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ABSTRACT

We evaluated . exit saelection, emigration timing, epill-pasaage
survival, and fry-to-smolt survival at Glines Canyon Dam on the
Elwha River in 1988. We assessed exit aelecticon, emigration
timing, and fry-to-smolt survival with naturally reared steelhead
and coho amolte, and we evaluated spill-passage survival with
hatchery reared steelhead and coho smolts. Exit selection and
emigration timing were evaluated via hydroacoustic monitoring at
dam exits in combination with scoop and fyke trapping below the
dam. Spill-paasage and fry-to-smolt survival were eastimated via
scoop trap-based estimates of migrant paassage. Loas of the acoop
trap for nine daya in mid May adversasely affected timing and fry-
to-amolt results.

Hydrocacouatiec and trap data indicated that emigration of
ateelhead, coho, and yearling chinook (residusl emigrants f£rom
chinook fry planted in Lake Milla in 1987) had begun by early
April, peaked in mid to late May, and declined te negligible
levels by late June. Available scoop trap catches indicated that
emigration timing of the three species was algnificantly
different, however. Moat emigrants passed Glinea Canyon Dam via
the spillway. Over the total monitoring period from April 4 to
June 29, approximately 91% of emigrants used the apill exit.
During the peak passage period from May S5 to June 5, nearly 97%

of emigrants used the spill exit. Most spillway movement
occurred at night, although both day and night apillway passage
was saignificantly greater than turbine passage. Both day and

night emigration over the spillway were significantly correlated
with spill volume. Throughout the emigration period, turbine
flow waa essentially conmstant at 1,100 cfs (full generation’, and
spill flow was continucus and ranged from approximately 200 to
2,800 cf=s.

Testa at apillgate 5 ahowed little or no passage mortality when
spill exceeded spproxXimately 4350 cfs, but asubstantial mortality
in coho teata at approximately 110 and 220 cfsa. Based on review
of apillflow recorda, plus recovery and injury rates for epill
teat groupe in 1987 and 1988, we suapect that apill flowa leas
than approximately 450 cfa may cause poor pasaage conditiona in
the apill pool and/or apill-ponl exit.

Scoop trap data auggeated thet juvenile coho experienced
excellent fry-to-smolt aurvival, but steelhead experienced only
average fry-to-amolt survival compared to other measures af
naturel s=smolt production in the Puget Sound region. Firm
estimates of wild smolt production were not achievable, however,
because the trap was inoperable during the peak of the
emigration.

Results of this study did not clarify the fate of chinock

holdovers from fingerlings planted above Glines Canyon Dam in
1987. Available scoop trap data suggested that relatively few
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yearling chinook passed Glines Canyon Dam in 1988, comnpared to
the number believed to have residualized in Lake Milla based on
hydroacoustic pasaage estimatea in 1987.
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INTRODUCTION

Restoration of anadromous fish to the upper Elwha River requires
safe passage of juveniles through the Elwha dams. Both Elwha
dams (Fiqure 1) were constructed without provision for anadromous

fish passage, At Glines Canyon Dam, available information
suggeated that spilling could be a relatively safe and effective
means to pass steelhead and coho smolts., Both species appeared

to favor the spillway rather thamn turbine exit in esarlier
evalusations, and spillway mortality appeared to be minimal
(Schoeneman and Junge 19%4; Wunderlich and Dilley 1985, 1986).
However, only steelhead exit selection had been directly
evaluated at Glines Canyon Dam (Dilley and Wunderlich 19873, and
this involved only limited hatchery smolt releases from one brood
year. No evalustion of natural run timing had been conducted to
specify a passage window for naturally reared smolts. Moreover,
eatimated survival at the Glines aspillway was baszed only on coho
and chinook tests at unspecified spill and flow conditions
(Schoeneman and Junge 1954), except for one subyearling chinook
test conducted in 1987 by Wunderlich and Dilley (13588).

Informaetion on survival-to-smolt for naturelly reared Elwha
steelhead and coho is also needed for snadromous restoration. No
Elwha-specific information exists on this topic, and survival
data of this type are needed to estimate natural Elwha production
and adult returns.

To addreses these needs, we conducted & study of timing, exit
selection, and survival of steelhead and coho smolts at Glines
Canyon Dam in 1988. Specific atudy objectives were:

1 ldentify emigration timing of naturally reared Elwha
ateelhead and coho smolta.

2) Evaluate exit selection of naturally reared Elwhs
steelhead snd coho smolts at Glines Canyon Dan.

