1971 to 1982.

Year 1971 | 1972 | 1973| 1974 197§ 1976 1997  19F8  19799801| 1981 | 1982

Wild winter steelhead | 1,081 | 826 471 390 269 148 169 10§ 12% 143 1q7 1
sport catch

In the 24 years from 1948 to 1971 the averaget satch of wild winter steelhead
in the Upper Quinault was 802 fish per year; inXfdransitional years from 1972 to
1982 the average annual sport catch dropped tdigb6@er year; and during the 23 years
from 1983 to 2005 after the sport catch bottomeddtdwas averaged 116 fish per year, or
14% of that from 1948 to 1971. Although wild stezdd escapements have not altered
dramatically from 1978 to 2005 on the Upper Quihabkre is no escapement history
from which to make any comparisons before the spaidh bottomed in the late 1970s
and early 1980s. The winter steelhead sport addchne in the Upper Quinault reflects
that of the wild summer run decline, although i Inat yet bottomed out as low.

Smith and Caldwell (2001) also expressed conddiatsun sizes of winter
steelhead returning to the Upper Quinault Riveregppo be declining.

Unfortunately, no historic record earlier than @%as found for Quinault River
steelhead. The Quinault cannery records from 181B28 do not indicate steelhead
were canned which is explained by Cobb (1930):

"This stream (the Quinault) is especially noteditedong-continued annual run
of Quinault salmon (O. nerka). These fish, whidhreoted for their especially red-
colored flesh, make their appearance early in Ddmenwhen the Indians generally
catch them for their own use as they fear thatefwhites got hold of the fish they might
throw away the hearts. Should a heart be eatehiattime by a dog or chicken, the
Indians believe the run would not come. In Janwangn the fish begin to be abundant,
all danger of this seems to have passed, for td&is then usually have a considerable
number for sale, and these are generally shippatigant markets in a fresh condition
by the buyers. As soon as the canneries open alipdpmost of the fish are disposed of
at that place. The run continues to July 1. Mag dune are the best fishing months."

"There is a fall run of Chinooks in this river, iwwh usually arrive in August and
ends about October 15.

"The silver salmon appear about October 1 andrthreis generally over by
November 15; the chum salmon appear about Novefnhed the run is usually over by
the middle of the same month, while the steelhread tun between November 20 and
May 1. None of the latter are canned."

This is a concise and important history of runitignof Quinault salmon and

steelhead. It provides clues that steelhead weteaply caught and sold, but not to the
cannery. For instance, in the 1880s and 1890Qtheault salmon catch was sold to
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buyers from Grays Harbor where canneries were a@nagjpn (Wilcox 1898) and
probably for the fresh fish market as well. Thesfr fish market was the preferred
destination for steelhead (Wilcox 1898). This wemsilarly the case for many sockeye
on the Quinault as evident from the quote from CA®80). Cobb also indicates that
buyers for fresh fish markets would have been ab&lfor the sale of steelhead on the
Quinault. Such sales would not have shown uperctinnery records. However, a large
steelhead pack of 1,500 cases was recorded atubet©River in 1923 (Cobb 1930)
[estimated as a catch of 24,490 steelhead]. Fhesidence of what steelhead catches
may have been on neighboring Olympic Peninsulasiirethat era. Those steelhead
catches would have been more typically sold tdrideh fish market rather than to
canneries.

Figure 52.

Quinault River Wild Winter Steelhead Run Timing
Determined by Tribal Catch Prior to Hatchery Returns (1944-1974
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Figure 52 depicts the historic run timing of wildnter steelhead through the
Lower Quinault River as determined from tribal tatecords from 1944 to 1974 (data
from Taylor 1979) prior to major hatchery introdocis in 1972 (Wright 1993) with
adult returns likely beginning in the winter of 375. The tribal catch in the Lower
Quinault River represents initial entry timing tbie entire Quinault system with peak
entry in December followed by January and then Ndser. The March and April
catches are very low, either depicting minimal nroeat through the Lower Quinault at
that time, or reduced tribal fishing effort. Besalsockeye salmon entry begins as early
as January in the Quinault, with peak sockeye entiay and early June (SASSI 1994),
it would seem probable that tribal fishing effatirains relatively high in both March
and April. If this is the case, the tribal net s probably reflects the actual run timing
of wild winter steelhead through the Lower Quinault

By contrast, Figure 53 depicts the historic ruminig of Upper Quinault River
wild winter steelhead as determined by sport cegcbrds for the period when monthly
catch records were available (data from WDG 19626)9 As is apparent, the run
timings indicated by the two fisheries are veryatiént as separated by Quinault Lake.

One possible explanation is that the two stocksilof steelhead had very
different run timings. However, the more probad¥elanation is that after initial entry
the Upper Quinault steelhead held over in Quinaakie until shortly before spawning
time and then resumed migrations to their spawgnegnd destinations above the lake.
Given the very different run timing depicted by gport catch from the Upper Quinault
as compared to all of the other Olympic Peninsiers in this report, the latter seems
the most probable. If this is the case, the mming into the Upper Quinault may
resemble the even distribution of spawning timimgt tmay occur from January through
May. The Quinault is the only river of the foursiags examined that has a large lake
separating the net fisheries from the sport figseri

Of particular concern, the Lower Quinault tribarfery that targets sockeye
salmon in May and early June, with significant batof outmigrating steelhead kelts,
could reduce life history diversities representgavidd winter steelhead that spawn
multiple times. A similar concern was expressedlsnkman and Corbett (2005)
regarding interception of both upstream and doveastr migrating bull trout in the tribal
net fishery on the Hoh River where 107 bull troerevharvested as an incidental by-
catch in the legal winter steelhead and springadirsalmon commercial fisheries from
January to June 2002.

Loss of Life History Diversity Through Harvest of Seelhead Kelts

It is not now known what proportion of wild steedttepopulations once survived
to spawn more than once that returned to North GoBsnpic Peninsula rivers before
industrial scale fisheries occurred. A wide ranfeespawner rates is known to have
historically occurred among the wild steelhead patiens around the North Pacific Rim.
Some of these are listed in Table 23.

It has been generalized that relatively high resyea rates only occurred among
steelhead populations from Oregon southward (Beslay. 1996), but this is obviously
not the case as shown in Figure 23. In fact, thledst respawner rates found were both
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in the northern extreme of steelhead range, 79%®tJtkholok River in Kamchatka
(Savvaitova et al. 1997) and 70% at Peterson Gre@kaska (Harding and Jones 1991).

Table 23. Differing wild steelhead population respawneesafrom around the North Pacific Rim and the

investigators who documented them.

River State, province, or nation Year Percent respaners | Investigator(s)

Hoh Washington 1949 14.0% Larson & Ward
Hoh Washington 1950 6.7% Larson & Ward
Hoh Washington 1985 9.2% Hiss et al.

Green Washington 1940 5.0% Pautzke & Meigs
Green Washington 1941 6.9% Pautzke & Meigs
Chehalis Washington 1948 9.0% Larson & Ward
Cowlitz Washington 1947 4.4% Larson & Ward
Cowlitz Washington 1948 7.8% Larson & Ward
Alsea QOregon 1953 17.1% Chapman

Alsea Oregon 1954 12.4% Chapman

Alsea QOregon 1955 3.2% Chapman
Oregon North Coastl  Oregon 1955 27.9% Bali

Oregon South Coas QOregon 1955 53.3% Bali

Coquille Oregon ~1955 38.3% Bali

Waddell Ck. California <1954 22.9% Shapovalov &tTaf
Alouette British Columbia 1949-1958 14.4% Withler
Coquitlam British Columbia 1949-1958 5.4% Withler

Chehalis British Columbia 1949-1958 6.4% Withler
Chilliwack British Columbia 1949-1958 5.8% Withler
Cheakamus British Columbia 1949-1958 31.3% Withler
Capilano British Columbia 1949-1958 7.8% Withler
Coquihalla British Columbia 1949-1958 6.4% Withler
Seymour British Columbia 1949-1958 5.0% Withler

Karta Alaska 1983-1993 38.0% Harding & Jones
Petersburg Ck. Alaska 1972-1976 38.0% Jones

Peterson Ck. Alaska 1989 70.0% Harding & Jones
Peterson Ck. Alaska 1991-1992 51/0% Harding & Jones
Sitkoh Ck. Alaska 1982-1993 38.0% Harding & Jones
Situk Alaska 1983 25.0% Jones

Situk Alaska 1996 59% Johnson

Utkholok Kamchatka Pen. Russia 1972 ~35% Savvaib e
Utkholok Kamchatka Pen. Russia 1995 79% Savvaitb e
Snatolvayam Kamchatka Pen. Russia ? 58% Pavldy et a
Kvachina Kamchatka Pen. Russia ? 63% Pavlov et al.
Sopochnaya Kamchatka Pen. Russia 1997-1998 39.7% viovRH al.
Saichek Kamchatka Pen. Russia ? 10% Pavlov et al.

Steelhead and cutthroat differ from other speicidse genus oOncorhynchusn
their potential to spawn more than once, whickeised in commonly unnecessary
fishery science jargon as iteroparity as opposesitoelparity (limited to one spawning).

Semelparity has been described as one effectmgtiae strategy by Schaffer
(2004) in which:

"...the adaptive significance of 'big bang reprodomsti(semelparity) whereby a single,
often spectacular, bout of breeding is followedh®syorganism's obligate demise."

By contrast, in the same textbook on salmonidwian, Stearns and Hendry
(2004) describe the comparative adaptive strategigsroparity and semelparity:
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"The evolution of risk-minimizing adaptations @betdging) does not appear to
have been given the attention in salmonids thagserves. Iteroparous species have the
potential to breed several times, spreading thisk temporally. They also tend to build
several discrete redds in different areas, spregdiveir risk spatially (Barlaup et al.
1994). Pacific salmon, in contrast, are semelparand build only a single redd, thus
reducing their temporal and spatial spreading ekl

Schaffer (2004) concludes regarding the diffesgrawning strategies and
development of simple models to predict reprod@ctionsequences:

"...semelparous salmonids generally breed under higaesities than their iteroparous
allies ...(although) the situation is really quitengplex ... In short, the matter remains
murky, for which reason, this essay concludes wibt an answer, but with an open
guestion..."

Although predictive conclusions may remain elustiie adaptive strength and
resiliency of steelhead, despite relatively smafydation sizes as compared to many
historically large populations of Pacific salmangenerally agreed to be linked to their
life history diversity. Busby et al. (1996) indiea

"Oncorhynchus mykiss is considered by many to trevgreatest diversity of life
history patterns of any Pacific salmon species (kalov and Taft 1954, Barnhart
1986), including varying degrees of anadromy, déifiees in reproductive biology, and
plasticity of life history between generations."

Burgner et al. (1992) concur:

"Steelhead possess an array of life history feattinat reflect extreme
adaptability to a wide variety of environmental ddions. These features combine to
make steelhead life history the most complex avet sk of all the species of
Oncorhynchus."

Much of that inherent life history diversity anadbsequent resiliency of steelhead
is lost with a reduction in respawner rates. tivies obvious benefits for increasing egg
deposition for relative low fish population sizedost respawners are females
(Shapovalov and Taft 1954; Pautzke and Meigs 1B40;1958; Savvaitova et al. 1973;
1996; 1997; and Busbhy et al. 1996). For exampleas found on the Utkholok River in
Kamchatka where poaching of Red Book listed steellead occurred with reduced
anadromous population levels, one of the life nstesponses by steelhead was a
significant increase in the respawner rate andespent adult returns heavily skewed
toward females (Savvaitova et al. 1996; 1997; amdd? et al. 2001). There was also a
corresponding response in higher levels of resic@nbow life histories that were
predominantly male. The Russians found the pojuldtad adjusted with a self
regulating "natural homeostasis.” An increaseeindle respawners would maintain
relatively high egg deposition, and the increasti@resident life history (predominantly
male) insures fertilization.
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Having been a member of the Russian-American etipedo Kamchatka the
year this was discovered, the author of this repastsince attempted to evaluate why
reduced population levels of steelhead on the Olgiapninsula, elsewhere on the
Washington Coast, Columbia River, and British Cdbiamhave not similarly responded.

Many of the rivers in these North American areasl the marine regions in their
proximity, have histories of commercial fisheribatttarget chinook and/or sockeye
salmon from May through June when it may be arateig that wild winter steelhead
kelts would be attempting to return to salt watéor instance, significant numbers of
bull trout migrating in and out of the Hoh Riverdound as incidental bycatch
mortalities in the tribal net fishery from Januginyough June (Brenkman and Corbett
2005); significant bycatch of steelhead in the QuihRiver by the tribal fishery
targeting sockeye occurs in May and June (SASS41@hd snorkel survey
observations by the ONP on the upper Sol Duc Rinerelsewhere on the Olympic
coastal rivers in May have found that nearly ak#ttead were late winter runs (mostly
kelts) [Brenkman per. com. 2006]. It is appardat imany wild winter steelhead kelts
attempting to migrate out of river systems areljileaught in significant numbers as
incidental bycatch to commercial fisheries targgtither species.

In Kamchatka such spring fisheries, legal or otl&g, have not been mentioned
to occur in the rivers where steelhead return.s Timy be related to swollen and debris
filled flows, and potentially ice out as well, whicoincide with steelhead kelt
outmigrations. The outmigration peak may also ota&iore salmon fisheries begin in
earnest. The latter is the case with Alaska'skSiver where steelhead respawner rates
are high and commercial set gillnet fisheries doodur in the estuary until late June,
although some interception of late kelts does o{®Bam et al. 2003).

Sport fisheries may also have increasingly haegesignificant numbers of
earlier outmigrating, as well as later outmigratikglts on Olympic Peninsula rivers (and
elsewhere). Peter Hahn (Appendices of WDFW 198&)iged historic sport fishing
regulation comparisons from the 1940s and 195@air the mid 1990s on the Quileute
River system. Fishing seasons often ended folhstaé at the end of February or March
15 for entire Quileute sub-basins or large sectafrthem in the earliest era. Over time
they have commonly been extended to Apri 85 April 30". On the Olympic
Peninsula, although many river sections are cltsegport fishing for steelhead from mid
April (or the end of April) through May, and by thiest of June all steelhead are now
required to be released to protect summer runsashivigton, previous sport harvest of
kelts may have had a significant impact.

Harvest of kelts in both sport and tribal fishemeay have created a negative long
term impact if higher respawner survival is a geadly passed trait through family lines.
If this has occurred, it may take focused protectibkelts over many generations to
potentially restore this trait with its obvious amtages for steelhead population recovery
and productivity through an anadromous populathuft toward increased female egg
deposition. For natural homeostasis to occurpasd in Kamchatka, it would also
require the coordinated protection of residentttpmpulations that are primarily male as
found on the Calawah and Sol Duc rivers (McMill&@9@ [in prep.]) as well as in
Kamchatka (Savvaitova et al. 1973; 1996; 1997;Randov et al. 2001).
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Historic Salmon Abundance, Reasons for Depletion,na Missing Nutrients for
Quinault Steelhead

In Mountain in the Clouds: A Search for the Wild Saiptruce Brown (1982)
wrote:

"The Quinault salmon ... were arguably the singletrfen®ous run on the Pacific
coast of North America. When the whites arrivedr@enColumbia, they found that the
choicest fish came not from that mighty salmon peed, but rather from a small river
about eighty miles up the coast. In April 1818eagrapher for the Northwest Company
named David Thompson wrote of his stay at the mofutthe Columbia that 'Concomly
[a chief of the Chinook Tribe] brought a few beaiwretrade, and some Queenhithe dried
salmon, which were excellent — the best fish | Is@e&n on the Columbia." The Chinook
Tribe, which owned the premier fishing groundstom €olumbia, esteemed the Quinault
sockeye so highly that they used it as an all-psedgerm of excellence. Whites after
Thompson picked this up and mistakenly appliechéimee to the most prized of the
Columbia’s runs, the salmon now known as the Clkiné®r half a century Chinook
salmon were known as 'Quinnat,’ and even todaydnee persists in Europe and New
Zealand."

"It is difficult to determine exactly how largeetiQuinault sockeye run originally
was. We know that early explorers shot the bluklbaccsport with their revolvers as the
fish leaped from the waters of Lake Quinault, amel Quinault Indians traded them in
dried form from the Columbia to Cape Flattery. Taegest early catch reported was
367,260 sockeye in 1915, with an estimated runtseteyear of at least 600,000 fish."