3 Determine mortality of steelhead and coho amolts
passing Glines Canyon Dam spillway.

4) Estimate survival-to-amolt of steelhead and coho
planted as fry in the upper Elwha watershed.




METHODS

Emigration Timing and Exit Selection

We evaluated emigration timing eand exit selection of naturelly
reared Elwha coho and steelhead by hydroacoustically monitoring
emolt passage &t the Glines Canyon Dam exits. Smolts originated
from fry planted in the upper Elwha watershed above Lake HNilis
{Table 1), Hydroscoustic monitoring occurred from April 4tih
until June 29th, 1988, which encompassed the total expected range
of emigration. Hydroacoustic equipment and analysis procedures
followed those used in 1987 Glines Dam studies (Wunderlich and
Dilley 1988).

We requested spill augmentation during the 1988 emigration period
at Gliinea Dam to enaure that emolt movement would not be affected
by lack cf a gpill exit. Previoue pasaage work (Schoeneman and
Junge 1954: Wunderlich and Dilley 1985, 1986; Dilley and
Wunderlich 1987) suggested that coho and steelhead smolts milled
in the reservoir forebay unless a surface exit was avallable.
Spill augmentstion followed the spill rule proposed by Janes
River Corporation (1988) (Table 2. Spilling occurred only at
spillgate 5 (Figure 2} to enable comparison to previcus passage
studies. Hourly hydroacocustic counts &t each exit during the day
and at night were statisticelly tested with ANOVA. Results from
1988 were compared to those for steelhead in 1986. We log-
transforred hourly counts to better approximste normality. We
also regressed dsily numbers of gpillwey fish on daily spiil
volume to examine the relationship between spill end snolt
novement.

We operated a scoop trap &t river mile 12.8 (Figure 1) and a fvke
trap in the Glinea Dam tsasilrace (Figure 2) to help verify
hydrocacoustic counts and assess species comrposition ot
downstream migrants. Trapping and data collection procedures
followed those used in 1987 st Glines Dam (Wunderlich and Dilley
1988), with the exceptions noted below. Scoop and fyke trapping
coincided with the hydroacoustic monitoring period imn 1988,
Relative nigration timing, &as indicated by available scoop
trap catchea of coho, ateelhead, and chinook, was compared. The
relative cumulative frequency distributions of each species’
catch were astatistically teated in 2-way K-S tests.

Spiil-Passage Survival

We tested spill-paasage survival at seven flows ranging fron
approximately 1/4-ft gate opening (7110 cfs) to 3 1/2-f{t gate
opening (~1,482 cfs), Coho smolt survival was tested at &gll
seven flows, but steelhead survival at only two (Table 3) because
test fish were lost when the scoop trap was washed out in mid
Hay. (The scoop trap was rendered inoperable from May 12th to



May 20th, inclusive, due to high-{flow damage caused by mechanical
malfunction of the gate control at spillway 5 of Glines Dam.)
These &spi1ll-test flowa were selected because they typified the
normal spring spill range at Glines Dan, and because they
included proposed mitigation spills for fish passage (James River
Corporation 1988). Spill-test fish were released into the spill
stream on the downstream side of the tainter gate in the samre
manner as the chinook spill-passage test in 1987 at Glines Dam
{Wunderlich and Dilley 1988). All epill teats were made at
epillway 5 for comparison to the 1987 chinook test.

Delay in spill-test fish movement to the scoop trap precluded use
of a paired-release technique (Wunderlich and Dilley 1985, 1588
to estimate spill-passage survival, so we used a regression-based
technique (Wunderlich and Dilley 1988). We measured scoop trap
efficiencies over a range of streamflows using control releases
of hatchery coho and steelhead smolts (Table 33, Control
fish were released near river mile 13 between the Glines Danm
tailrace and the scoop trap. Predictive relationships between
streamflow and trap efficiency were developed for coho (Figure 3
and steelhead (Figure 4). Scoop catchea of apill-test releasea
(Table 3) were then expanded by the inverse of predicted trap
efficiency at time of capture and aummed over the recovery period
to estimate survival. Thie method waas esmentially identical to
that used in 1987 studies at Glines Dam (Wunderlich and Dilley
1988), except that we were unable to establish all desired trap-
efficiency control points in 1988 due to the loss of the acoop
trap, as described above. Limits for trap efficiency (Figures 3
and 4) were conservatively set because cf lack of control points
at extreme flows.

Fry-to-Smolt Survival

We used the regression-based technigque described above to
eatimate abundance of naturally reared smolts resulting from {fry
planted upriver (Table 1). Scoop trap cetches of adipose-clipped
coho and steelhead were expanded by the inverse of predicted trap
efficiency at time of capture and summed over the recovery
period. Total expanded catches of naturally reared smolts were
further expanded to reflect missed fishing during the trap-loas
period described above, and to sccount for passage mortality at
Glines Danm.