In 1915 the records of the Indian agent showetlttigalindians fishing on the
north side of the Quinault river caught 219,654kege salmon, while those on the south
side caught 135,353 of these fish for a total &,867 sockeye salmon (Cobb 1930),
slightly less than reported by the source usedtoyB. If the run size was twice the
catch, 710,014 sockeye returned to the Quinaul®itb (over 100,000 more than the
estimate provided to Brown), and this estimate dagsnclude the considerable numbers
used by the tribal members themselves as repoyt€bhins (1892).

Cobb (1930) further reported:

"This does not take into account the result offisl@ng for the other species of salmon
and steelhead trout which quite materially swed total.”

However, even by 1915 Quinault sockeye had bepletsl as further
documented by Brown (1982):

"...The run was probably larger once though, forttheame yea(1915)a report
to the U.S. Commissioner of Fisheries noted thatsalmon [run] in the Quinaielt Lake
and River has materially decreased in recent yeandth increased logging along the
fishes' primary spawning grounds above the lake ctitch of sockeye in the Quinault fell
to 15,665 in 1920, the 'smallest ever known to tinae."
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Brown then continues with the description of feglsito address the real fishery
problems on the Quinault, the construction and afjp@r of a fish hatchery instead, and
the continuing decline of Quinault sockeye:

"The Commissioner of Fisheries' remedy for thebfm on the Quinault was to
construct a salmon hatchery on Lake Quinault, whitbok place during the First World
War. Although acutely aware from the Bureau ohErges' own reports of the damage
logging was doing, he chose to avoid any direcfroomation with the loggers or the
timber interest that stood behind them. Only wilenhatchery itself was imperiled did
the U.S. Bureau of Fisheries raise a timorous voikcgrotest. The rest of the time it was
more than willing to use unchecked logging abuses pustification for expanded
hatchery work. "While there is at present no pesiproof of the efficiency of
propagation as carried on by the [Quinault] hatciigra bureau report from the 1930s
noted, 'it would seem, owing to the present haasawmnditions under which natural
propagation must take place, that the hatchery khba of considerable value in
maintaining the runs of sockeye."

"...The hatchery collected the eggs and sperm fhanfish, mixed them and laid
the fertilized eggs in the troughs. Upon hatchimgy were released into the lake. It was
supposed that more juvenile sockeye in Lake Quimatbmatically meant more adults
returning later, but this did not prove to be thase.

"...The last of the great Quinault sockeye runs gecuduring the 1940s. Old
Indian fishermen at the Quinault village of Tahetdl remember how thick the quick
little fish were in those years, their weight i thets, and the money they made. In 1941,
Quinault Indian fishermen caught 509,140 blueb&lo&,most on modern record. With a
faraway war raging in Europe and Asia, it seemadaféew years that the world had
passed the Quinault by. The sockeye ran strod@40, 1941, 1942, 1947, and 1949,
but after that there were no more catches of 20Df&h, and after 1956 there were no
more catches of even 100,000 fish. When Lake Quinatchery was closed in 1947 it
was revealed that the wild sockeye that once mag hambered 1,000,000 were now
barely able to sustain one-tenth that.”

In the five years from 1987 to 1991 Quinault Riseckeye run sizes averaged
55,176 (SASSI 1994), and in the five years fromGL&92001 the run sizes averaged
24,028 (SaSSI 2003). The latter is 2.4% of thell@ size (if the run size was twice
the catch of 509,140 fish), yet the Quinault soekeyn is listed as "healthy" in the 2002
SaSSI (2003) report. This does not even consiaefatct that the sockeye run had
already significantly declined by 1915 (Brown 1982)

The depletion in nutrients can only have beenggtagg from a sockeye salmon
run reduced by 97.6% in the span of 65 years afstrehl level resource extraction from
the forests, and from the Quinault River and LakénQult.

What led to the demise of Lake Quinault sockeye?

As in most cases, it was a combination of ovevdstr habitat alterations, and
hatcheries. Yet none of these are as irreparatd@aims which did not occur on any of
the coastal rivers of the Olympic Peninsula. Alihlo Brown (1982) did not address the
impacts of harvest, he provided the evidence dfrite run was probably larger once
though, for that same year (1915) a report to ti& Gommissioner of Fisheries noted
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that 'the salmon [run] in the Quinaielt Lake angdRihas materially decreased in recent
years." Smith and Caldwell (2001) indicate thatoier harvest did not begin "in earnest”
until 1916 in the Quinault basin, after the runsevaready reported in decline. Without
dams, habitat alteration, or hatcheries, that leéagvest as the probable mechanism of
early depletion.

The Quinault tribe had been providing sockeye salio the Euro-American
trade market since at least 1813 as Brown (19&k¢ated with a quote from explorer
David Thompson. When Thompson arrived at the mofithe Columbia River, the
Quinault salmon were already well known as thegarefl fish for consumption. The
historic importance of Quinault sockeye is so imggd into Euro-American culture that
the term "Quinnat salmon" is still applied mistalyeio chinook salmon 200 years later
in Europe and New Zealand. It was in the earf{ d@ntury that the salt packing process
was introduced by the Northwest Company and laieticued by the Hudson Bay
Company, for which the "Quinnat ...sockeye salmonevibe principal species
employed in the earlier years (Cobb 1930)."

Sea otters were historically abundant in Washimgsetween Point Grenville and
Grays Harbor (Richardson and Allen 2000) and wesedbed by Scammon (1870:70-
71) as "the most noted grounds" for sea otter lsatvetween San Francisco and the
Strait of Juan de Fuca. In 1792, Captain RobeayGtopped somewhere along the
Olympic Peninsula coast and the crew of his slagdd for sea otter pelts (Scheffer
1940). Point Grenville is just three miles soutffahola and the mouth of the Quinault
(Washington Atlas & Gazetteer, 1995, DeLorme, FoegpMaine).

All of the evidence indicate that Tahola, at theuth of the Quinault, would have
been an obvious point for Russian, English, Spamisti American ships to stop to trade
for sea otter furs and to reprovision with avaéatQuinnat salmon" as the preferred food
item available from West Coast native tribes. Tidoubtedly began in the 18
century. The Quinault tribe would have profitedyan in this trade for both sea otter
and sockeye salmon they could provide in abundentiee many ships from foreign
lands. The Quinault tribe had become an estalliphét of the "industrial economy” by
the beginning of the 1ocentury.

Sea otters went extinct in Washington by 1911 l{Ridson and Allan 2000)
strictly due to overharvest. Salmon depletiorhim Quinault followed the same early
trend of sea otter depletion. But salmon were maraerous with higher fecundity per
individual. It took longer to deplete them, anteatfactors have been added along the
way, but overharvest was the initial factor forueithg salmon numbers and making them
that much more vulnerable to habitat alteratiorg lzatcheries that have followed.

A salmon hatchery was built on Lake Quinault dgtine First World War.

Brown (1982) explains:

"During the first two decades of its existence, ltlake Quinault hatchery was
more bane than boon to the blueback. Assumingutieof sockeye in different rivers
were interchangeable, the hatchery imported sockggs from Afognak Island in the
Gulf of Alaska. As these Alaskan fish interbreith whe bluebacks they dulled the native
fishes' hereditary adaptation to the river, makthg wild sockeye less efficient
reproducers. The Afognak transplants were alsorifyeanfected with a viral fish disease
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known as IHN. Fisheries biologists like Larry Gitson speculate that IHN may not
have been such a serious problem on the Quinatdtd¢he hatchery..."

There were also exotic fish introductions thatlddwave upset the biological
balance in Lake Quinault. Taft's (1925) indicdtest there were the following hatchery
releases:

"...1920. 40,000 Mackinaw fry and 237 silver trquiobably kokaneelyy
stocked, 1916, 7,750 Beardslee(sirain of rainbow from Lake Crescentp18, 27,000
Crescenti fry(strain of cutthroat from Lake Cresceritp22, 50,000 silver troprobably
kokanee agairnyy."

If the Mackinaw took hold for a time, they couldve become particularly
predatory on juvenile sockeye rearing in the lak® the kokanee released could have
added still more competitive stresses for a popraif wild sockeye that was already
struggling. For instance, in 1920 the catch oksge fell to 15,665, the smallest known
at the time (Brown 1982). Through all of this, \&st apparently continued unabated.

The other salmon species of the Quinault basie h@lowed the sockeye trend.
In 1911, a total of 5,000 cases of chinook salmas packed at the Quinault cannery
(Cobb 1930). At 48 one pound cans per case, liesgpted 240,000 pounds of chinook
after processing. Myers (2005) indicated 50% wgestar chinook during canning
meaning 480,000 pounds of chinook salmon weretsalde cannery. Wilcox (1898)
indicated the average chinook was 20 pounds foePagund waters, indicating 24,000
chinook were sold to the cannery. If the catch 8@ to 30% of the run size, the range
used by Myers (2005), the Quinault chinook salmonsize was 48,000-80,000 fish,
likely spring and fall stocks combined, in 1911.

In 1913, a total of 7,106 cases of coho salmonpeaged at the Quinault cannery
(Cobb 1930). At 48 one pound cans per case, iesepted 343,688 pounds of coho after
processing. Using Myers' (2005) range of 50%-708détage, it would represent
682,176-1,136,960 pounds of coho sold to the cgnrifilcox (1898) indicated the
average Puget Sound coho caught was 8-8.5 polsglsg the heavier of the two, it
would mean that 80,256-133,760 coho had been cauddte 1913 wild coho run size
would have been 160,512-267,529 if catch was 50%eofun size, the lowest harvest
rate suggested by Myers (2005). However, wild ceddmon returns only averaged
42,500 from 1936 to 1945 and the mixed stocks cdtvaine now hatchery and wild fish
(SASSI 1994) dropped further to 25,700 between E3uB1987 (Lestelle and Blum
1989). The present population of coho is thougtite a composite of hatchery and wild
coho due to mass fry releases and hatchery stréyingghout the system that has
occurred. The Cook Creek hatchery stock is conpo$garious Puget Sound and north
coastal coho stocks with early run timing to allomreased harvest rates, and no recent
efforts to assess natural coho production and escapt goals have occurred since
Quinault coho are managed to meet hatchery pramuogeds (SASSI 1994). The
present wild coho status is considered "unknowa’S& 2003).

The 1978-1987 Quinault basin run size compositeotii hatchery and wild coho
mixed was 9.6%-16% of the 1913 run size. The iogpibns suggest that wild Quinault
coho may already be genetically extinct.
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In 1923, a total of 6,756 cases of chum salmonpaaged at the Quinault
cannery (Wilcox 1930). At 48 one pound cans psedarepresented 324,288 pounds of
chum after processing. Using Meyer's range of 50%- wastage in canning, it would
represent 648,576-1,080,960 pounds of chum sdlietcannery. If the average chum
weighed 9 pounds as indicated by Wydoski and Wii{879), it would mean that
72,064-120,106 chum salmon had been caught. T2&wWBd chum run size would
have been 144,128-240,212 fish if catch was 50#%efun size. However, from 1977
to 1991 the run sizes of chum salmon returningnéoQuinault have only ranged from
4,594 to 25,798 fish with a five year average 608, fish from 1987 to 1991 (SASSI
1994). Both harvest and escapement trends wélrdestiining. Nevertheless, the
Quinault River chum salmon were listed as "healthy"

The magnitude of the losses of sockeye, chinoilk, pnd chum salmon that
have occurred in the Quinault system are listeDaible 24.

Table 24. Comparative Quinault system salmon run sizes t@toric numbers to present numbers and
the magnitude of depletion.

Species Historic run size Present run size Magnitudof depletion
Sockeye 710,014-1,000,000 | 24,028 minus 689,986-975,972 salmon
(1895 & 1941) (1996-2001) 2.4%-3.4% of historic run size
Chinook 48,000-80,000 5,400 fall; 1,153 sprind minus 41,447-73,447 salmon
(1911) (1987-1991) 8.2%-13.7% of historic run size
Coho 160,512-267,529 25,700 (hat+wild) minus 134,812-241,829 salmon
(1913) (1978-1987) 9.6%-16.0% of historic run size
Pink Unknown Unknown but minimal|  Unknown but likdgrge
Chum 144,128-240,212 8,500 minus 135,628-231,712 salmon
(1923) (1987-1991) 3.5%-5.9% of historic run size
Total salmon >1,062,654-1,587,741| ~63,628 minus > 1,001,8732,98D salmon
<4.0%-6.0% of historic run size

For its basin size the Quinault system would Haaen one of the most prolific
salmon streams of the North Pacific Rim with resuoh over 1,000,000-1,500,000
salmon (not counting the unknown numbers of histpimk salmon) prior to industrial
level salmon harvests and alteration of habitaiubh industrial timber harvest on the
Quinault Indian Reservation. The Quinault's rerabl& historic productivity was
undoubtedly directly related to Lake Quinault fier stabilization of flows downstream
and provision of nutrient accumulation once prodithy salmon carcasses. As indicated
by Smith and Caldwell (2001):

"The lake is classed as oligotrophic (low nutrieaels, low productivity)...It is theorized
that low numbers of returning adult sockeye hawkiced the nitrogen and phosphorus
formerly contributed by salmon carcasses upstreathelake to the lake ecosystem, and
that this may be contributing to low sockeye smpatuction (Stockner 2000)."

The Quinault River is the worst case example iiggrPacific salmon depletion
on the Olympic Peninsula as measured by sheer nsr{the Queets River salmon
depletion may be higher by percentage of loss)inlgated above, the subsequent lack
of their own nutrients limits sockeye salmon pragucin Lake Quinault. Declines in
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salmon abundance have caused a corresponding sie@ndae amount of nutrients and
organic matter delivered by salmon to the freshinatesystems (Bilby et al. 2001).
Gresh et al. (2000) indicated that delivery of mutis by salmon to watersheds in
Washington, Idaho, Oregon, and California is alé8at7% of historic levels. As low as
that estimate is, the Quinault basin is even furtiedow that level. It is known that
steelhead are particular benefactors of decompasilmgon carcasses and their eggs
(Bilby et al. 1998). Presumably steelhead produicis severely limited by the great
reduction in salmon nutrients that has occurrethiénQuinault basin with present salmon
run sizes less than 4%-6% of historic numbers @disated in Table 24.

As indicated by Bilby et al. (2001):

"It is evident that Pacific salmon are not onlp@duct of the ecosystems where
they spawn and rear but also make a critical cdnition to the ecological health and
productivity of these systems. As such, they dimutonsidered part of any
comprehensive approach to restore freshwater habitthe Pacific Northwest. Many
efforts at habitat restoration now underway aresaipting to couple improvements in
land use practices with deliberate manipulationslodnnel form to produce the physical
habitat conditions preferred by target speciesedehefforts cannot be successful if the
streams lack the capacity to generate sufficieoti fim support the rearing salmon."

Habitat

Euro-American settlers arrived in the Quinault bdsy the late 1880s with
subsistence farming and grazing occurring primanilihe Lake Quinault and Cook
Creek watersheds (Smith and Caldwell 2001). Csdlarage logging from the 300-acre
"Neilton burn™ began in 1916, and railroad conginrcprovided access to timber harvest
in the Quinault and Cook Creek watersheds betw8éii &and 1940. Extensive road
construction occurred between 1950 and 1980 wittie@ timber harvest. In 1978, the
Quinault Nation began a program to reacquire lamdthe reservation to return them to
tribal ownership and management. Most all of #reds within the Quinault Indian
Reservation and U.S. Forest Service ownership haga harvested at least once.

Bruce Brown (1982) provides yet another layedescription regarding the
alterations to Quinault basin habitat. During et World War the U.S. Army logged
many Sitka spruce from above the lake for manufaabfiwar planes. Although it was
selective cutting, it was thought to trigger riviannel changes thereafter with increased
braiding and wandering across the wide valley. Elmv, it does not compare with what
came thereafter as described by Brown:

"Logging, meanwhile, became steadily more widespend destructive. The
Quinault Indian Reservation, which occupies 190,80@s...is generally considered to
have been the most savagely logged area in the stalvashington. Beginning in 1922,
reservation timber was sold by the U.S. Bureawndidn Affairs in large blocks, which
were progressively clearcut following the railrobyging practices of the day. Tens of
thousands of acres were stripped of valuable tinmvarcontinuous line as the rails
pushed deeper into the wilderness. No effort wadento clear the heavy load of cedar
slash that covered the land, or to reforest it, amthe 1930s a series of huge fires swept
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and reswept the area until the mycorrhizal fungrevdlled and the soil would support
nothing but the brush deserts that cover it to tag..."

"The years right after the Second World War alse another increase in
logging activity. Using trucks instead of railrofldtcars to get the trees out of the
woods, logging outfits were able to exploit stegpegviously inaccessible hillsides.
Because of the terrain and road building technigumesd slides became increasingly
frequent along the rivers and streams of the QuirRaservation ..."

After describing the impacts of logging on the Wagton Department of Natural
Resources Lands in the Queets and Clearwater hasiles the direction of Washington
Commissioner of Public Lands Burt Cole, Brown coués:

"Not that DNR was the only guilty party ...Loggingprivate land was generally
worse, and worst of all was logging on Indian resgions, which are managed by the
federal government. A report issued by the U.sh Bnd Wildlife Service in 1979
showed that 50 percent of recent logging operatmm$he Quinault Reservation had a
direct and deleterious effect on salmon, killingrthby 'suffocation, poisoning,
starvation, thermal shock and disease." Toxic cetiesh was left piled in streams,
culverts were installed so that the fish would hevbe able to fly to pass through them,
logs were dragged through spawning gravel, andastr&ide vegetation was leveled,
according to the report. In half these cases,damage occurred after both the Bureau
of Indian Affairs and the logging company had reediofficial warning from Fish and
Wildlife regarding the danger to salmon."”

The largest block of habitat problems is in ther@ult Indian Reservation related
to past logging. This is despite the habitat athges of Lake Quinault as a flood buffer.

Lake Quinault averages 146" of rainfall per ye@he lake acts as a moderating
reservoir resulting in peak discharge flows that2t% to 38% lower than the nearby
Humptulips and Queets Rivers respectively that lmevkarge lakes in their drainages
(Quinault Indian Nation and U.S. Forest Service)99

Nearly all the land downstream of Lake Quinaukt baen clearcut (Quinault
Indian Nation and U.S. Forest Service 1999) whiangases the risk of high flow and
low flow problems (Smith and Caldwell 2001). Anhuater yields increase in the
winter rainy season in the first ten years aftevést and roading (Harr 1983; Hicks et al.
1991). The combination of clearcutting and roadirag predicted to result in a 21%
increase in 10 year flood events in a model dewsldpr the Deschutes River in
Washington (La Marche and Lettenmaier 1998).

Smith and Caldwell (2001) also indicated that ftlaws can occur as a result of
loss of large conifers. Large trees were foundoitect moisture from fog, particularly in
Sitka spruce zones such as the Quinault (Harr 198@Y drip can contribute 35% to
annual precipitation beneath old growth canopias fisturns back to streams (Norse
1990). That is now virtually gone on the lower Qault and will take centuries to fully
recover.

Several tributaries experience low flow problemdtte lower Quinault, although
it is not known to what extent they may be humamsed (Smith and Caldwell 2001).
Big and Prairie creeks have about 19% of dry chiammeer Creek has 17% dry channel;
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and No Name Creek has 9% dry channel (Quinaulamdiation and U.S. Forest Service
1999). Whether human caused or not, such tritegatemonstrate the adaptive value of
having early return, early spawning, early emergiteglhead to take advantage of what
would otherwise be habitat limitations. In loggdtiwatersheds, such steelhead
characteristics would be particularly important daienore streams going dry creating
conditions similar to that described by EveresZ@%or steelhead in the Rogue River
basin. However, steelhead harvest throughout Wgtdn has targeted early arrival
steelhead for decades minimizing their ability fie&ively reproduce in logged off
watersheds.

Smith and Caldwell (2001) indicate that during #820s, logging began in the
southern area of the Quinault basin using rail.cMgravel was removed from the rivers
to build the railway system (Quinault Indian Natiemd U.S. Forest Service 1999). Early
logging typically included removal of trees to steeam edge with no remaining conifer
buffer. As late as the 1970s and 1980s, loggirag maholah and Crane Creek also
removed riparian vegetation despite regulationsterg at the time to protect streamside
buffers (Quinault Indian Nation and U.S. Forestvi®er 1999) as documented in Smith
and Caldwell (2001). There was no indication whos@agement decision it was to log
those buffers, although beginning in 1978 the Quiindation began acquiring Quinault
Indian Reservation land for the purposes of ownprahd management.

As of 2001, there had been no inventory of bloelatpat occur in the lower
Quinault sub-basin. This was identified as aailtfactor that needs to be addressed. It
is thought that many culverts exist in the lowdr-Basin associated with old roads which
have not been assessed for fish access, and iddmae a higher priority than other
areas of the basin for fish access assessmentth(8na Caldwell 2001). This is entirely
on the Quinault Indian Reservation, and sincel#md has been in the process of being
acquired by the Quinault Nation for management psep ever since 1978 (Smith and
Caldwell 2001) it would be anticipated this migletdtribal fish management priority
along with other habitat restoration activitieshaligh no indication of that was found.

Smith and Caldwell (2001) indicate anadromous fiaksage is blocked by the
U.S. Fish and Wildlife Service Quinault NationaslriHatchery weir at RM 4.5 on Cook
Creek. The hatchery started operation in 1968 §Bes$ al. 1996; and Smith and
Caldwell 2001). Anadromous migration into uppeoo&&reek tributaries, such as
Hathaway and Skunk Creeks is similarly blockedhsyhiatchery weir (Mobbs 1999a).
The hatchery also withdraws water from Cook Creek discharges effluent back into it,
although work completed in 1997 has reduced theuatnaf settleable solids in the
effluent (Mobbs 1999b). While maximum summer wagenperatures are rated "good"
at the hatchery intake, they are rated "poor" amntlouth 4.5 miles downstream. Because
of this, water quality is rated "poor" in lower GoGreek while upper Cook and Skunk
Creeks are rated "good" (Larosa 1999). Howeverhtitchery weir blockage denies
access to that remaining good habitat, about Geati miles as measured from maps
(Washington Atlas & Gazetteer, 1995, DeLorme, FoggpMaine), which may be some
of the best remaining habitat on the Quinault nestéwn.

Smith and Caldwell (2001) listed numerous othebfems in the lower 33 miles
of the Quinault basin including abandoned roadsraiigads that have drained and
created ponds and wetlands; unregulated efforftéo river channel locations and
remove large woody debris to accommodate boat gassacurred as late as the early
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1990s; one channelization effort included a bulletcoperating in the river in late
summer where summer/spring chinook redds had bestyonstructed; road densities
have been underestimated and further assessmergeeatly needed; large woody debris
is far below historic levels which includes rivgrasining logjams removed from the
mainstem river as late as 1933 by Conservation Comgws; stream shading was below
target levels in the mainstems of Prairie, Mouats] Railroad creeks resulting in "poor”
ratings; and although current forest practicesnawee protective than in the past, riparian
zones already degraded need restoration activities.

Lake Quinault has been described as the primatyife in the Quinault basin
(Smith and Caldwell 2001) that differentiates drfr the other large basins of the
Olympic Peninsula coast excepting for Ozette Latek River system. Lake Quinault is
3,729 acres and up to 240 feet deep. The lakseid by spring/summer and fall chinook,
chum, coho, and sockeye salmon as well as steetbeadgration, adult holding, and
juvenile rearing (Mobbs 1999), although spawning hat been observed in the excellent
gravel off of tributaries (Phinney et al. 1975; aidbbs 1999). Overall, Lake Quinault
is rated as generally "good" salmon habitat wittsigmificant changes from historic
conditions (Smith and Caldwell 2001), although taitng apparently does not take into
consideration the nutrients that the present lddalmon denies.

There has not been an extensive inventory of lalge& in the Lake Quinault
watershed region (Smith and Caldwell 2001), alttotlgee culverts at the time were
known to require repair at the Higley, Slide and@dcmick Creek crossings on the
North Shore Road (WDFW 2000a) which may prevenessto what would be relatively
pristine habitat within the ONP.

Sections of bank armoring (rip-rap), as evalu&e®NP in 1996, impact 1.55
miles of roads in the ONP, and does not take intmant the armoring by private
property landowners between Lake Quinault and thi@&ult Bridge near Cannings
Creek (Chadd 1997; and Caldwell 2001). The proyimi the road to the mainstem
above the lake and associated bank armoring igtitda have caused extensive
floodplain alterations (Smith and Caldwell 200Because side-channel and off-channel
habitat between Lake Quinault and the Quinault Rivilge is a prime spawning reach
for sockeye salmon, and because bank armoringdeas fignificant and has increased in
the past 20 years, the floodplain conditions aredrépoor” (Smith and Caldwell 2001).

In years of good returns, it has been found thatithalf of the spawning
population of sockeye salmon can be found in tde-shannel habitats adjacent to the
mainstem above the lake, while the other half tsedributary spawning habitat (Smith
and Caldwell 2001 via per. com. with Scott Chitwpdamestown S'Klallam Tribe).
Chitwood also indicated the mainstem reach is ighportant for spring/summer
chinook and is used by fall chinook, summer stedhevinter steelhead, coho, chum,
cutthroat, and native char.

Considerations for Quinault Ecosystem Recovery
The Quinault and Queets salmon and steelhead leassgistems are the worst

case examples of the coastal Olympic Peninsula siygems examined in this report as
determined by historic evidence of what the lewéldepletion have been.
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As for all rivers and regions of the state of Wagton examined in this report, it
has been apparent that lack of a sufficiently adtionic baseline has been a significant
reason for continuing declines of salmon and sez&lh In the case of the Quinault,
Smith and Caldwell (2001) conclude:

"To summarize, known data indicate that springfsiemchinook levels are
‘depressed’, and coho salmon, lower river winteektead trout, and sockeye salmon
have declined compared to historic levels. Faihobk escapement levels have
increased, and chum salmon, upper river winterlbesel, and summer steelhead
abundance have not shown a statistically significkecline, although some concern
exists about these stocks. Because about hdlecfa@lmon and steelhead stocks are
below historic levels, nutrient cycling has likblgen reduced and is rated 'fair' for the
Quinault basin."

Such understatement of the magnitude of the pnoldea primary limiting factor
to restoration of salmon and steelhead ecosysterasghout Washington. Salmon and
steelhead ecosystem recoveries will never occulrsorhething like Table 24 is
developed from which to create effective templateshere we currently are on a
reasonably accurate historic scale since Euro-Ararréexploitation began to rapidly alter
biological balances that were once complexly imtgred and have become increasingly
unraveled.

Until it is admitted that "Humpty Dumpty" is brokethere can be no putting him
back together. To create mythologies and euphenmssconceptions that Humpty
Dumpty merely has a slight crack in him by disphayfictional pictures of his happy
face, while carefully sweeping all his parts uniher rug, is the equivalent of political
and religious fanaticism in which long dead leadeeskept alive by carefully kept
photographs, paintings, and sculptures for decaeduries, and millenniums after their
deaths to insure masses of human beings are matagub remain entrapped in a past
that has no present reality. This is the presamllof "science" guiding fishery
management.

There are lessons to be learned from other disegl Archaeology and
paleontology are among them. They are sciencpsrpitually putting "Humpty
Dumpty" back together. On hands and knees witHldmashes, layer by layer the past
is uncovered and fragment by fragment put backtb@ge But first you need all of the
pieces; and they need to be the right pieces. i¥fas much a key to restoration of living
biological communities as it is to restoration lod likeness of the dead from the sum of
the long buried parts.

It has taken 200-300 years to undo the Quinawoksystem. It will likely take a
similar investment in time to restore it. Howewvgayts of it will recover more quickly
than others once the decision is made to put "Hympmpty" back together again
rather than sweep all the parts under the rughdrcase of the Quinault, no relative
"permanence” of habitat loss has occurred suchaghrough construction of a dam or
conversion of large parts of the watershed to afitice, industry, or urban/suburban
development. Nor has any recent Mt. St. Helensarot event occurred or recent
impact of glaciation. In fact, what has happerethe Quinault salmon and steelhead
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based ecosystem amounts to relative trivialitigh@écontext of natural history and more
recent human history driven by industrial levelmmmics of resource extraction.

Despite these relative trivialities, the end effe@s been a magnitude of wild
salmon and steelhead losses (wild Pacific salmenlass than 4%-6% of historic
numbers from Table 24) that rival those anywhensida of total extinctions such as
have occurred to salmon and steelhead upstreamanfl& Coulee and other high dams.

The Quinault system was a remarkably productit@aa and steelhead system
as late as 66 years ago when over half a millimkesge salmon were harvested in 1940.
From the available history, it is apparent thatedetency on hatchery programs has been
"more bane than boon" as described by Bruce Brd®82).

Cessation of hatchery programs can have posiiselts. Substantial releases of
hatchery coho salmon were released into Puget So8ndqualmie River from 1952 to
1972 (SaSSI 2003). After cessation of those rekasild coho have responded
positively from the available WDFW records datiogl®77 (SASSI 1994; and SaSSiI
2003). The measure of coho returns in the Snogaagstem is from surveys of index
reaches where "cumulative fish days" are determ{8a&SI 2003). Between 1977 and
2003 wild coho returns in the Snoqualmie basin anged from a low of 10,183 in
1981 (SASSI 1994) to a high of 103,339 in 2003 assured in fish days (SaSSI 2003).
The trend has been upward with a 5-year average 1@86-1990 of 50,779 to a 5-year
average from 1999-2003 of 71,738 (from data in $2883).

It has also been found that coho genetic diversityains in the Snoqualmie basin
with at least two distinct populations identifieshe in Harris Creek and another in
Grizzly Creek, which are significantly differenbfn each other and from any other wild
coho populations analyzed in Washington (SaSSIR2008Id coho abundance is high in
many Snoqualmie tributary creeks as describedifaghington Trout report regarding
coho spawning survey findings (McMillan 1999). T&ne report documented
increased coho numbers into habitat where cupessage had been provided or
improved, and other areas where similar coho resggto passage improvements still
await increased escapement levels that may pushliigher into the drainages.

The higher levels of wild coho abundance in Snbgieabasin tributaries have
also resulted in measurable nutrient advantagehéorearing wild juvenile coho in the
same streams as compared to other basins with lwikkbcoho escapements. Bilby et al.
(2001) found that juvenile coho sampled in Snogiglbasin tributaries, which all had
high coho carcass/km abundance levels, had higlstaie isotope ratios than tributaries
of the Chehalis, Deschutes, Hoko, Clallam, Skd&yjitkey, Bogachiel, Soleduck, Hoh,
and Willapa basins which had far lower coho caredssdances. While the tributaries
of the other ten river basins sampled had a rahgelg 1.2-78 coho carcasses/km, the
tributaries of the Snoqualmie basin had a muchdrighnge of 201-968 coho
carcasses/km.

It is apparent that wild salmon abundance buildggelf if escapement is allowed
to reach abundance levels that result in significatrient increases.

The increase in wild coho production on the Snégiehas occurred at the same
time as human population increases and suburbasapeuent in the Snoqualmie valley
have occurred, as elsewhere in King County. Theg8almie basin also has a long
timber harvest history and agricultural use, bdtvloich continue to occur and which
has included a Weyerhaeuser headquarters in Rgla@ing the Snoqualmie River.
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A recent U.S. Fish and Wildlife Service (USFWS)a# provided the following
history (U.S. Fish and Wildlife Service 1999):

"...Quinault hatchery was established in 1964 ag p&a conservation
partnership between the Service and the Quinadigim Tribe to restore and enhance
depleted salmon and steelhead runs on the reservatid in other areas along the north
coast of Washington."

"...The Quinaults are a fishing people and wherrtims began to thin badly in
the early 1960s, there was cause for real concern.

"The decline in fish runs proved double edged;Q@énault tribe also permitted
extensive logging on reservation land, causing graéation in fish habitat that in turn
took a heavy toll on the fish population. Combingith an increasing commercial
harvest, the population drop grew staggering.

"Since then, said hatchery director Marjorie Pahlerself a member of the
Quinault tribe (as are five others of her seven-menstaff), the hatchery has
contributed significantly to a restoration of salmand steelhead runs in the Quinault
River, increasing a food supply and making contidns not only to the tribal fisheries
but also to Indian, sport and commercial fisheréshe Pacific Northwest."

As indicated by the USFWS, the Quinault Indianidlamade two fateful
decisions that impacted salmon and steelheado Ibgtthe reservation; and 2)
commercially overharvest the salmon and steelheasl with "staggering” reductions.

The USFWS account then reverses the historic deopindicating since
initiation of the hatchery in 1964, it has contiidéa significantly to restoration of salmon
and steelhead runs. Tables 21, 22, and 24 andesig6, 47, 50, and 51, all portray a
very different wild salmon and steelhead histontthe USFWS account: wild chinook,
sockeye, coho, chum, and winter and summer steg|bgaulations have all plummeted.