We estimated potential trap catchea during the trap-iocaa period
by expanding corresponding hydroacoustic estimates of smolt
passage. Expansions were baaed on the average ecoustic-to-trap
passage ratico during & 9-day period immediately following trap
loas (Figure 35). This period waa chosen because migrant
abundance and streamflow were conaidered compasrable to the trap-
loas period. We aassumed apecies composition during these
pgriods (trap-loass and succeeding 9-day paasage periods) was the
zame, and apportioned potentiel trap catches by sepecies
accordingly.




We estimated overall passage survival of naturally reared smolts
with a spreadsheet model incorporating hourly hydroaccoustic
estimatea of smolt pasaage at each exit and associated exit
flowe. Hourly passage was adjusted to reflect survivals shown in
Table 4, based on flow at time of pasasage. For this model, we
assumed that exit selection and survival were the same for all
species. Hourly survival eatimates for each exit were then
summed over the entire atudy period and compared to pre-passage
eatinmates to approximate paasage survival for the season.

We eatimated yearling chinook emigration in 1988 with the
regression-based technique described above. (Yearling chinook
were residual emigrants from fingerlings planted in Lake Millg in
1987.) We aasumed that capture efficiency of vyearling chinook
waa similar to that of steelhead smclts because of their similar
size (Table 5), 80 the steelhead efficiency relationship in
Figure 4 was ueed to expand acoop catches of chinook. Further
expanaions for the trap-loss period and passage mortality
followed that used for coho and steelhead as deacribed above.



RESULTS AND DISCUSSION

Emiqration Timing and Exit Seiection

Hydroacoustic measurements showed that emigration had begun by
early April, peaked in mid May, and declined to negligible levels
by the end of June (Figure £). Scoop and fyke trap catch data
suggested that coho smolts dominated the 1988 emigration, with
steelhead and yearling chinook smolts present in {far fewer
numbers (Table 6). Steelhead and chinook were present in greater
numbers than coho very early in the season, however (Figure 7).
Two-way K-S teats indicated that relative cumulative catch
distributions of downatrean migration timing were significantly
different amcng all three species. Thus, even though these
results were based on relatively low numbers of steelhead and
chinook, care should be taken in applying this year’s emigretion
timing data, based mostly on coho, to the other species.
Available scoop trap catch data suggested that moverent of each
epecieas peaked by the middle or latter part of May (Figures 8, 9,
and 10).

The spillway (gate 5) was the preferred exit through virtuelly
the entire season, especially during the peak period of
aemigration (Table 7, Figure 6). Spillwey passage averaged
approximately 91X over the entire study, but accounted for nearly
97% of movement during peak passage between May 5th and June 5th
(Table &3. During this latter period, most migrants were
probably wild coho smolts, beased on sccop catches. in
comparison, approximately 98% of hatchery steelhead ssmolts chose
spillway S as an exit during May and early June of 1986 (Dilley
and Wunderlich 1987). Similar proportiona of wild steelhead,
coho, and chinook in scoop and fyke catches (Table 6) auggeated
similar exit selection for all species in 1988.

Most spillway passage occurred at night (Table 7)), with
approximately 76% of moveament over the season (10,149 emigrants?
occurring from 2100 to 0500 hours (Table 8). This pattern was
quite similar to that observed for hatchery steelhead in 1986 at
Glines Dam on both an hourly and seasonal basia ({(Figure 11 and
Table 7, respectively). The proportion of nighttime rovement
was greater during the peak of emigration than during either
early or late portions (Figure 12)}. Availeble sacoop trap catch
data showed a similarly high rate of nighttime movement for all
emigrants over the season (87%X), with the highest nocturnsal
movement at the central part of the emigration (Figure 13). The
number of smolts passing through the turbine was relatively
consetant (Figure 6) and there was no significant difference in
turbine passage between day and night (Table 7). The pattern of
greatest emigration over the spillway at night, the next greatest
over the spillway during the day, and the least through the
turbine both day and night mirrors the results for steelhead in
1986 (Table 7).