It remains that the Quinault Nation can reversatwias occurred with an
effective plan for long-term ecosystem recovery thauld similarly include the U.S.
Forest Service, private landholders, and the ON® have all contributed to the
unraveling of the Quinault basin ecosystem and mhtually hold the key to putting it
back together again.

The Snoqualmie River coho example provides onepoor@nt to opening the
door to ecosystem recovery. A shift of fisheryaatiments from hatchery production to
habitat recovery both below and above Lake Quirtautte junction of the forks is
another, combined with purchases of private larddihgs along mainstem and tributary
corridors for the purposes of insulating the Quihsalmon and steelhead ecosystem
from further degradation. Harvests of all resogyeeghether fish, timber, minerals, or
water, will require reevaluation in a shift from imdlustrial economy that simply takes
for its own immediate monetary profit and eventeslource collapse, to re-creation of an
economy that incorporates giving enough back tetieesystem so it can recover and
once again become self-sustaining with resultirgijsrspread over the long-term.

VI. Situk River
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Alaska's Situk River is located 18 km (10.9 miyitheast of the village of Yakutat
(Clark and Paustian 1989) which has a populatiosB6f(2004 State Demographic
estimate). It has periodically been the outflowHmbbard Glacier's terminus into what
is presently Russell Fiord. At this point in tintleat is not the case and the Situk River is
a small, stable, low gradient stream. It runs &4(22.0 mi.) from Mountain Lake,
then to Situk Lake, and then to an estuary it shatith the Ahrnklin River before
outletting to the Gulf of Alaska (Bain et al. 2003)jhe Situk has two main tributaries,
both relatively small: the Old Situk River (20 konb [12.4 mi]) originates from a pond
and the West Fork Situk (10 km long [6.2 mi]) coroes of Lake Redfield (Thedinga et
al. 1998).

The Situk basin is characterized by a patchworkpofice forest, muskeg, and
willow and grass meadows. The U.S.D.A. ForestiSemndicates the area has an annual
rainfall of 151" and annual snowfall of 202". Téetire length of the Situk below the
lakes is low gradient dominated by long, slow podifie steam substrate is almost
entirely gravel. The channel is frequently blockgddebris jams of spruce that have
been windthrown (although all of these blockagesehzeen notched with 8'-15' gaps to
accommodate small boat passage) [McMillan 2004].

The Situk River has a particularly active relasibip with Hubbard Glacier as
described by Thedinga et al. (1993):

"The advancing Hubbard Glacier dammed Russelldrimear Yakutat, Alaska in
May 1986 and created the world's largest glaciersfed lake. Rising water in the newly
formed 'Russell Lake' threatened to overflow aoddlthe Situk River, one of Alaska's
most productive salmon and trout rivers. Befooedling could occur, however, the ice
dam burst. Based on tidewater glacier cyclesj¢kedam is expected to rebuild
eventually; overflow from 'Russell Lake' will prdityaflood the Situk River and
drastically disrupt fisheries. Historically, theudbard and other glaciers that originate
in ice fields of the St. Elias Mountains have rdpdly advanced and retreated over the
past 7,000 years, alternately impounding and ralggan enormous lake in the Russell
Fiord basin (Mayo 1988). Prior to 1986, the lastndming of Russell Fiord and flooding
of the Situk River ended in the mid-1800s (De Lagtral. 1964). Flooding would
change the present Situk from a small, clear, gdouater-fed river, to a large, unstable,
glacial river. USFS hydrologists expect floodwatey follow the same route of previous
floods down the Old Situk River, into the Mainst&imk River, then into the Pacific
Ocean via the Lost River. The predicted flood zeileencompass nearly 70% of the
Lost and Situk Rivers. After flooding, it is estied that average flow will increase by a
factor of 37 and the river will be turbid with firgtacial silt and sediment from erosion
(Mayo 1988)"

The Situk River's relationship to Hubbard Gla¢ard other glaciers) is not
unlike the history of the Hoh River during the Enown glacial events that went up and
down it's valley during the Wisconsin glacial perioThe Situk River as it presently is
has only existed since the last glacial floodindezhin the mid-1800s, 150 years ago.
Throughout, salmon, steelhead, char, and trout paxssted with what has been
remarkable productivity for all species — at lesiste the end of the last flooding.
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The Situk River is again predicted to become t#la@v from "Russell Lake"
when Hubbard Glacier, 92 miles long and the longaliéy glacier in North America,
once again dams Russell Fiord with more permangaceit briefly did in 1986 (and
again in 2002). It is thought this will occur rid@ly soon. The resulting river will be
100 times larger than the present Situk and wsiéneble the glacial Taku River near
Juneau (Humphry and Thedinga 1991). It's presathwf 25 m will increase to 2,500
m. Although the initial years of flooding may dstate fish habitat in the flood zone
with fish numbers reduced by 50%, in 3-5 yearsauld be predicted to stabilize into its
old glacial outflow channels and over time potdhtinecome even more productive than
before due to the larger river size, although tlatld take a century or more.

Situk Hydrology, Drainage Area and Flow Compared toOlympic Peninsula Rivers

The Situk River is about 25 m wide (81 ft) andinse200 sq. km (77.2 sq mi)
[USFS 1985; and Thedinga et al. 1998]. [The infdramafor the Situk River on the
Alaska Department of Fish and Wildlife website pates the drainage size is 124 sq mi,
apparently an error created by multiplying 200 sglky the km conversion factor of
0.6214 instead of the sq km conversion factor 8861]. The drainage area originates
from three lake sources of a combined 602 ha (1238$8lark and Paustian 1989] which
provides considerable hydrologic stability (John2603). The average summer flow is
6 m3/s (212 cfs) [Clark and Paustian 1989], witramarage annual flow of 10-15 m3/s
(350-530 cfs) [Lamke et al. 1991].

For comparative purposes, the Ozette River an@ IGgette on the Olympic
Peninsula coast has similarities to the Situk Rwigh its lakes. Its drainage size of 88
sq mi (228 sq km) [Phinney et al. 1975] is simdarwell, although its length of 13.3 mi
(21.4 km) is considerably shorter than the Sit@R'sni (35.4 km) and its average low
summer flow is only 50 cfs (1.4 m3/s) with an agerannual flow of 500 cfs (14.2
m3/s). The Dosewallips River on the east siddef@lympic Peninsula has a somewhat
larger drainage than the Situk River at 94 sq #8(2g km), and is somewhat longer at
28.3 mi (45.5 km), but it has a more similar averbmyy summer flow at 200 cfs (5.7
m3/s) and average annual flow of 445 cfs (12.6 n3/s

SITUK STEELHEAD HISTORY

Steelhead are found in 581 streams in the southegien of Alaska where
steelhead abundance is greatest (Lohr and Bry&®&)19Most of these streams are
small. Estimates of escapement are made for 38arss with just 56 of those estimated
to have runs of over 500 steelhead. Only 12 stsean@ thought to have runs over 1,000
steelhead (Jones 1994; and Lohr and Bryant 1998).

Lohr and Bryant (1999) [regarding life history aleand Bain et al. (2003)
[regarding historic data] were found to be completmg Situk River steelhead sources
from which most of the following information wasrmpiled along with a spreadsheet
from ADF&G (2003a) and access to their website (&0F2003 and 2006; and 2006a).
Table 25 provides a condensation of much of th&t:da

Table 25. Situk River steelhead harvest and monitoring histoy, 1947-2005), from Bain et al. (2003)
and ADF&G Situk Weir website data accessed in 2008nd 2006: Annual sport harvest, set net harvest,
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subsistence harvest, total harvest, weir counfémed monitoring count), peak float count (secaogda
monitoring count), total run size, and % of rurediarvested.

Year Sport Set net Subsistencg Total harvest  r @deint Float count Run size| % harvg
1947 ? ? ? ? 300-500 min * none >500 ?
1948 many anglers ? ? ? no mention none ? ?

1951 ? ? ? ? 3000 min* none >3000 ?

1952 ? ? ? ? 25000-30000 none >25000 ?

1953 ? ? ? ? almost non-existent* | none ? ?

1954 ? ? ? ? very few* none ? ?

1971 ? ? ? ? 160* none >160 ?
1974 ? <10 ? ? none 9* ?

1975 ? <10 ? ? none 84* ?

1976 ? <10 ? ? 117* 114* >117 ?

1977 136 <10 ? >136 17* 245* >381 <36%
1978 145 <10 ? >145 32* 241* >386 <38%
1979 336 <10 ? >336 370* 567* >903 <37%
1980 258 <10 ? >258 340* 694* >952 <27%
1981 335 <10 ? >335 6 1503* >1838 <18%
1982 509 <10 ? >509 1830* 3005*** 3514 ~14%
1983 818 <10 ? >818 18* 220* >1038 <79%
1984 673 <10 ? >673 50* 2151* >2824 <24%
1985 336 <10 ? >336 891* 2048** >2384 <14%
1986 494 <10 ? >494 222* 1367* >1861 <27%
1987 454 42 ? ~496 5* 3206 3702(?) ~13%
1988 833 173 ? ~1006 1211* 2595** 3601(?) ~30%
1989 1086 219 ? ~1305 5991 2251 7296 ~18%
1990 591 72 ? ~663 3652 1640 4315 ~15%
1991 530 113 0 643 2526 979 3169 20%
1992 8 (C&R) 115 29 152 2976 883 3128 5%
1993 0 (C&R) 175 1 176 338* 3499 3675(?) ~5%
1994 42 (2-fish>36)] 163 21 226 7854 4702 8080 3%
1995 48 (2-fish>36)[ 152 25 225 6680 6235 6905 3%
1996 54 (2-fish>36)] 235 22 311 8510 6544 8821 4%
1997 na (2-fish>36)| na 25 na 7328 na >7353 ?
1998 na (2-fish>36)| na 3 na 5786 na >5789 ?

1999 na (2-fish>36)| na ? na 9204 na >9204 ?

2000 na (2-fish>36)| na 11 na 6709 na >6720 ?

2001 na (2-fish>36)| na na na 6400 na >6400 ?

2002 na (2-fish>36)| na na na 6113 na >6113 ?

2003 na (2-fish>36)| na na na 7957 na >7957 ?

2004 na (2-fish>36)| na na na 12462 na >12462 ?

2005 na (2-fish>36)| na na na 12274 na >12274 ?

* Years of incomplete weir and/or float counts.
** Years when float counts between upper and lower were separated by 10 days rather than
consecutive days and thus less reliable.
*** Year of supplemented weir count with float coumtl sonar count estimates.

watershed in Southeast Alaska and supports thedasgeelhead population. The

Bain et al. (2003) indicate that for its size, 8ituk River is the most productive

resulting steelhead fishery is considered uniquberregion because of its accessibility
and high productivity. It was further reportedttha systematic assessment of the

steelhead stock was ever conducted prior to 1989jra1991 and 1992, low abundance
of steelhead created public concern as to the acgwf Alaska Department of Fish and
Game (ADF&G) data. Credibility was not improvedemherrors were found in the data
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and various data sets produced conflicting resditee concerns resulted in ADF&G
making improvements to the Situk counting weir camed with better methods for
collecting abundance indices and reporting thelt®su

Both spring (ocean maturing) and fall (freshwaeturing) runs of steelhead
return to the Situk River with 16% of the total nogn of spawners thought to be fall run
(Johnson 1991). The fall-run enters from Augusbilyh December (Jones 1993; and
Johnson 1990) and overwinter primarily in Situk eak secondarily in the upper Situk
River (Johnson 1991). The spring-run begins indiiapeaks in late April and early
May, with stragglers continuing into mid- to latené (Glynn and Elliott 1993; and
Johnson 1991). The fall-run can begin to spaweaaly as February (Johnson 1991),
and spring-run fish can apparently spawn as lateiysas evidenced by a very few late
entry steelhead in late June and early July (ADRERBG3 and 2006). Only bout 1% of
kelt outmigration occurs through May 15 and 2/3uwsafter May 15 to June 1. Most of
the rest have gone out by mid June, although aefeigrants are counted as late as mid-
August when emigration is delayed by late snow pauk cold water temperatures
(Johnson and Jones 2000).

Situk steelhead were found to have 22 distinctdagses (Johnson 1996). They
live up to ten years, rear in fresh water for anévte years (most 3-4 years), and mostly
return as 3-ocean fish with a range of one to sery (McHugh et al. 1971, 1972; Jones
1983; Glynn and Elliott 1993; Johnson 1996). Réppawning has been found to occur
in 25% (Jones 1983) to 59% (Johnson 1996) of FRiwlker steelhead. Although first
time spawners are typically divided equally betwewles and females, 80% of repeat
spawners are females (Jones 1983; and Johnson 1B88)would indicate the overall
steelhead return is female dominated. The Sitsd s resident rainbow trout (per.
com. Bob Johnson, ADF&G, 2003), although it is kiwdwn if they are interactive with
the steelhead population, or whether the rainbowaito is skewed toward males as is
the case with some Kamchatka Peninsula rainbovilistee populations in Russia
(Savvaitova et al. 1996; 1997;and Pavlov et a0120

Developing an Effective Baseline and a Population dhitoring System

Between 1930 and 1955 the U.S. Fish and Wildldevi8e (USFWS) operated a
weir on the lower Situk River at RM 1.2 primarity tount returning sockeye salmon
(although steelhead and trout observations andtsauere made some years) [Bain et al.
2003]. In 1952, 25,000-30,000 outmigrating steathkelts were counted (Knapp 1952;
Johnson 1990; and Bain et al. 2003), by todayrslstals an astonishing number for any
river let alone one of the Situk's small size.

From 1956 to 1970 no weir was operated, but inl1& from 1976 to 1987 a
weir was operated by ADF&G at RM 13.1 (at Nine-Midgdge) to again primarily count
returning sockeye. However, steelhead were alsated as they passed both upstream
and down. The resulting steelhead counts weredoe,reason being that many
steelhead spawn in the 13 miles of river downstré@am et al. 2003).

In 1988 the weir was moved back downstream to RMthe original USFWS
location) with continued operation there that hreduded an objective to count
emigrating steelhead kelts (Bain et al. 2003),calth in 1988 and 1989 the weir was put
in too late to count most emigrants. In 1990 tleérwvas installed in early May and
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provided the first complete count of steelheadskgtiing out (Johnson 1991). However,
design of the weir in a way that was not breachefidods (Glynn and Elliott 1993), and
that did not significantly delay steelhead migrasipdid not occur until 1995 when a
floating/resistance weir was installed (Johnsondomes 2000).

Figure 54.
Situk River Steelhead History (1905-2005)
From Weir Counts, Float Counts, Other Counts, and hktoric Reference
Points (McMillan 2004; Bain et al. 2003; ADF&G 200%
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Although the comparative value of the weir coustsot continuous due to two
differing locations on the river, due to differieghphasis on target species, and due to
differing weir designs that altered effective fuontduring high flows, there are
supplemental data from "float counts" (detailsdwoling below) that support the general
trend provided by the weir counts (and other cousssdepicted in Figure 54 (data from
Bain et al. 2003; ADF&G 2003 & 2006; and 2003a).

Weir counts of steelhead kelts emigrating fromSitek from the 1970s to mid
1980s were under 400 to 1,800 as provided in T2bl@ata from Bain et al. 2003;
ADF&G 2003 and 2006; and 2003a). Although Baialef2003) do not provide counts
after 1996, a spreadsheet of the counts from 192803 (ADF&G 2003a) indicate the
10-year average for 1990-1999 was 6,058 steelheltsl(eliminating the 1993 count
when the weir went in too late due to high flowsfma low count of 2,526 in 1991 and a
high of 9,204 in 1999. In 2004 and 2005, respeativunts of 12,462 and 12,274
steelhead kelts were counted outmigrating at thek&iver weir (ADF&G 2003 and
2006; and 2006a) with a 6-year average since 208663 steelhead.

The 2004 and 2005 weir counts of over 12,000 eatiigy steelhead kelts
compare with intermittent counts by ADF&G from 19801980 that indicated minimum
escapements of 1,100-1,500 steelhead (Johnson W@&8Q)o data to suggest they were
higher.

Prior to installation of the floating/resistanasabd weir in 1995, counts of
steelhead obtained during float surveys were thegry metric of steelhead abundance
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in the Situk River (Bain et al. 2003). This wa®da the expense of weir operations and
the inability of the early weir to obtain completieelhead counts due to high flows.
Annually since 1974, a canoe, raft, or outboard-ged riverboat has been used to
provide "float counts" of steelhead made by twonare observers on board (Bain et al.
2003). Prior to 1985 these counts were only madke 13 miles downstream of Nine-
Mile Bridge, but thereafter it was expanded touadd the "Upper River" between the
bridge and Situk Lake. It was found that "pealafloounts” between May 8-18 provided
the best indices (Johnson and Jones 1999). 88 48d 1990, sonar experiments were
also conducted in the hope of counting both imnmgeand emigrant steelhead without
affecting run timing, but the method proved probdgia (Johnson 1991).