Fish passage and spill volume at spillway 5 are shown in Figure
14, Because turbine flow and reservoir elevation were
essentiaily constant throughout this study (turbine flow wvas
paximized at 1100 cfs, full generation), spill volume reflected

changes in streamrilow. Initial anelyses of covariance
demonatrated a significant day/night interaction eifect in the
relation of spill voclume to fish movement. Thus, we investigated
the relation betweer spill volume and fish movement independently
for day end night. Over the entire period in Figure 14, daytinme
numberse of fish were significantly correlsted (P < 0.01, r =
0.31) with spill volume. There was a better correlation (P <
0.01, r = (.563) between numbers of fish and spill volume at

night. Closer examination of the high-movement period (May 5th
to June Sth) reaulted in & subatantially improved correlation in
the day (P < 0Q.01, r2 = 0.,64) and & similar correlation at night
(P < 0.01, r2 = 0.65). MNean nightly spills ranged irom
approximately 200 to 2700 cfs from May 5th to June Sth.

Spill-Passage Survival

Table 9 shows eastimated survival of the spill-test groups
released in 1987 and 1988, Only two of the seven ¢cho apill-test
groups experienced low survival. Theae low-survival groups were
released at 1/4-ft and 1/2-ft gate openings, and survived at
estimated rates of only 34X and 64%, respectively. A chinook
fingerling group released at 1/2-ft gate opening in 1987 survived
at an estimated rate of only 42%. In contrast, both steelhead
test releases in 1988 exhibited high survival, even the group
released at 1/4-ft gate opening (Table 9).

Spill-passage survival appeared related to flow conditions in the
spill pocl ands/or spill-pool exit, rather than factore such as
apillgate opening or species-gpecific mortality. Review of
streamnilow records showed that the spill-test groups with low
survival (l1/4-ft and 1/2-ft coho and 1/2-ft chinook test groups)
experienced lower natural spills after their release than did
other groups, including the 1/4-ft steelhead test group (Table
9. Scoop trap recovery of the low-survivel coho groupsa &lso
lagged well behind other cocho spill-teat groups. Initial
recovery of the 1/4-ft test group required two days, and the 1/2-
ft test group one full dey, whereas initial recoveries of other
coho groups occurred within hours of release. The sole chinocok
test group in 1987 reguired one full day before initial recovery
as well, however no other chinook nmovement rates are available
for comparison.

Low-survival coho test groups also exhibited greater descaling
and greater proportione of injured or dead at recovery than did
other coho spill-test groups and controls (Table 10, and scale
loss of the chincok spill-test group was relatively high compared
te chinoock control releasesa in 1987 (Wunderlich and Dilley 1988).
Neither of the steelhead spill-test groups exhibited such
differences in overall sacale losa {(Table 11) or delay in initial




recovery.

Based on presently ava:lisble intormation, we consider the
survivals shown in Teble 4 appropriate for juvenile emigrents
pesaing spillgate 5. We cuspect that lower =spillflows {(i.e.,
beginning at less than approximately 450 cfs) at gate 5 created
poorer conditions for r:sh passage which, in turn, caused
mortality, injury, and delay for low-survivai coho and chinocok
groupe. Spill-pool vclume and/or sepill-pool exit flow may be
factors in this mortality. Higher ambient spillfilows during the
steelhead spill tests <(Table 9) possibly tfavored survival.
Species-related size differences are not expected to be a
significant factor in juvenile survival in the 200-ft =spill fall
et Glines Dam (Kilo Bell, pers. comm.).

Fry-to-Smolt Survival

Wwe show estimates of pre-passage smolt abundance and their
derivation in Table 12. The value of 49,854 pre-passage coho
smolte equates to an estimated fry-to-smolt survival of 32.9%,
which iz better survival than any reported by Smith et al. (1983
in a recent review of outplanting. 1t i=s alao considerably
better than recent Washington Department of Fisheries’ estimates
of fed fry survivesl-to-smolt at Gorst Creek (Kitsap Peninsula),
which have not exceeded 12% over the paast four brood years (Tim
Flint, Washington Department of Fisheriea, pers. comm.).

The value of 2,699 pre-passage steelhead smolts in Table 12
equates to an estimated fry-to-smolt survivael of 7.1X%, which is
substantially lower than one previous Elwha estimate of 31X
developed from 1985 hydroacoustic estimates (Wunderlich and
Dilley 1986), and also somewhat lower than the 7.9% mean emergent
fry-to-smolt survival (range! 3.4% to 1b.2%) measured for
steelhead over the past nine years at Snow Creek (Olympic
Peninsula) (Randy Cooper, Washington Department of Wildlife,
pers. comm.). A portion of this steelhead outplant experienced
stress during transport in 198& (Table 1), which may have
affected initial survival.

Fry-to-smolt estimates derived from Table 12 values suggested
excellent survival for coho, but only average survival for
steelhead. However, these estimates i1ncorporated major
assumptions, a&nd thus should be viewed with caution. Thesae
assumptions, in order of significance, were:

1) Potential scoocp catch eatimates aeccurately reflected
smolt passagqe during the periocd of trap losa. Values
in Table 12 suggest that nearly 47x%x of the emigration
(a total of 22,109 coho and ateelhead smolts) occurred
during the period of trap loss, and assumptions
regarding speciea composition and abundance during this
critical period have a major effect on fry-to-smolt
survival estimates. Trap-to-acoustic passage values




(Figure 5), which formed the basis tor abundance
estimates during the outage, showed reasonably high
correlation (rZ = 0.69), but suggested a RrRean
hydroascoustic detection rate of only 37% in 1388,
Additionally, species composition, which was assumed to
remain conatant throughout the pesk paasage periced,
may have varied. Mid May was likely the peak movement
period for both szpecies, and high =streamflows
undoubtedly encoursged emigration as indicated by a
continued high hydroacoustic detection rate at that
tine. If apecies composition varied during the trap
outaege, actusal saspecies abundance and {fry-to-smolt
survival rates may be markedly ditferent than the
values in Table 12 suggest.

2) Expanded scoop catch estimates (Table 1Z) accurately
reflected abundance of naturally reared smolts, The
scoop trap mey have been slightly selective for larger
ccho and asteelhead smolts, although growth could
account for at leasst some of the length differences
observed (Table 13). The smaller mean length of
naturally reared coho (Table 35) compared te hatchery
controls (Table 13) could have lead to a net
underestimate of wild coho sabundance. Steelheaa,
however, exhibited little difference in length between
hatchery controls (Table 13) and naturally reared
smolta (Table 5).

CH) Passaqe survival st Glines Dam_ over the seascn averaged
89.6X (Table 12). This wvalue incorporateas exit
survival estimates from Table 4. Because spilling was
relatively high throughout the 1988 emigration (Figiure
l14), only & amall net loas (4.8%) was attributed to
spill passage over the season in our spreadsaheet model,
despite subatantial use of this exit. Potential
turbine loas over the seasgon {(5.6%) was based in part
on fingerling-chinook survival tests conducted in 1987
(Wunderlich and Dilley 1988). Limrited fyke trap data
(Table 10) suggested that coho smolt mortality at this
exit was similar to fingerling chinook mortality as
reported by Wunderiich and Dilley (1988). Overall, the
passage-loss estimate appeared reaaonable for the 1988
emigration,

Relation to Previous Work

Recent passage studies at the Elwha dams (Wunderlich and Dilley
1988; Wunderlich et sl. 1988) incorporated the preliminsry exit
survival ratea shown in Table 4. Based on survival information
described herein, we bhelieve these survival values are still
appropriate at this time.

The degree of residusalism among fingeriing chinook planted in



Lake Milla in 1987 remains unclear. Hydroacoustic monitoring at
Glines Canyon Dam in 1987 suggeated that up to 1/2 of 40,323
fingerling chinook planted in Lake Milla for purposes of passage
evaluation may have residualized (Wunderlich and Dilley 1988).
Results from this year’s work suggested that approximately D554
yearling chinook emigrated during the study period (Table 12},
although this estimate should be viewed cautiously as the above
asaumptions concerning coho and steelhead estimates apply here as
well. Passage of 594 yearling chinook ‘equatea to an estimated
survival rate of only 2.9% (from fingerling to yearling chinoock
smolt), whereas the limited informstion svailable on this topic
suggests fry-to-smolt survival ratea of 12x to 20X may be more
appropriate for chinook (Smith et al. 1985)., Emigration may have
cccurred before initiation of the 1988 monitoring. However,
hydroacoustic sensors may not have detected the full degree of
passage in 1987, baased on comparisons between scoop trap and
hydroacoustic estimates of emigration at Glines Dam in 1987
{(Wunderlich and Dilley 1988) and 1988 (Figure 5). Recent sacale
analysis by Washington Department of Fisheries auggestes that mosat
wild Elwha chinook are subyearling emigranta (Sneva 1988).



SUMHARY

We evaluated exit aselection, emigration timing, sp:li-passage
survival and fry-to-amolt survival at Glines Canyon Dam on the
Elwha River in 1988. Thie work was initiated as part ot an
overall effort to restore anadromy in the upper Elwhe watershed.
Naturelly reared coho and ateelhead smolte were used for exit
selection, timing, and {fry-to-smolt survival evalustions. These
amolts originated from fry planted in the upper Elwha watershed.
Yearling chinook were alsc present from fingerlings planted in
Lake Mills in 1987. Hatchery coho and steelhead smolts (Elwha
Tribal stock) were used for spill-passage survival eveluations.
Exit aselection &nd timing were evaluated via hydroacoustic
monitoring at deam exits in combination with scoop and fyke
trapping below the dam. Spill-paasage and fry-to-smolt survivals
were estimated vie acoop trap-based eatimatea of migrant paasage.
Losa of the acoocp trap for a 9-day period in mid May adversely
affected timing and fry-te-z2molt results. Trap loma occurred
from malfunction of & spillgate contrel st Glinea Canyon Danm.