Because the fundamentals of float counts haveirmdainchanged, in the
absence of good weir information in the early yedrsperation by ADF&G, they
provide the best rough measure of abundance frolwhwtb determine the steelhead
return trend dating to 1977 (Bain et al. 2003).e Tlboat count data of the late 1970s
indicate steelhead numbers were frequently less 1{200, doubled in the 1980s
(sometimes over 2,000), and doubled yet againarlf90s (4,000 to 6,000). As
depicted in Figure 54 and listed in Table 25, tked of doubling steelhead counts on the
Situk each decade since the 1970s may still bentirtuation.

A Pivotal Point in Situk River Steelhead Management

A pivotal period in Situk River history was 199181992 when the public
expressed concerns about low steelhead numberns éBal. 2003). From the
perspective of ADF&G, it could have been discourdsdn unreasonable complaint at
the time. Only 56 of the 331 monitored steelhdeghms in Alaska have more than 500
steelhead and only 12 of those have more than 1Ja0@s 1994). The Situk weir count
in 1989 was 5,991 returning steelhead kelts aftessdimated sport harvest of 1,086
steelhead (Table 25). It was the highest couhtstoryif history was limited to that
point in time when modern Situk steelhead dataectithn began with resumed weir
counts in 1971 and float counts in 1974.

Figure 55 depicts the 1971-1992 Situk Riverlbesed history ADF&G could
have chosen from which to make future managemaemsidas, much as Washington
steelhead managers have limited history to thattpoitime when escapement data were
collected after the Boldt Decision, commonly begngraround 1978 and sometimes not
until 1986 (SASSI 1994; SaSSI 2003; and WDFW 20063tead the ADF&G Situk
steelhead managers made a reassessment of theitabavand methods of data collection
in 1991 and 1992 (Bain et al. 2003).

In his report of Situk River steelhead studies enad1989, Johnson (1990)
included the 1952 USFWS weir count. The recorthaf count was the probable
motivation for moving the weir from RM 13.1 (Whed®F&G renewed operation of a
counting weir in 1971) to RM 1.2 in 1988 (the sdomation as the early USFWS weir
abandoned in 1955). While no other specific reeead found of when or why the 1930-
1955 Situk weir data were accessed by ADF&G, howawnd whenever it occurred was
an apparent contributor to Situk River managemenisibns and the resulting 20-30 year
trend of a recovery line back toward steelhead [atjmm numbers documented in 1952.
Situk River managers went far enough back in tioneaipture the type of fishery baseline
Daniel Pauly (1995) recommended. It provided @stohic baseline from which
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decisions could be made to manage for fish pomulatcovery rather than a long
continuous line of depletion toward extinction.

Figure 55.

Situk River Steelhead History (1974-1992)
From Weir Counts, Float Counts, Sport Harvest, Spor Catch & Release
Commercial Harvest, & Subsistence Data
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There is one primary difference between ADF&G lstead management and
steelhead management in Washington State thap&ramt from Figures 54, 55, and 58.
There is no line representing an escapement gaalyapoint across the differing views
of Situk steelhead history depicted. Recent SRiver steelhnead management has not
been driven by harvest (the historic exception ladllcovered later) or the related
necessity of developing harvest formulas whoser#imal applications are thought to
provide stock sustainability while providing higharkiest rates.

The terms used in harvest driven fisheries arsettud agricultural derivation,
such as "stock", "stock-recruitment”, "maximum airstd yield (MSY)", "'maximum
sustained harvest (MSH)", and etc. that have bppheal to the wild and disorderly
environment of forests, rivers and oceans rathar the contained, plowed, irrigated, and
otherwise controlled environment of the farm yakthrvest driven management has been
a high risk experiment applied with virtual univarapplication throughout the
anadromous waters of Washington State until fighufadions inevitably collapse and
often require outside intervention to implementdiemeasures aimed at recovery. (In
Part IV, Nick Gayeski provides detailed explanasion stock-recruitment equations and
curves [such as those by Ricker or Beaverton-Hod$t commonly used to manage
harvest driven fisheries and their inherent dangeveild fish populations in the unruly
wild environment that sustains them in the forneleigantly, but delicately, balanced
natural ecosystems.)

Without the complications of a management drivepioviding high harvest,
ADF&G was freed of that constraint in the early @9%9vhen the public expressed
concerns over what was perceived as declining ntsrddesteelhead. As is apparent
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from Table 25, between 1977 and 1991 Situk Riveelbead harvest rates were most
likely in the 15%-35% range (excepting 1983 whennin size estimates were likely low
due to high flows), and the most substantial regpti@s been coincident with very low
harvest of 5% or less beginning with 1992.

The Historic Situk Weir Counts

Although Situk River steelhead managers appardémiyv of and used the
historic weir data to guide some of their decisj@gkh as moving the weir to the
original downstream location in 1988 with the pladrobjective to count emigrant
steelhead, ADF&G had doubts about the accuraceoéarlier USFWS reports. This
was patrticularly true of the 1952 steelhead coegarding the sheer magnitude of
numbers reported as compared to more recent c@@aits et al. 2003). During the data
review process for the 2003 paper by Bain etla a@uthor of the 1952 USFWS report
was contacted. During that interview, it was fipaterified that 25,000-30,000 steelhead
had indeed passed downstream through the weiri@.1%he Appendix from Bain et al.
(2003) provides a quote from the 1952 operatiothefweir as reported by Lawrence
Knapp (1952):

"A large migration of steelhead preceded the soelsgymon, approximately
25,000-30,000 in number leading one to believe tthigtmigration has been mistaken on
numerous occasions for an early run of sockeye®alny the natives."

"The weir had the effect of holding back large bens of steelhead on their way
back to the ocean after spawning. We had to stemithe weir at night with open gates
and a lantern shining into the water over the gdiefore the steelhead would attempt
going downstream. Very few would go through the gaadfirst but would allow the
current to drift them through tail first. Beforesvinit upon this scheme we had almost
reached the conclusion that they would either Havee seined and brailed over to the
other side or remove a shore-most section of the vie years before large sections of
the weir would wash away on frequent occasionsyatig the steelhead plenty of large
holes to migrate downstream through. We were upraétimes all through the night
allowing steelhead to escape downstream. Beingugsias to how many passed through
the gates during an evening, we made one coungr 000 were counted through
during one night. Very few Dolly Varden, as congobwith the season before, were seen
this season.

"The weir washed out at approximately 03:00 a.ept&mber 1...and large trees
afloat swept about 2/3 of the weir about a mile aatf downstream onto the tide flats
and into the ocean. Standing on the riverbankjrgaapon a mangled weir is sufficient
to cause a seed of inventiveness to germinateeitettst inventive brain. We plan to try
out a different type of weir construction for treming season.”

The 1951 and 1953 reports are equally illuminafkigapp 1952; and 1953):

[1951]"The weir had the effect of holding back numeraeglSead on their way
back out to sea after spawning. As high as 3,@88Ilsead have been estimated in front

Historic Steelhead Abundance 175



of the weir at one time. They are able to escagarge numbers, however, during high
water when it is practically impossible to keeptsets of the weir from washing out.”
"Hoards of Dolly Varden started their upstream natgpn in the middle of July
and continued until the end of the salmon seasbthey be classed as predators it would
appear that they greatly overbalance the numbesatrhon that spawn in this river."

[1953] "Steelhead trout were almost non-existbist $eason.”

Bain et al. (2003), while admitting that the 19%®int was accurate, are mystified
by the subsequent decline immediately thereaftet by the lack of similarly large
counts in previous years:

"A run of this magnitude (25,000) appears to beraalmus given that the run in
1953 was 'very small' especially in light of infation that indicates 25% to over 50% of
the steelhead run is composed of repeat spawidrs.weir was not installed until June
18 in 1951, when up to 3,000 steelhead were 'estina front of the weir at one time.’
Compared to recent run timing, approximately 9@%86 of the run typically would have
emigrated by 18 June. It is possible that emigratvas delayed in 1952 and that runs
were of similar size in 1951 and 1953, but emigtgigor to weir installation.”

"Interestingly, the years 1950, 1951, and 1954ewercord dry years in Yakutat,
when approximately one-half of the annual currergrage precipitation was recorded
(National Oceanic and Atmospheric Administrationada This severe reduction of
precipitation likely affected rearing steelhead\gual. A similar drought during the
summer of 1987 may have been at least partiallgaesible for the reduced numbers of
steelhead noted from 1990 through 1992."

The authors then conclude:

"Given that exploitation of Situk River steelheadow minimal because of
fishing restrictions, it will be interesting to rthe effect on run sizes.”

The authors at the time did not know that the megtyears, 2004 and 2005,
would provide the largest documented steelheadtsammthe Situk River since 1952,
12,462 and 12,274 steelhead respectively (ADF&GEB281 2006; and 2006a). The
2003 question has had an unexpectedly rapid ansivierast for the moment. The
coming 10-20 years will determine if it was jugeaporary aberration or whether a
pivotal management decision to allow steelhea@ach their own abundance ceiling
without a potentially self-limiting escapement goall lead to complete historic
population size recovery.

From Situk Abundance to Collapse, and a QuestionEradication Efforts and MSY
Harvest — Are They Different?

In May of 2003, the author of this report had apoity to experience the visual

impact of a return of nearly 8,000 wild steelhepdvening in the small drainage area of
the Situk River. It was an experience out of atitext from 25 years of having done
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steelhead spawning surveys. My previous steelBpa@ning observations had included
two of the presently most productive coastal wikkthead rivers in the Lower 48: the
Salmonberry River (sub-basin of the Nehalem Riwrefregon, and the Quileute River
basin in Washington. It was apparent from the melisities, and visual steelhead
densities in the Situk River, that no comparab¢elstead spawning density occurs
anywhere in Washington or Oregon coastal riverrizasket, the Situk steelhead
spawning density observed in May of 2003 was ofytd1/4 of that which occurred in
1952.

There was no doubting the authenticity of the ISRiver weir counts in 2003. It
was an actual count of 7,964 spawned out keltsrigate river (ADF&G 2003 and
2006). There was no vagueness of trying to detexow many steelhead redds to
attribute to each female, how many redds actuatydggs or not, or what the proportion
of males and females was from which to determieeatttual escapement. The visual
plethora of a river bottom cratered with continyallerlapping redds was corroborative
testament.

On returning in 2003, and further researching3hek River history of attempted
eradication of steelhead, the question occurreas steelhead harvest in Washington, as
managed for under the accepted concepts of sesicgpement goals using formulas
such as MSY, been anything other than a more siestguerseverance of steelhead and
Dolly Varden eradication efforts that were too dalycabandoned in the Situk River
because they did not succeed fast enough? Aremirkarvest and escapement goals,
exacerbated by hatchery steelhead in mixed stsblkfies and resulting juvenile and
adult interactions, succeeding in eradication eélstead in the long term in a way that
more focused short term eradication efforts faitedo?

Throughout the previous portions of this reparh size estimates have been
made under the assumption that harvest in Washingtiypically 30%-50% of the run
size as indicated by Myers (2006), and which comnbinthe run size and harvest data
examined in this report. However, in actualitye #teelhead harvest rate is 80%-95%
early in the winter season with the intent of hatiey hatchery fish (SASSI 1994; and
McHenry et al. 1996). As has been repeatedly fanride historic data (WDG 1948-
1978; 1956; 1957; Taylor 1979; and WDFW 1996), #zahe early winter time period
was the historic peak of wild steelhead runs in Nifaggon. What the 30%-50% overall
harvest rate of steelhead fails to identify is tnatst all of that harvest has been focused
on the historic peak return of wild steelhead whili@imized during the period when
wild steelhead entry was lowest later in the wirsted spring.

Of further concern, as shown in Table 25, it appéaat in the case of the Situk,
harvest rates of 15%-35% (discounting 1983) ofrtimesize may have created a
production ceiling that minimized the ability ofetlsteelhead population to increase
beyond a certain level, although it may have bediicgent to lift it above the steelhead
population lows that occurred from 1953 into thdye®980s.

The managed pattern in Washington of a sustaiféetS0% harvest (80%-95%
on the historic wild peak) is clearly too high tgect anything other than continued
steelhead depletion, no possibility for recoveryigioric numbers, and a long term trend
line leading to wild steelhead eradication for #hasers and areas with a sufficiently
early baseline for comparison (see Puget Soundique Figures 12, 13, and 14;
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Stillaguamish, previous Figures 19, 20, and 21;@uodets River steelhead, previous
Figure 27).

Although Situk steelhead harvest rates since tidel®80s have been low
compared to Washington's harvest driven managefoentlation, this may not have
been the case from the 1940s through the mid 1@n@sit certainly was not so in an
earlier era when steelhead, rainbow trout, andyDé#irden were targeted for
eradication. As reported by Bain it al. (2003):

"Although the steelhead run to the Situk Riveraw onsidered a highly valued
resource, government fishery biologists of the $%@d 1940s considered steelhead and
Dolly Varden simply as effective predators of sgeksalmor(the commercially more
valuable resource)During this period, steelhead and Dolly Vardesr&vtrapped and
destroyed and bounties were paid in some instaiocdsoth species.”

From the Appendices of Bain et al. (2003) comes)aerpt out of the 1934
USFWS report by W.W. Kinsey:

"May 7 started construction of series of trout tsdp connection with weir on
Situk River ..."

"These trout are migratory. Downstream run og@amnes began May 15. Fair
number taken with traps and seine. Due to extreigie water traps out of order and no
trout taken May 26 to June 4. June 4 run of larget finished, heavy run of smaller
ones followed closely, and continued until July IQly 10 moderate run of large ones
up stream. A few small ones (down run) and arfamber of large ones (up run) taken
until late July. August run too light to justifgrtinuing...traps dismantled Auguét.Q

"TROUT TAKEN

"May-5,415; June-104,735; July-31,372; Aug-1,0Z6tal 142,547 Unit cost
48/100 cents."

Beyond the fantastic numbers of trout killed (542, steelhead, rainbow, and
Dolly Varden), the USFWS report provides a recdrdraigration and immigration
timing. Peak kelt emigration was May™ 3he same as reported at the Situk weir today
for steelhead (Johnson and Jones 2000). Johnsadoaes (2000) also indicate that
while 2/3 of steelhead kelts emigrate in May, nadghe remainder go out from June 1 to
mid June. Although 5,415 fish (probably mostlyetitead kelts) were killed in May of
1934, high water forced abandonment of weir angpireg operation from May 26 to
June 4.

Operation of the weir itself in those days wasoregd to delay steelhead
outmigration. Large numbers would stack abovenbe refusing to move downstream
(Knapp 1952). Only with considerable effort ofngsia lantern at night was Knapp able
to get the steelhead to move downstream througtvéiirein 1952 (resulting in 6,000
steelhead in one night). In 1934, similarly dethielts would have gone out during the
nine days when the weir and traps could not operate instance, in 2003, of a total
7,964 kelts, 7,563 (95%) had emigrated by Juh@data from daily counts by ADF&G
2003 & 2006) which suggests a similar pattern reggbm 1934: "June 4 run of large
trout finished." Although kelt emigration timingrough the Situk weir is variable from
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year to year, considering the weir delays and wahhigh water, the majority of the kelt
emigration in 1934 likely occurred when the weimiveut.

The run of smaller downstream fish reported aftere £ was likely that of
smolts (104,735 killed) [Kinsey 1934]. The smaltmigration continued until July 10
and then a more moderate upstream run of largdo&ghn which continued through July
(31,372 mixed smolts and upstream bound adultsdiill The latter may have been Dolly
Varden, or perhaps the Situk once had a modesifrsummer steelhead that was
effectively eliminated. Most migrations of troutchchar had ended by Auguét @,025
killed) with the weir removed. There is no indicatof what the proportions of
steelhead, rainbow, and Dolly Varden were.

In 1934, fish were captured at the weir with tveinge nets and a wire-netted trap
as described in the report. A fyke net was avhalaot unused that year. The nets and
traps were incorporated into the operation of tle@ wExplosives were also described.
$1,500 was made available for the steelhead anky Walden elimination that year by
"Libby, McNeill & Libby." As described by JohnsdB003), these were funds from the
local cannery whose primary interest was commestekeye and coho harvest which
large numbers of steelhead trout and Dolly Varderewvthought to diminish by eating
salmon eggs and fry.