Hydroacoustic and trap data indicated that coho, steelhead, &and
chincok emigretion had begun by early April, peaked in mid to
late May, and declined to negligible levels by late June of 1988.
Available acoop trap data indicated that emigration t:iming was
significantly different for coho, =asteelhead, and chinook during
the study period, however.

The spillway {(gate 35) of Glines Dam was the principal route of
passage over the emigration period. Spill filow was continuous
and ranged from approximately 200 to 2,800 cfs, while turbine
flow was essentially constant at 1,100 cfs. Over the total study
period (April 4 to June 29), approximately 91% of emigrants used
the =spill exit. However, during the peak movement period fron
May 5 to June 5, nearly 97% of emigrante used the sespill exit.
Most spillway movement occurred at night but both day and night
spillvay movement was =significantly greater than turbine
movement. No significant difference existed between day and
night movement through the turbine. Both day and night spillway
rovement were significantly correlated with spill volunme,

Passage teats &t spillgate 5 ahowed little or no mortality when
spill flowa exceeded approximately 450 cfs, but substantial
mortality in coho tests at both 110 and 220 cfs. A& fingerling-
chinook test in 1987 also indicated substantial passage loss at
approximately 220-cfa spillifiow. Based on review otf spillflow
records, recovery rates, and injuries for all tests, we suspect
that spill flows less than approximately 450 cfs may cause poor
passage conditions in the spill pool and/or spill-pool exit.

Available scoop trap data indicated that the 1988 emigration
was dominated by coho smolts, which apparently experienced
excellent survival during their freshwater residence in the upper
Elwha watershed. Steelhead were present in far fewer numbers,
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and may have experienced only average survival compared to other
meapures of netural smolt production in the Puget Sound region,
Because the trap was inoperable during the peak of the
emigration, firm estimates of wild smolt sbundance were not
achievable, however.

Scoop trap estimates suggested that relatively few yearling
chinook emigrated during the 1988 study pericd. Thus, the degree
of residualism of fingerlinge planted in Lake Mills in 1987
remains unclear.
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Table §. GSteelhead and coho fry (Elwha stock

planted in the upper Elwna watersned.
All releases were adipose-fin clipped and coded-wire tagoec.

fielease Reiease size
Epecies number  No./lb  Mean forklenpth (mm) Release date Release location
Steslhead 17,758 3ea - 7/22/86 Camp Wilder {rm 35.95)
Steelhead 15,696 300 - Tie2i86 Tipperary Camp (rm .88
Steelhead 4,736 302 - /22786 Humes Ranch (rm 19.3)
Total: 34,182
Coho 48, 962 168 61 7114787 Camp Wilder {rm 35.4}
Laio 51,286 160 b1 7114787 Tipperary Camp {rm 30.8)
Coho 51,332 168 61 771487 Humes Ranch trm 19.3)
Total: 131,608

® Bn estimated 15% of this group appearet siressed upon arrival at the release site oue
to transport, but no mortality or stress was noted imsediately after release.
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Table 2. Spill rule for the 1988 ermigration at Glines Canyon Dam,

Dates Spill volume and timing

April 4 - 30 Spill at least 100 cfs every other night
(1900 ~ 0700 hra).

Hay 1 - June 30 Spill at least 100 cfa continuously.

July 1 and later Spill at least 100 cfs for 24 hrs every

other day until emigration is negligible.
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Tabie 2. Hatchery coho aro steelhead releases at ©iines Canyon Dam in {966,
#i. releases were tiwna stock fror tne Eiwna Tribal Hatchery.