In 1935, 31,012 "Dolly Varden" were destroyed ($@g 1935), although it is not
clear if steelhead, rainbow, and Dolly Varden wdifeerentiated or lumped generically
as "Dolly Varden." Only the larger trout were tetggd because it was too hazardous to
try and kill the smaller outmigrating trout (likegymolts) without similarly killing the
salmon fry. This suggests that the previous ymany salmon fry had been killed during
the focus on killing the small trout migrating auth them. If so, the killing of the
steelhead and Dolly Varden the previous year haayiinflicted as much damage on the
sockeye salmon they were trying to protect.

In 1939, 30,254 "Dolly Varden" were destroyed ({Be939), but again it is not
clear if this included steelhead and rainbow. 94 the cannery quit funding the
bounty.

From at least 1934 to 1939, a targeted eliminatfosteelhead, rainbow, and
Dolly Varden occurred with "harvest" occurring &t sr seven life history levels:
anadromous adult immigrants; anadromous adult emigy anadromous juvenile
emigrants (smolts); fluvial adult migrations withtime river; fluvial juvenile migrations
within the river; and resident local populationdut and juvenile). The effort failed, but
not for want of an intensive short term effort.

After the attempt to eradicate steelhead, raintzowl, Dolly Varden yet another
steelhead harvest factor was introduced. In 18d2struction of an air base near
Yakutat resulted in 10,000 servicemen stationerktdaring World War Two (Johnson
2003). The USFWS report indicates (Mortensen 1945)

"Although many trout have been taken out of therrin the past few years, by
anglers of the armed forces from over the terrifahere is still an abundance of
rainbows and Dolly Varden."

"On a fifteen mile trip up the river by canoewias noticed that the river banks
and deeper holes were full of trout. The rainbevese from twenty inches to thirty
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inches in length, as many have been caught thsoseand measured. The largest was
35 and ¥z inches.

"Several times during the summer fresh salmon eggs dropped from the weir
and in a very short time the water would be alivénwmall fish, using a long handled
18" dip net and at each try would get fifty to dnadred small rainbow and Dolly
Varden trout.

"Many Humps spawned in front of the weir and dutv, clear water, a very
good observation of the damage done by trout cbaldeen. A very small percentage of
the salmon eggs reached the gravel to be covered.

"On three occasions while weir was in operatiowds noticed that the Dolly
Varden run was equal in numbers to that of sockeye.

"There has been no bounty on trout since 193%headncrease has become very
noticeable and seems that control measures aressacg"

Johnson (2003) indicated the World War Two aidiahd subsequent soldiers
stationed in Yakutat initiated the sport fishergriy and although the bounty was no
longer paid, apparently the weir operators welkkstling trout, steelhead, and Dolly
Varden through the 1940s as indicated by Morteis@46; 1947; and 1948):

"[1946 including typing errors]..Many large Dolly's were gilled in sockeye gear
by outside fishermen and in the Situk/Ahrnklintihle

"Using wire trout trap and baiting with salmon eggeveral hundred small
rainbow and Dolly Varden were taken in a few hours.

[1947 including typing errors]it'would be hard to estimate the number of trout
in the Situk Riverhut this year have gone all out to get as much imfaation as possible
[emphasis added for this reporijVe think that there is much damage being done to
Salmon spawn by Dolly's Rainbow, and Steelhead.

"In using a 4-4-4-ft. trap with funnel and baitimgth fresh salmon eggs, could
take several hundred small Dolly's and Rainbowniyithe day.Many of these were
eight inches longemphasis added for this report]

"The large rainbows and steelhead would gatherontfiof the weir about flood
tide and have been an estimated number of frone ttaréive hundred idling back and
forth. These trout were from twenty to thirty iashn length. A few were caught that
measured a little over thirty-five inches.

"During our closed period (July 11 to 27) the Na$ wanted to cook fish. Using
a six fathom net, placed from weir to shore, 32enartangled in less than one hour.
When cleaned, all contained salmon spawn and aveighing as much as seven
pounds...

"[1948] The Situk is one of the best sportsman strearAtaska. During the past
season there were many that flew in from AnchoeagkJuneau, also anglers from
Michigan and South Dakota. Of the many small tinght were checked by use of dip net,
it was found Dolly Varden in the majority."

1947 was a year the operators of the weir wdhola to get as much

information as possible", apparently through adted effort to kill as many samples as
possible ("harvest" in the name of science) to prihve theory that steelhead, rainbow,
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and Dolly Varden were a primary threat to salm®he description of the many eight-
inch fish would indicate smolts were continuoudiynenated, evidently to check for
salmon eggs in their stomachs. In the 1948 refiavis indicated that the majority of
smaller fish (smolts) were Dolly Varden. The pramm of steelhead among the larger
fish is unclear, although the catch by Native peaplJuly, with a maximum size of
seven pounds, suggests either Dolly Varden or ocamlor potentially earlier fall-run
steelhead (summer-run).

The descriptions indicate that two life historedsteelhead were targeted for
elimination at the weir in the name of science:igeating kelts and emigrating smolts.
Respawners presently make up 1/4 to 1/2 of th&k Kiver steelhead run size, so the
elimination of significant numbers of kelts wouldve considerable effect on the
subsequent adult returns, especially the followiear. The elimination of smolts would
especially affect adult returns 3-4 years latergn®ituk juvenile steelhead smolt at age
3-4). The growing sport fishing interest addedamather layer of harvest, that on
immigrant spawners, so virtually all age classasf|de histories except eggs and fry
were being impacted by forms of "harvest” during 1940s.

That steelhead were still able to respond withdhge return in 1952 is
remarkable after the previous 18 years of greattgsser efforts to eradicate them, or to
otherwise harvest them. Apparently already weatt@m@umbers, and perhaps depleted
in life history diversity, the reported alteratiansweather patterns resulting in droughts
in 1950, 1951, and 1954 eliminated what little rescy remained and the population
suddenly crashed in 1953 and did not begin to rexconmtil the 1980s.

Early habitat alterations are not mentioned beyasidg explosives to remove a
logjam about 12 miles upstream of the weir in 1@8i#hsey 1934); and developed road
access to the river did not occur until 1964 (Johria003). Effects from swings in ocean
productivity likely played a part (Bain et al. 2Q0But the undeniable factors working on
steelhead that were out of context with any previoigtory were varied forms of in-river
eradication attempts as but one of several forntepfest at multiple life history levels.

Managing for Ecosystems Rather than Harvest

In The Song of the Dod®avid Quammen (1996) described differing factbet
can lead to extinction. Although he was primadbnsidering the vulnerability of
species living on islands, it is increasingly readl that continents are also islands and
that island biogeography and its related concepige Ibroader application. All
populations fluctuate in size under the influenteam kinds of factors:

» stochastic factorsthose that operate in a realm beyond human grexiand
control (such as flood, drought, altering oceaments, forest fires set by
lightning, a disease epidemic or parasite infestiatvolcanic eruption, ice ages,
global warming, or etc.);

» deterministic factorgnvolving straight-forward cause-and-effect redas that to
some extent can be predicted and controlled (a@sfigrituman activities such as
harvest, destroying habitat, introductions thatease competition, hybridization
and/or predation, overzealous collecting of spenosn&aking of eggs from the
wild population, blocking migration routes, and.gtc
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These two factors have interacted with increagiteghal consequences for
species worldwide. This is a major theme of Quanisieook.

On the whole, as long as a population is relafilaige, stochastic factors result
in survivable population fluctuations (Quammen 199But with inherently small
populations, or populations once large and thaétmeen severely reduced, an event or
series of events of largely unpredictable origias bhave species threatening results.

Quammen (1997) examines the work of Mark L. Smgff878; 1981; 1987; and
1990) in his analysis of determining minimum viaptgulation sizes and how wildlife
uses landscape, specifically regarding the gribelgr Ursus arctoy. For Shaffer the
fundamental question was not so much what thecalisize of an ecosystem is, but what
the minimum critical population of each constituspécies is. Quammen explains the
case of Yellowstone grizzly bears as studied byffSha

"The greater Yellowstone ecosystem is a vast d@reaodland and meadow and
mountain slopes and river drainages encompassingusoYellowstone National Park
and Grand Teton National Park but also contiguoadipns of seven national forests,
several wildlife refuges, part of the Wind Rivedian Reservation, and some Bureau of
Land Management holdings, as well as bits of pe\atd state land, most of it still wild
enough to be hospitable to grizzly bears. Dedpiéepatchwork of ownership status,
these various pieces constitute a single ecologitadle. Because the ecosystem is
surrounded by developed terrain (including farnayahes, barbed wire, towns, suburbs,
highways, railroad tracks, irrigation canals, powlanes, airports, golf courses,
guardrails, trailer parks, malls, lumber mills, meuheaters, gas stations, gun shops,
pizza parlors, parking lots, picket fences, barkilugs, traffic lights, stop signs, and
concrete lawn ornaments), terrain than't so hospitable to them, the grizzlies of greater
Yellowstone are effectively insularized. Theydatdiscrete as a population, on a
discrete ecological fragment..."

In similar ways, this relates to the salmon aeelsiead driven ecosystems of
Alaska and the Olympic Peninsula. The Situk R&sently provides a "time capsule”
that represents Olympic Peninsula rivers at sonma pothe past, perhaps as late as the
1920s and 1930s. Olympic Peninsula coastal sabndrsteelhead ecosystems remain
conceivably recoverable to present Situk River donts, although an effective course
of action is more obscured by a greater compledfiipteractive stochastic and
deterministic factors that need to be unraveled.

Regarding Shaffer's work, Quammen (1997) idemtifr sources of uncertainty
to which a population may be subject: demograptachasticity (accidental variations
in birth rate, death rate, and the ratio of sexasyjronmental stochasticity (fluctuations
in weather trends, in food supply, and in the pafah levels of predators, competitors,
parasites, and disease organisms with which theespmust cope); natural catastrophes
(floods and fires, typhoons and hurricanes, eaghkegs and volcanic eruptions, and etc.
which aren't totally random in that they do havggatal causes but they are so complex
as to be virtually inscrutable, and the timing mpredictable, and therefore these events
loom as another sort of uncertainty); and gendtichesticity (genetic alterations,
particularly occurring when populations are smalban strip a population of the genetic
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variation that it needs to continue evolving; thsuiting population, stiffened with
uniformity, may remain seemingly stable so longagironmental circumstances remain
stable; but when circumstances are disrupted, apalption won't be capable of
evolutionary adjustment; if the disruption is drashe population may go extinct, such
as can occur with environmental stochasticity asttiral catastrophe).

In 1953 and 1954, the Situk River population ekfitead reacted to a
combination of deterministic (human induced) amatisastic (natural) factors.

Between 1925 and 1954 several stochastic facdrtolreduced Alaskan salmon
and/or steelhead productivity. As previously dssad regarding Puget Sound, PDO
cycles can determine expected salmon productixiiy fresulting ocean conditions that
occur (Beamish et al. 1997a; Beamish et al. 198M&ntua et al. 1997; and Hare et al.
1999). A PDO warm cycle, correlating with an endethAleutian Low (as shown in
Figure 15), resulted in higher levels of Alaskaeart productivity from the mid 1920s to
the mid 1940s; it was followed by a PDO cold cywlth reduced Alaskan ocean
productivity from the late 1940s to about 197@hé&n shifted back to a warm PDO cycle
and higher Alaskan productivity from 1977 to 198%fe et al. 1999). The cyclic shifts
occur every 20-30 years. Higher zooplankton biatasgoring feeding conditions for
migrant Alaska-origin smolts occurs during the pasi(warm) PDO cycles; it reverses
to West Coast productivity during the negative ¢®DO cycles (Hare et al. 1999).

A negative PDO shift could affect Situk River sftead productivity in two ways:

* reduce smolt survival on reaching a less produciosan;
» reduce salmon nutrients that return to the riveartvide freshwater rearing.

As depicted in Figure 56, the actual case of the&kRiver regarding salmon
catch does not exactly correlate with the posifNaO cycle of maximized ocean
productivity for Alaskan salmon (1925-1945). Thegest Situk salmon catches were
from about 1910 to 1924 with a lower level platéam 1925 to 1945 before dropping
off to the more anticipated sustained low fromrid 1940s through the mid 1980s (a 40
year low cycle). This may represent overharvesiodio and sockeye due to uncontrolled
commercial net fisheries beginning in 1902 untd time early fishery managers placed
gear and fishing time restrictions in the Situk dag by 1927 (Johnson 2003). That
early period of overharvest may have reduced Silion and steelhead resiliency that
reduced the ability to quickly respond to increaseedan productivity and prolonged the
low cycles.

However, the reduced catch from 1925-1945 (in fedi6) could also reflect
effective controls on salmon harvest (begun in }@&7compared to the previous 20
years of overharvest and too little escapement |diver catch could mean more salmon
actually returned to the Situk River spawning gidsiand provided more nutrients for
steelhead and Dolly Varden. This could have reduh the attempt to eradicate them in
the 1930s and 1940s when they both were apparextiigmely abundant. The cannery,
frustrated by the reduced catch resulting fromntioee controlled salmon fishery, may
have turned to blaming trout as the cause for tbstrprofits.

Remembering that most initial spawning in the ISRiver is by steelhead that are
6-7 years old (3-4 freshwater and 3-ocean), andthitiie contribution of respawners that
would be seven to eight years old or more, the snd®53 drop in steelhead numbers
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roughly correlates with the equally sudden dropalmon catch in 1947 (seven years
earlier) as a result of the PDO shift to lower Ak&s productivity. This suggests a
negative steelhead relationship that is driven nbgreeduced salmon numbers returning
to the Situk River than to an immediate respongedaced ocean productivity.

Figure 56.

Situk River Salmon Harvest History 1905-2005
(From Bain et al. 2003 [Data from per. com. S. McRérson and Commercia
Fisheries IFDB database]; about 62% of harvest wasockeye salmon.]}

700000

— |1952: Year of 25,000-

600000 30,000 steelhead

500000

1982: Year steelhead | ——

400000 begin to increase

300000

No. Salmon

0
o o
> o
o

Figure 57.

1968
1971
1974
1977
1980
1983
1986
1989
1992
1995
1998
2001
2004

Situk River Steelhead Run Size History 1905-2005
(Data from Bain et al. 2003; ADF&G 2003 & 2006; andADF&G 2006a)
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Steelhead runs sizes to the Situk River actuallyained high for seven years
after ocean productivity dropped off around 194hisTis depicted by the prominent
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spike of the 1952 steelhead run size in Figurelbia the earliest known reference point
from which to compare steelhead numbers with the@acatches in Figure 56.
Although it is an isolated reference point, it mapgresent several years of higher
steelhead productivity during the preceding 10-28ry.

If ocean productivity was most immediately respblesfor reduced steelhead
smolt survival, it would be anticipated that a #tead collapse would have begun in
1948 or 1949, not 1953. The most common oceamBgeuk River steelhead on their
initial spawning run is three years (or four foftkeafter one year of reconditioning). As
indicated by Bain et al. (2003), "it is probablattsteelhead abundance over the long
term is driven by the same factors driving produtidf other salmon species.” However,
the delayed timing of the steelhead response stgygesnitial controlling factor that
may differ from salmon (at least in the case ofSiitek).

Weather also apparently played a role in the dd<&ituk River steelhead rearing
productivity. Half of normal precipitation occudén 1950, 1951, and 1954, and a
similar drought occurred in 1987 (Bain et al. 200Bue to the long freshwater rearing of
most Alaskan steelhead (3-4 years), the progemy spawners dating from 1946 to 1954
would all have been affected by the long span efditoughts in the 1950s. It would also
have affected rearing steelhead from 1983 to 188drding the one year drought in
1987. This is the type of stochastic factor Quamid®97) warned of that can suddenly
occur and leave an already depleted populatiomeabtink of extinction, or tip it over the
edge.

Another stochastic factor occurred in 1958 denratisy the potential for natural
disasters to occur as recorded in the USFWS Sepidrt by George W. Hewitt (1958):

"An earthquake at 9:15 pm Julf{f @aused severe physical damage from Yakutat
Bay to Lituya Bay. In the Situk River there wemenerous waterspouts of subterranean
origin. There were some channel changes which rtreglentrance difficult to navigate."

Evidently little is known about how this may haaféected Situk River salmon
and steelhead, although Bain et al. (2003) prothédollowing:

"...the gradual uplifting of the Yakutat Foreland (@loellick and Long 1983) and
other geophysical events are responsible for soatarally ongoing habitat alterations.
Since little historical information on productior steelhead smolts from the Situk River
is available, effects of these changes in freshweateironments on steelhead stocks
cannot be evaluated.”

Whether the waterspouts described included geotileactivity was not
mentioned, nor whether the Situk's water volumeratt. It is known that in the
relatively near future Hubbard Glacier will agaisna Russell Fiord recreating the Situk
River into a large glacial outflow. Presumably ##eage classes found in Situk
steelhead (Johnson 1996) provide the necessargsiivid adapt to dramatic shifts in
hydrology as has previously occurred. A riveripawning population of sockeye
salmon in the OId Situk River is thought to be mmant life history that was more
prevalent when the Situk was last a glacial outwasdr in the 1800s, and chinook
salmon are rare in a river as small as the Situkaska and may remain as part of its
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glacial river history (Lorenz 1994). Steelheactlkretain similar traits as the sockeye
and chinook to draw from that are well adapted gtaaial origin system. That diversity
to draw from includes: a range of spawning tinmarfri=ebruary (Johnson 1991) into July
(entry data from ADF&G 2003 and 2006); ocean lifgtdries of 1-6 years and
freshwater life histories of 1-5 years (McHugh letl@71; 1972; Jones 1983; Glynn and
Elliott 1993; and Johnson 1996); respawner rateé6 (Jones 1983) to 59% (Johnson
1996); and females that spawn up to three timesraalds up to four times (Glynn and
Elliott 1993).

Bain et al. (2003) indicate that scale samplesueaken from Situk River
steelhead in 1970, 1971, 1982, 1994, 1995 and H®®ugh the 1995 and 1996
samples have not been aged. The 1996 samplinfrovadl,028 fish in a year when
8,510 kelts were passed through the weir. Scalet{dith) readings from Situk River
steelhead during a higher run size year would plei particularly useful tool from
which to measure changes that may occur in lifohes between years of low
abundance (such as the early 1970s) and highedahoe (such as 1996).

To date it has been the Russian steelhead liter&itith data collected from
rivers on the Kamchatka Peninsula) that has besirdented life history, phenotypic,
and morphological changes that occur as steelh@aalations fluctuate in numbers over
time (Savvaitova et al. 1973; 1996; 1997; and Ragtal. 2001). The Russian
ichthyologists appear to have the best grasp eflstad being a measure of ecosystems,
and the opposite as well (Augerot 2005). They lareclated the changes that occur in
the animal with altering harvest, environmentatj ahmatic patterns that shift over time
(Savvaitova et al. 1996; Pavlov et al. 2001; Mchhl2001; and Augerot 2005). When
heavy harvest occurred with a decline of steele@d<amchatka Peninsula river, it was
found that the entire interactive rainbow/steelhpagulation altered with life history
variations and morphological changes in an attdmptjust to provide an overall
population homeostasis (Savvaitova et al. 1997;Randov et al. 2001; McMillan 2001).

Presumably periods of population stresses that@ggeat as to result in physical
alterations in the fish and complete reversalsojpytation life history structure, have
effects throughout the ecosystem and result irogdenwvhen steelhead are particularly
vulnerable. Added to this, the Russians found @ladif the populations studied with an
historic baseline of data had significantly redugedebrae counts, even in those
populations where the anadromous life history wdsraner levels (Savvaitova et al.
1997; Pavlov et al. 2001; and McMillan 2001). Hsahought this may be related to the
pervasive factor of global warming affecting alltbé Siberian river basins. To date the
reduction in vertebrae has remained within the kmomits of the species, but there is
concern if the reductions continue that may natieecase (Pavlov et al. 2001).

Although the vocabulary used is not the sameRilngsians have effectively
documented the tensions between deterministic tetiastic factors described by
Quammen (1997). They have collected baselinefdatawhich a framework for
conservation planning can occur using concepts thanfield of biogeography. The
Russian steelhead work would fit in well with Quaemis description of Mark Shaffer's
(1978; 1981, 1987; and 1990) analysis of grizzlgrimata for determining minimum
viable population sizes as constituent speciesinvégh ecosystem

It will be vulnerability resulting from increasirigyers of deterministic factors
that will largely determine the future of 2tentury steelhead populations that have
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commonly been managed down to historic low numbedsreduced levels of diversity
from which one or more stochastic factors will be straw that breaks the camel's back.
In the case of the Situk River, these determinfsiitors have not been inconsequential,
but they were comparatively few. The knot to uetdas not been as complex as in
Washington.

Considering the relative strengths of Situk Rivabitat, the sustained depletion
of the steelhead population for 30 years after 189%® example of what "harvest"
pressures alone can do. In the case of the itukest pressure was escalated to
attempted eradication. lIronically, eradicationddidue to the stochastic factor of annual
high water events working against human plannifigese high water events provided
temporal windows for emigrating kelts to escap&an®were further thwarted after 1934
due to the realized complexity of the ecosystenvhich the targets of eradication,
steelhead and Dolly Varden smolts, were insepanabtgd with the several species of
more primary interest emigrating at the same tisaémon.

The purposeful culling out of undesirable adudetiiead and Dolly Varden as
salmon predators on the Situk River may have hatioi@ impact than conventional
steelhead fisheries in Washington which harvest-50% of the run size on an annual
basis (the killing of smolts, particularly in 1934as another matter, although it could be
argued that the sport harvest of smolts and prdtsnmo'trout” fisheries may have an
even more permanent long term effect). In fa@,Yakutat air base construction in
1942, and resulting sport fishing that occurredahtter, may have had a greater impact
on the steelhead population than the eradicatifmmtefThere was no record of the sport
catch at the time, but fishing pressure was highugh to draw the attention of USFWS
reports and it had a more sustained longevity thareradication effort. While the weir
was a stationary object whose use was limited bytemporal periods of effective
operation and the spatial inability to move upstrea down to take advantage of
steelhead abundance levels, sportsmen were ndadyngonstrained. Sport fishing also
occurred over a longer season and would have hadradult immigrants prior to
reaching the spawning grounds as opposed to thsygetentially less damaging effect
of killing adult emigrants after they had spawned.

From Figure 55 and Table 25, sport catch was lgi¢lae major component of
harvest until catch and release regulations weataffect in 1991. Sport harvest
primarily occurs during the spring fishery. Relaty few fall run steelhead are caught in
the sport fishery, and even fewer harvested (Baa. 2003). The shift to catch and
release regulations in the summer of 1991 resutteainimal sport harvest from 1992
onward. This has occurred despite a regulationgdallowing harvest of two steelhead
over 36" per year since 1994 combined with a bansanof bait. Apparently the
regulation change resulted in a continued catchraeledse fishery for all practical
purposes while minimizing the potential effectsyadrtality by eliminating bait. As
hoped by the managers, the steelhead populatiorespsnded positively.

Table 26 provides a timetable of varied deternimisctors related to steelhead
harvest on the Situk River, and historic referepoits regarding steelhead population
responses:

Table 26. Changes is Situk fisheries that may haadfected steelhead and reference points of
steelhead numbers
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Year Change that occurred, or event Source
1902 Uncontrolled coho/sockeye commercial net fisisebegin Johnson 2003
1927 Gear & fishing time regulations on net fisherbegin Johnson 2003
1934 Eradication effort of steelhead & Dolly Vardeggins with bounty paid Kinsey 1934
1934 142,547 combined steelhead, trout, Dolly Vard#ed of all sizes Kinsey 1934
including 5,415 probable steelhead kelts in 3 weekday
1940 End of steelhead & Dolly Varden bounty Berry 1940
1940-1974 Steelhead sport limit (trout over 20%)sB per day Bain et al. 2003
1942 Steelhead sport fishery begins with conswaadf WW Il air base and 10,000 servicemen Joh28ar3
1945 "...many trout (to 35.5") have been taken ouhefriver the past few years by anglers of the | Mortensen 1945
armed forces..."
1947 Weir operators find it hard to estimate adl ttout; use trap to take out several hundredsdi' fi | Mortensen 1947
per day including steelhead smolts; report 300466lhead idling in front of the weir up to 35
in length
1948 One of best sportsman streams in Alaskagenffbm Midwest Mortensen 1948
1950-1960 Decline in sport fishing effort with pmtiof minimum number of anglers Johnson 2003
1951 Weir holds back numerous steelhead on way bakup to 3,000 at a time Knapp 1951
1952 Difficulty getting steelhead past weir; co26t000-30,000; 6,000 one night; very few Dolly Knapp 1952
Varden compared to past seasons
1953 "Steelhead trout were almost non-existentsbéson." Knapp 1953
1954 "Very few mature steelhead were in the riy@im during this season." Knapp 1954
1960 First sport fishing guide begins operatiomgsill terrain vehicle access prior to roading Jam2003
1960-1980 Steelhead run size estimates of aro@@41,500 Johnson 1990
1964 Logging road built to Nine-Mile Bridge sitagproad guiding 300 anglers/season Johnson 2003
1968 Improved road built to lower Situk Landingesisteady increase in anglers follows Johnson 2003
1971 First modern weir count of steelhead was 160 Bain et al. 2003
1975-1979 Steelhead sport limit (trout over 208ueed to 2 fish per day Bain et al. 2003
1980 Steelhead sport limit (trout over 16") reduted fish per day Bain et al. 2003
1980s Situk fishing is nationally televised; proions at outdoor expositions in Lower 48; harvest | Johnson 2003
increases; up to 30 boats per day float the rivr anglers
1985-1990 Voluntary catch & release results in 9;491 Situk steelhead released annually John8eh 1
1989 Sport harvest peaks at 1,086 steelhead Bain et al. 2003
1991 Declining trend in weir & float counts; pubtioncern; catch & release of steelhead required n Biaal. 2003
1992 Steelhead sport harvest falls to near zero Bain et al. 2003
1994 Steelhead annual sport limit 2 of over 3@fnilation of use of bait Bain et al. 2003
1996 New high in modern weir counts of 8,510 steathkelts; catch & release of over 14,000 ADF&G 2003 & 2006
steelhead
1999 New high in modern weir counts of 9,204 steathkelts ADF&G 2003 & 2006
2003 Over 16,000 steelhead catch & release ADF&G 2003 & 2006
2004 New high in modern weir counts of 12,462 sieatl kelts ADF&G 2003 & 2006

Figure 58 provides the Situk River steelhead hystiamm 1952 to 2005 as
depicted by weir counts, early run size estimdteat counts, and sport catch (sport
harvest only from 1977 to 1989, and sport harvks gteelhead caught and released

from 1990 to 2003).

The trend, by all three measweir counts, float counts, and

sport catch), has been steadily upward ever sireearly to mid 1980s in what has been
decadal steps. But full recovery to the historeethead population size of 1952 remains
only about 50% accomplished.

The Russians found that illegal commercially-mated poaching activities with

nets resulted in steelhead harvests sufficierggalt in profound changes in

rainbow/steelhead populations as found througheadtenorphological characteristics and
shifts in life history strategies that occurred\(&itova et al. 1997; Pavlov et al. 2001,
McMillan 2001; Augerot 2005).
It is probable that something like this also ocedrto the Situk River steelhead
population (potentially interactive with resideatnbow and estuarine rainbow) from at
least 1934 through the 1980s. Reversing such pnofghanges in a population that has
adjusted to depletions at differing life historyimts for more than 50 years may take
considerable recovery time with shifts throughdat €cosystem.
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Figure 58.

Situk River Steelhead History (1952-2005)
From Wier Counts, Float Counts, Sport Catch, and Edy Run Size Estimates
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In Russia, the depletion of steelhead in some Keatka rivers may not have been
significant until the collapse of the USSR begathimlate 1980s with a subsequent
economic collapse in the early 1990s as the huropnlgation struggled to survive any
way possible — which included poaching of steelheBuke conservation efforts began in
the mid 1990s (Savvaitova et al. 1996), and thellstad populations there have
responded positively in a short time (per. comeFBaverel, March 2006, founder of the
Wild Salmon Center and leader of the Russian/Ameri€amchatka Steelhead
Expeditions beginning in 1994). Nevertheless, astrthrough illegal poaching remains
the biggest identified threat to Kamchatka stealh@zpulations (Augerot 2005).

Situk Salmon Nutrient Levels

Thedinga et al. (1993) have indicated that thek3River's unusually high
salmonid productivity is derived primarily from thiger's stable hydrologic regime, high
base flow, low gradient, and high levels of dissdlwutrients (essentially salmon
carcasses).

In 2003 the author of this paper made his firstlysis of Situk River steelhead
history comparing it with that of Washington's Sk&jver (McMillan 2004). Since that
time, the quality of data found regarding the SiRiker has improved, and while the
implications of the original paper remain corresciine of the specific details have turned
out to be inaccurate. This was particularly triiéhe available information for
computing the number of salmon carcasses distdhuntéhe Situk River watershed.

The Situk River drainage size originally used @2 came from an ADF&G
information source that indicated the basin ares 12 sq mi (ADF&G 2003 and 2006).
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The newer information indicates the basin are®® <) km (Bain et al. 2003) [or 77 sq
mi] with the evident probability that 200 sq km whs original information source in
which the multiplication factor of 0.6214 for comtiag kilometers to miles had been
used by ADF&G instead of the factor of 0.3861 foneerting square kilometers to
square miles. As a result, the salmon carcassesgpare mile in the Situk basin are
considerably higher than originally computed.

Table 27. Situk River salmon: harvest, escapemerdnd run size estimates

Species Harvest estimate Escapement estimate Rupesestimate Source
Sockeye 38,182-216,631 67,000-302,000 Erickson and McPherson 199F7

1976-2002 avg 49,396 | 1976-2002 avg 77,987 Clark et al. 2002
Coho 10,000-100,000 na na Erickson and McPhers8i 19
Chinook na na 1,000-18,000 Erickson and McPher887 1
Pink (odd yr) na na 30,000-500,000 Erickson and cBon 1997
Chum na na na na
All salmon historic to 600,000 na Bain et al. 2003

avg ~500,000 Johnson (per. com. 2003)

The Situk weir's primary purpose is to provide mswf sockeye and chinook
salmon for management purposes (Bain et al. 20@iBJahnson 2005). Pink salmon, the
most abundant species, are counted on the odd gkeeirn (ADF&G 2003 and 2006),
but the weir is not operated when the majorityafiaand chum enter, likely due to the
difficulties related to high flow events. Howevhlgrvest of Situk origin coho is known
to be 10,000 to 100,000 (Erickson and McPhersom198bout 62% of the Situk
salmon harvest from 1905 through 1996 has beeregediBain et al. 2003), which is
likely the species that provides the most profitgigort. It was indicated that coho are
the other primary species commercially targetednBaal. 2003). The escapement goal
for sockeye as managed since 1995 has been 3000000/ish which is reevaluated
every five years (Clark et al. 2002). In the moderir counts dating to 1976, the 1977
sockeye escapement of 216,631 was the largeshari®®7 escapement of 38,182 the
smallest with run sizes becoming smaller sincel@i#0s.

It is estimated that about 500,000 salmon retoitheé Situk River annually (per.
com. Bob Johnson of ADF&G in 2003). In the absesfoecorded escapements for
coho and chum salmon this seems a reasonable firgunehe numerical ranges of the
other salmon species provided in the literaturghasvn in Table 27 which is primarily
from modern weir count data beginning in 1976 (Kktral. 2002). However, Figure 56
indicates 400,000-600,000 salmon were harvesteudeleet 1910 and 1924. If the 1913
harvest of ~600,000 salmon represented 50% ofuthsize, the higher harvest range
suggested by Myers (2005), then 600,000 also edcapensidering that the commercial
catch focused on sockeye and coho, which would ledpink salmon (the most
numerous species) and chum salmon little touchageims reasonable to suppose that
prior to industrial scale harvests, salmon escapé&srte the Situk River may have been
well over one million fish, and were likely near,ai, one million salmon in the first
quarter of the 20 century.

With a drainage area of only 77 sqg. miles, andaye escapements of 500,000
salmon, the Situk River presently has the nutripntszided by about 6,500 salmon
carcasses per sg. mile. As late as 1924, witlseampement that may have been near
1,000,000 salmon, there would have been about @38non carcasses per sg. mile.
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For comparative purposes, Washington's SkagitrRiae a total drainage area of
3,093 sq. miles with about 1,200-1,400 sq. mileessible to salmon (McMillan 2004).