neiease fieleasa Humber Mark marks

Eroup iocation gate released legibility $)?  reieased
Coho
Conirol i itm 3.2 Rpr 7 1,909 180.8 1,976
Lontrol 2 fm 12.0 fipr 21 1,977 949.4 1,965
Control 3 fm 13.8 Apr 25 2,022 99, & 2,01
Lontrol 4 Fm 13.8 Jun 8 1,358 89.4 1,790
Coviroel 3 Ae 13.0 Jun 15 2. B4b Linmaried c, 846
1/4-Tt Spill test Spillpate 5 Aor 23 1,93 95. 4 1,540
172-ft 5pill test Spiligate 5 for 26 1,999 4. 4 i, 887
i-ft Spill test Spiligate 5 May 26 1,918 98.1 1,882
1 §/z-ft Spill test Spillgate 5 Jun i 1,931 B1.5 1,581
&-ft Spill test Spiligate 5 fpr 28 1,95 108,08 1,9%
& 1/g-ft Spill test GSpiligate S Apr 7 Z, 83 tnmarked 2,823
3 l/e-ft Bpill test Spillpate S Jun 9 1,931 98.8 1,984
Steelhead

Control 1 fm 13.0 May 11 1,217 tod. 4 1,217
fontrol 2 i 13,0 Jun 13 1,855 95.6 1,773
Control 3 fim 13.0 Jun 14 1,938 91.¢ 1,778
1/4-f¢ Spill test Spillgate 3 Jur 9 1,845 91.9 1,6%
1~ft Spill fest Spilloate 5 May 26 1,777 97.5 1,733

2 EFach group was uniguely freeze—branded, except as noted.
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Table 4. Provisional survivael rate estimates for all juvenile
migrants passing turbine and spill exits of Glines
Canyon Dam. Valuea shown are bamed on results
described in this report and resulta obtained from
1987 exit studiea at this dam (Wunderlich and Dilley

1988).

Exit Exit flow Eatimated survival
Spillgate 5 <250 cfs 0.35
Spillgate S 230-450 cfs 0.50
Spillgate 5 >4350 cfs 1.00
Turbine 1,100 cfe 0.32
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Table 5. Mean length of naturally reared coho, steelhead,
and chinook amolts recovered in the scoop trap in
1888.

KHean recovery

Species fork length (mm} s.d, (n)
Coho 120.2 9.5 1451
Steelhead 197.0 20.2 151
Chinook® 190.2 21.3 35
a

Yearling chinook smolts originating from 1987 fingerling
releases in Lake Mills.

32




|

Table 6. Total scoop and fyke trap catchea (and percent of catch) of
naturally reared coho, ateelhead, and chinook emolitas in 1988.

Scoop trap catch Fyke trap catch
Species Actual Expundada Actual
Coho 1,883 (90.4) 23,562 (93.1L) 26 (92.9%)
Steelhead 162 (7.8) 1,416 {5.6) 2 (7.1)
Chinook® 37 (1.8 325 (1.3 0 (0.0)

————— s i ——————— - — —

Not expeanded for the period of trap loss in mid May.

Yearling smolts originating from fingerling releases in Lake Mills

during May and June of 1987.
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Table 7.

Mean numbers of amolts passing through the turbine and
spillway exits in both day and night in 1986 and 1988.
Probabilitiea of a greater t for the hypothegia that
means were equal were calculated on log-transformed
hourly values.

Mean number

Probability

of a

greater t

Spiliway
Spillway
Turbine

Turbine

Spillway
Spillway
Turbine

Turbine

Day
Night
Day

Night

per hour Code
1988-Coho®
2.47 1
13.08 2
0.56 3
0.72 4

0.0001

0.0001

6.0001

1986-Steelhead?

1

2

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.4169

0.8477

® Steelhead and yearling chinook smolts were also present in

relatively low numbers.

Hatchery steelhead smolts (Dilley and Wunderlich 1987}.
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Hydroacoustic detections of migrant passage through
spill and turbine exits of Glinea Canyon Dam in 1988.

Estinated migrants (X)

Table 8.
Exit
Spillwayc
Day 3,200
. d
Night 10,149
Total: 13,349
Turbine
Day 733
. d
Night 557
Total: 1,290
Grand Total 14,635
& pverall monitoring period.
b Higher passage period.
3 Jpillgate number 5.

(91.2)

(8.8)

35

1,707
7,996

9,703 (96.6)

206
132

338 (3.4)

The night period was defined ae 2100 to 0300 hrs.



Table 9. Estimated survival of spillway test oroups at assoriated spill flows., RID fests
occurred at spillpate 5.

Estimated Spillpate opening Spill flow Spill fiom
Species suryival (%) at reiease (ft) at release (cfs) after release icfs)?
Coho 34 1/4 114 266
Coho B4 1/2 b 397
Eaho 108° 1 441 767
Coho 100° 1 e 862 864
Coho !Mb 2 aaz B14
Coho 33 2 12 1.9 1,873
Coho 100® 3172 1,482 1, 444
Steelhead 97 if4 ite 6594
Steelhead 9% 1 ] aia
Chinook® 4z 1/ ) 497

? Mean spill flow for 6-hr period after each test release. These values typified
flows for up to 18 hours after each reiease.
fip detectable mortality.