If present escapement goals for salmon were metSkiagit River would have returns of
524,400 salmon with the nutrients of 375-437 salcemcasses per sq. mile, less than 7%
of present Situk River carcass/nutrient levels, 2dds of the Situk's early Z&entury
carcass/nutrient levels. Very clearly, the SitukeRis a salmon driven ecosystem. The
Skagit River no longer is. It is not by acciddmttPuget Sound steelhead have been in a
long steady downward decline toward extinction.e Beosystem that once evolutionarily
sustained them no longer exists.

The coastal Olympic Peninsula river with theyést historic salmon run sizes is
the Quinault River as is indicated in Table 24.nRizes of 1,062,654-1,587,741 salmon
once returned to the Quinault basin as compareectnt estimates of 63,628 salmon.
The Quinault drainage area is 434 sq. miles, ajhan unquantified portion of the
upper East Fork is inaccessible to salmon (Phimhey. 1975). To adjust for the
inaccessible areas of the basin, the drainageuaeghby salmon for the computations has
been reduced to 400 sqg. miles. Also, the histaimber of pink salmon remains an
unknown. Although it is indicated that pink salm@are not historically abundant in the
Quinault (Smith and Caldwell 2001), throughout thisstoric searches it has been found
that such assessments are not necessarily the Basause pink salmon can be very
abundant in their alternating years of return,rthbsence from the salmon carcass
assessments for the Quinault may have resultedignéicant underestimate of salmon
numbers.

Using the Quinault River salmon data availabl&aifvest was 50% of the historic
run size, 531,327-793,871 salmon escaped to spathriy828-1,985 salmon carcasses
per sg. mile (using the high end of the 30% to F@Mvest range suggested by Myers
[2005]). If the low end of the harvest range isdi$§30%), there were 1,860-2,779
salmon carcasses per sqg. mile.

If the more recent Quinault salmon run sizes g688 salmon have been
harvested at the more modest 30% rate, 44,540 sadstaped to spawn with 111
carcasses per sqg. mile (4%-8% of historic Quinearitasses per sq. mile), or if they have
been harvested at the 50% rate, there have onty&®&ealmon carcasses per sg. mile
(3%-6% of historic Quinault carcasses per sqg. mile)

Although historically the Quinault was a remarkaptoductive salmon
ecosystem by most any other west coast standaitd,hastoric high it only had 10%-

21% of historic Situk carcass levels (with the @vbat no estimate was attempted
regarding what Quinault pink salmon numbers onceewa presently are, which may
have been significant). Even by Alaska standafdsionon productivity, the Situk River
is unusual. It is considered to be the most privdeievatershed for its size in Southeast
Alaska (Bain et al. 2003). The Situk River histafly was, and largely remains, in a
class of its own. Perhaps this is a remainindeattiof the Situk River having been a
much larger river 150 years ago. It remains d gaémon driven ecosystem that
warrants careful conservation efforts and the fafufsiture studies for the understanding
it can provide.

The Comparative Recoveries of Situk River Steelheaand Salmon: An Example of
Implementing Celtic Folk Wisdom

Historic Steelhead Abundance 191



Although there is no firm data of what Situk Risteelhead population numbers
were prior to the one weir count in 1952, the eramion effort that began in 1934 clearly
indicates that both steelhead and Dolly Varden werabundant that they appeared to
threaten a commercial salmon fishery that harvest&J000 salmon just 10 years earlier
and about 350,000 salmon that same year (FigufeoB6Bain et al. 2003). Steelhead
had such low value that those incidentally caughtewdiscarded or used for dog food
(Johnson 2003). The target fishery was sockeysmalvhich did not begin until June
and most incidental steelhead would have been sgravamd spawned out kelts whose
flesh quality would have been perceived as infes@mmpared to other cannery options.

Seldom considered in any of the Situk River litera found is what proportion of
the Situk steelhead population may once have retlimthe fall, or even the summer.
Today only a fall run is recognized, and it is thbuto be about 16% of the total
steelhead spawning population (Johnson 1991)ouiadvhave been the immigrant fall
run (and potentially summer run) steelhead thatlvbave taken the brunt of incidental
harvest in the "uncontrolled sockeye and coho coruialdisheries” described as
beginning in 1902 with a subsequent decline ineheos® species by 1923 (Johnson
2003). "Fair" and "moderate" upstream runs of atigny trout were described on July
10" and again later in July at the Situk weir (Kind®g4). This suggests steelhead with
summer run timing may have once occurred, althauighot always clear whether the
references are about steelhead or Dolly Varden.

As is evident from the examinations of the Olymipeninsula streams, summer
runs of steelhead are the first to reach lowesl$eof depletion. This likely has to do
with their often being the smallest component efskeelhead population combined with
a run timing that occurs at the same time as comialdisheries focused on salmon.

Without a pre-1952 record of Situk River steelheathbers, it can only be
surmised that fall run steelhead (and summer stadlif they existed) would have been
reduced by the same commercial harvest levelstitadteably depleted sockeye and
coho populations by 1923. The incidental catcBibik steelhead continues to occur in
the commercial net fishery in August and Septenobethe fall run, and fall run fish
along with spring run fish are again incidentalgryested as emigrant kelts in the spring
(Didier and Marshall 1991). Although the springigrants were the primary target of
eradication efforts from 1934 into the 1940s, this fall run that has been subjected to
the longest, steadiest pressure of harvest. Adthquesent levels of harvest do not
appear large or threatening from the data in Baal.€2003), that may not have always
been the case. The fall run is the smallest sythHption of Situk steelhead (now
known), therefore the most vulnerable, and poténtiae one most reduced since the
advent of industrial level harvest in the early'2@ntury.

The only records found regarding early numbersairhon have been the harvest
data as depicted in Figure 56 (from Bain et al.22®thich the authors acquired from the
Commercial Fisheries IFDB database and per. coth. 8«iMcPherson of ADF&G Sport
Fish in Douglas). Presumably the old weir coutiteexist for salmon, but the only weir
data found were those from 1976 onward. Whilestdenon harvest records are
important data, they do not depict the escapenfartiaarvest from which to determine
the actual run sizes. From the information by 30nn(2003), which indicates a decline
in sockeye and coho numbers beginning around 193r@sulting fishery management
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beginning in 1927, it cannot be well determinedatlining harvest was the measure of
that decline, or whether it was the lack of fistureing to the spawning grounds, or both.

Although no available record was found from whicltompare overall Situk
River salmon harvest to overall salmon escapenmetirigiback to the early historic era,
there is available information regarding Situk Rigeckeye salmon harvest combined
with the Situk weir counts to provide escapemembipers and the total run size from
1976 to 2002 (Clark et al. 2002). These data Ih@em compared to the total salmon
harvest of all species as provided in Figure 5%il®from 1987 to 2002 the run sizes
essentially reflected the pattern of harvest, fa®76 to 1986 the patterns between run
size and harvest were more divergent. One yeaf,1B& sockeye run size was
dramatically greater than harvest and was outlafoaitext with the general return
patterns. Overall the pattern of sockeye haniasesnodern harvest management began
(perhaps 1976 as suggested by escapement dataibgdimen) has apparently balanced
harvest and escapements to keep run sizes rejatioesistent.

However, the pattern of sockeye harvest and zes36 not consistent with the
overall pattern of the salmon harvest of all specigmbined (Figure 59). For instance,
as overall salmon harvest continued to increasa 887 to 1996 with steady upward
progression, sockeye harvest and escapement ts®tiroom 1987 along with the general
salmon trend, but after peaking in 1991 sockeyadeg from the rising salmon trend
with a long gradual decline. Because most of émeaining salmon catch has likely been
coho (Bain et al. 2003), the coho trend from 1992002 has apparently been very
strong, or perhaps increased harvest on one afthiez species has occurred.

Figure 59.

Situk River Salmon History 1976-2002
Comparing Total Salmon Harvest, Sockeye Harvest, &ockeye Run Size
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Strictly measured by harvest data, the salmon (2% of harvest being sockeye
and coho from Bain et al. 2003) never have fullyorered from the harvest pressure that
occurred from 1905 to 1924 (Figure 56), although thay not be the actual case if
significantly greater escapement has occurred sifcem Figure 59, there may have
been one modern year, 1977, when sockeye approagtedc numbers as provided by
the run size data rather than harvest. Unfortiyatee level of monitoring coho, chum,
and pink salmon has not been as thorough as feegeand the overall trend of the
Situk River salmon ecosystem remains obscure. Mleless, considering the limiting
variables of ocean productivity through PDO cycles apparent salmon catch levels,
other than sockeye, have steadily risen sincestiee1l980s (after a long low period
beginning in the latter 1940s), and are now reddyiequal to the harvest levels of the
period from 1925 to 1945, although still less thizat of 1905 to 1924.

How much of salmon depletion or salmon recoverglated to fishery
management is difficult to separate from the ef@ftPDO cycles. This is particularly
difficult to determine without a record of actuapulation sizes for each species rather
than only harvest. The one species which has d data record from 1976 to present,
sockeye, further confuses the picture. The redmergent downward trend of Situk
sockeye from the general salmon increase is difftouexplain from available
information.

A primary question is, would the Situk River stesdd population have also
responded positively over the past 20 to 30 yddrarvest levels had remained at 15%-
35% without implementation of catch and releaseleggpns as a control on the major
component of Situk steelhead harvest? Overall@alnarvests, and potentially run
sizes, have also increased in roughly the samed@efitime as steelhead run sizes (as
shown in Figures 56 and 57) and did not requireialrelimination of harvest to do so.

Because the available historic data for salmdimiged to harvest, and the
primary indicators for steelhead are float and weirnts, it presents the dilemma of
comparing apples to oranges.

Coming from a long line of craftsmen, tradesmemn guildsmen of Scot and
Irish ancestry, one is taught to build as well asgible with the materials available.
While there is comparable Situk run size data fithisalmon and steelhead from 1976 to
the present, it is the equivalent to the good snaén who is provided an insufficient
guantity of materials from which to build a houséhe provided materials may be of fine
quality, but they are only sufficient for partiahiming. Nearby are straw, stone, lime,
sand, and a hillside with clay: a hodgepodge ofens, but freely available. Up goes
the house, part stone, part stucco, part briclhy thié original few framing materials used
for doorjambs, windowsills, and roof rafters toppeth thatch. Human beings survive
because they learn to make do. She who ignoresigvhaailable is a damned fool. This
is the lesson from Celtic ancestry ...and every otluenan ancestry that has survived
long enough to procreate us.

Using the assumption, which may have certain fleaush as using straw for a
roof), that the salmon harvest trends and steelhgadize trends are of roughly equal
value, the differences between the highs and lows aifferent order of magnitude for
steelhead as compared to salmon as shown in Table 2
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Table 28. Comparisons of differing periods of avexge harvests of salmon and roughly comparable
periods of average run sizes of steelhead that haféstorically occurred on the Situk River, and the
percentage of the historic high each period of timeepresents

Period of time | Salmon harvest % historic | Period of time | Steelhead run size | % historic
average high average high
1906-1924 470,000 100% 1906-1924 na na
1925-1945 305,000 65% 1925-1952 27,500 100%
1946-1988 92,000 20% 1953-1981 1,250 4.5%
1989-1996 246,000 52% 1982-1993 3,376 14%
1997-2005 na na 1994-2003 7,334 29%
2004-2005 12,368 45%

The lowest known run sizes for steelhead were H®B1954 (Knapp [1953; and
1954] indicated almost none) and 1960 to 1981 whiak estimated by Johnson (1990)
to be run sizes of around 1,000-1,500 fish annudllging the median between the two, a
run size of 1,250 steelhead is only 4.5% of th&ohis high of 25,000-30,000 steelhead
counted in 1952 at the Situk weir if a median rize ®f 27,500 steelhead is used.
Although 1952 is the only year of early data faethead comparative uses, the general
pattern of the salmon catch would indicate thatferound 1906 to 1945 the average
steelhead run size would have been at least asakig852 (and likely even higher) if a
PDO cycle that favors Alaskan productivity was acioig through that earlier span of
time.

There is also the corroborative evidence of staalibeing so numerous they
were a perceived threat to what may have been sizerof one million salmon in 1934.
The motivation to initiate eradication of steelhéadctually stronger historic evidence of
extreme abundance than the thin line of one ydatason a graph. Profit adventures
such as canneries would only have supplied $1,80%¢y 1934) during the Great
Depression years unless there was substantialregdbat very large numbers of
steelhead could threaten the continued profit fsatmon.

As difficult as it is to presently conceive, tredmon pattern represented in Figure
56 suggests that in 1934 the steelhead populategnhave beedoublethat of 1952
(55,000 steelhead), and in 1913 may have beedruplethat of 1952 (110,000
steelhead). Such implications will not be furtparsued beyond the fact that we may
presently have very little understanding of howeltead, resident rainbow, and Dolly
Varden fit into the original salmon driven ecosysseof the North Pacific Rim prior to
industrial level resource extraction began.

The low period of Situk salmon catches was 194B9®@8 with an average catch
of 92,000 fish annually. That was 20% of the hpghiod between 1906 and 1924. The
prolonged steelhead low point was 4 times lowerc@mspared to the high) than was the
case for Situk River salmon.

If one risks the assumption that the steelheadsizes of 2004 and 2005 represent
the coming average trend, steelhead will have m@alto within 45% of their known
historic high. Salmon (limited to data that ended996) have recovered to within 52%
of their high historic catch (roughly comparabléjowever, while the 2004 to 2005
steelhead recovery represents a 10 fold increasetiogir historically low run sizes
(1,250 fish between 1953 and 1981), the presemtasalecovery represents less than a 3
fold increase over their historically low catch82,000 between 1946 and 1988). If the
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2004 and 2005 steelhead run sizes are ignoredtbet# are more years of record, the
1994-2003 period of steelhead recovery was 29%eohistoric high representing just
under a 6 fold increase over the historic low point either case, steelhead made a
significantly greater recovery (2-3 times greafesin their low point than did salmon.

Figure 60.
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Situk River Sockeye Run Sizes 1976-2002
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As previously indicated, there is one salmon sggefor which there are data
comparable to that of steelhead over a similaopesf time. Figures 60 and 61 provide
a comparison of "apples to apples" regarding soekey sizes and steelhead run sizes
from 1976 to 2005. From this it is apparent thaekhead are on a very different trend
line from sockeye in the time span examined. Aslbead have expressed sustained
increases in run size numbers, the sockeye rurhaggone into a modest reverse trend
of slight decline. From a fishery management gtaind, the decision to stimulate
steelhead recovery by nearly eliminating harvesdtlanimproved monitoring of run sizes
would appear to have been effective as indeperidantthe present ocean cycle if the
comparative sockeye trend is an effective measure.

Nevertheless, the combined salmon species hareest since 1989 remains
roughly similar to that of steelhead and questansut ocean conditions remain a factor
that obscures the ability to measure the effecteariagement decisions.

However, comparisons of the data included in T@Bléndicate that steelhead
have experienced a significantly greater levelkabrery as compared to their historic
low point than have salmon on the Situk River. $temlhead low point was 4 times
lower than the low point was for salmon as compaodtie highs for each. This suggests
that the focused effort to eradicate steelhead paoed with longer term sport harvest,
had a significantly greater impact than the effe¢tsommercial harvest had on salmon.
Also, by nearly eliminating sport harvest, steethescovered to a greater degree from
their low point than salmon did by using a con&dlharvest formula such as MSY.

From the comparisons of steelhead to salmon iteT2® combined with the
comparisons provided in Figures 60 and 61, it waypgear that shifts in PDO cycles that
may, or may not, have determined the magnitudetok Salmon recoveries do not fully
answer the level of historic depletion that occdmneth steelhead nor the level of
recovery that has occurred since. Other mecharasenapparently working in favor of a
continuing progressive steelhead recovery. Thave Ibeen two other known factors:

» altering harvest levels to well below those gengiddtermined by MSY in 1991;
* increased numbers of salmon and nutrients begiratogt 1989.

There may be other factors that have not beerategén the literature accessed,
but these two factors provide at least part ofntla¢erials for building a "house" from
what is available in the time honored way of Cedtevival (and other surviving human
ancestry) for a very long time.

Of equally significant consideration is the potainbuilding material that wasot
used on the Situk River during the "house" consimador salmon and steelhead
recovery:

e hatcheries.

This also makes sense from the time honored wayyoscotch ancestry in
particular:

» that which is expensive and fraught with risk igdred consideration.
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Scotch ancestry has much to do with being "Scadeltihg to a time of
conservative folk-economics that long resistedhiigé risk adventures inherent to
industrial level economics shoved on them by aucaltun amuck (from the Scotch
perspective) on the south half of the island theyred.
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