€ This test occurred in 1987 using fingerling-size chinook (Wwunderlich and Dilley i%88),
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Tabie 10, Injuries observed among scoop and fyke trap recoveries of cohp smolts in 1988. Injuries are expressed as
a percentage of each group recovered at the scoop trap. Those fish recovered with more than one injury
type are represented in all applicable categories.

Injuries by category (%)

Study Percent of  Number
group recoveries of
Light Moderate Heavy Eye  Other external injured or  swolts
gescaling® descaling’  gescal ing" uamc-xgszB in) uriest Boribund fead exanined
Scoop
Naturally reared 19 5 1 0 2 0 29 1,606
174-ft Spill test 31 28 g 2 1 L 67 B3
i/2-ft Spill fest 35 13 1 ] 4 @ il 148
1-ft Spill test 24 4 0 0 3 ) 29 e
1 1/2-ft Bpill test & 8 o 2 3 8 3 218
&-ft Spill test 17 3 1 ) 2 ] 293
2 1r2-ft Spill test 26 § 1 8 3 1 elé
3 1/2-ft Gpill test 18 e e e 8 @ 1@ 184
Contrgl 1 8 2 1 ] 3 ] 10 124
Control 2 17 3 3 2 g 8 3t 169
Control 3 2l 13 9 [ ] 1 42 125
Control 4 5 2 ) 0 J ) 119
Comtrol 5 1 @ ) ] 0 2 16 44
Fyke
Naturally reared’ 3 3 73 ) 7 7 gp9 £

Bulging or lost eye.

wm - N oW

Less than 1@% scale loss on the body surface
Between 18 and 3@% scale loss on the body surface.
breater than 56% scale loss on the body surface.

37

Torn fin, operculum, or other external injury witn or without bleedima.
These smolts originated from fingerlings plarted irto the upper watersned in 1987.
Sixty-five percent of these smolts were dead at recovery.



Table i1, Injuries observed among scoop trap recoveries of steelhead smolts in 1988, Injuries are expressed
as a percentage of each group recovered at the scoop trap. Those fish recovered with more tnan
one injury type are represented in all applicable categories.

Injuries by category (%}

Study Percent of Number
group recoveries of

Light Moderate Heavy Eye  Gther external injured or smolts

chs.'s.f:aliﬂgil descalingb c:ttest:edim_qc damage il'u‘}m'ie*s'E For1bund dead exagined
Naturally rearedf 2k 9 1 ] g 1 38 ieg
1/4~ft Spill test 19 5 e @ 1 ¢ 25 148
1-ft Spill test a2 8 3 e g 1 119
Control 1 i 4 1 8 ) 1 18 135
Contral 2 i3 21 3 2 @ ) 36 131
Control 3 11 7 1 Q 0 1 21 104

& |ess than 18% scale loss on the body surface.
D Batween 1@ and 0% scale loss on the body surface.
€ Greater than 5% scale loss on the body surface,
Bulging or lost eve.
® Torn fin, operculum, or other external injury with or without bleeding.
These smolts originated from fingerling planis in the upper watershed in 1386,
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Estimated pre-pasesage smolt abundance.

Estimated
passage
survival

Pre-passage
smolt
abundance®

Table 12.

Expanded Potential
Species scoop catch sCoO0p cateh?®
Coho 23,562 21,107
Steelhead 1,416 1,002
Chinook 325 207
a

Potential catches during the period of trap loss.

These values

were derived from the hydroacoustic-to-trap ratio in a like

time period following loss of the trap.
remain constant during and after trap loss (see

was assumed to
text?.

Species composition

Derived from a spreadsheet model incorporating estimated passage

and survival ratees at each exit over the season (see text).

passage survival.

39

Expanded plus potential scoop catch divided by estimated




Table 13. Release and recovery lengths of hatchery coho and
ateelhesad control groups. Recovery occurred at the
acoop trap.

Mean releaase Mean recovery Difference
Group fork length {(mm) fork length (mm) (mm)
Coho
Control 1 133.0 134.5 +1.5
Control 2 135.2 139.6 +4,4%
Control 3 136.9 140.3 +3.4%
Control 4 147.2 147.5 +0,3
Control 5 151.1 155.0 +3.99
Steelhead

Control 1 179.3 183.6 +4,3%
Control 2 192.2 196.6 +4.4%
Control 3 153.8 196.9 +3.1

8 Statistically significant at 0.05 level.
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