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1.0 INTRODUCTION

The Washington Department of Fisheries assumed responsibility for
the Smoll Moniloring Program at McNary Dam in 1990. This work was
continued in 1991 and this report summarizes the 1991 McNary
smolt monitoring scason.

The first 1991 fingerling sample was processed at 0700 hours on
March 26. The 1991 smolt monitoring season was unique in that
the monitoring period was extended concurrent with a WDF fallback
research project which was conducted at the McNary juvenile fish
facility. This project required that thc submersible traveling
screens remain installed after November 1 when they would
normally be removed for maintenance and that the McNary bypass
and colleclicn system remain operational through 0700 hours on
December 16. The final 24 hour sample for the 1991 smolt
monitoring season was processed at 0700 hours on December 16 and
a final separator clean-out followed immediately thereaftler.

Overall, a total of 560,559 juvenile salmonids were anesthetized
snd individually counted and examined for brands and scale loss
by the McNary Smolt Monitoring crew in 1991.

2.0 MODIFICATIONS
2.1 Over-anesthetization of Sample Fish

Proper anesthetization of juvenile salmonids is a difficult task.
The anesthetic concentration and the length of time that juvenile
fish are left in anesthetic must be adjusted throughout the
sampling season in response to changes in specics composition,
smolt condition, and watler temperature. A finc line oftcen divides
the under- and over-anesthetization of fish and there are
problems which result from eilher condition. Fish that are
undur-anesthetized are difficult to handle and this reduces the
ability of fish handlers Llo detect freeze brands which is a
primary function of the program. Fish Lhat are difficult to
handle are also difficult to properly mark. Over-ancsthetized
fish simply die.

In 1990 concern was expressed that sample fish had been over-
anesthetized on several occasious during the spring by
inexperienced SMP personnel operating the pre-anesthetic system.
To evaluate this, 1990 raceway 1 tailscrcen mortality counts were
entered on a Lotus 123 spreadsheet and summarized to provide an
index of the post-handling mortality rate (Wagner, 1990). As this
had not been summarized in past years, data from the 1987 through
1989 seasons was similarly treated and a raceway 1 mortality
index database was created. This database was continued in 1991
(Table 1). The 1991 raceway 1 mortality index was slightly
higher than that recorded in 1990 and similar to the index rates
calculated for 1989 and 1988.




A bypass control tank mortality database was also begun in 1391,
Unlike the raceway 1 mortality index, the control tank mortality

counts are not bascd upon tailscreen recoveries only but are, at
least in theory, complete post handling mortality counts of
sample fish which are designated for DbLypuss. Control Llank
mortality averaged 0.60% in 1991 (Table 1).

Additional steps were Llauken in 1931 to minimize post handling
mortality. These Included:

A) A second anesthesiologist was hired during the spring peak
outmigration period. This position was created to provide relief
and assistance for the primary anesthesiologist.

B) A veteran fish handler was required to document daily smolt
condition related o anesthelizalion and to immedialely notify
the anesthesiologist and/or the SMI biologists if deteriorated
smolt condition was observed during the counting process.

C) An additional (fish handler was hired during the spring
oulmigration pealk. This was done to reduce the processing time
and the length of time that fish were held in the re-circulating
anesthetic systenm.

Problems Related To Anesthetization

On Muy 18, control tank mortality rose to §.78% which was by far
the highest rate recorded for the season and was considerably
higher than cither the system (0.2%) or sample tank (1.5%)
mortality rates calculated on  that day. Over-anesthetization is
one possible explanation for this mortality increase although
the senior fish handler rated fish quality due to anesthetization
as good and lhe raceway 1 mortality index was only 0.08% on May
18%. The problem could noct be attributed to the FPC travel time
mavking program as fish were not marked on May 18. The density at
which fish were held in the contrel tank was also not excessive.
It was noted that the general quality of the sampie fish was very
poor. It is likely that one of the four bypass groups
(subycarling chincok, yearling chinook, c¢oho, sockeye) entered
the sampling system in poor condition and the additional stress
resulting from the aneslhetization and handling process resulted
in the high wmortality. This apparently was not the case for
stcelhead which were transferred to and held in raceway 1 and had
a very low rate of mortality.

During the final two days of the subyearling chinook marking
program (see 3.2) a tolul of 128 swmolts (two full dip nets)
failed to revive after prc-anesthetization in the 70 degree
facility water. This was a frustrating situation as fish from
each segment of the sample did nol show the same anesthetic
tolerance (l.e., at the same concentration of anesthetic several
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dipnets- of (fish would be handled and marked without incident
followed by a dipnet of fish which failed to revive). To
eliminate this, both the re-circulating anesthetic and pre-

anesthetic concenlrations were reduced. This effetively
minimized mortality but the sample fish also revived quickly in

the sample trough and were very difficult to examine and mark.

2.2 Full Sample Descaling

Prior to 1990, all descaling rates used to index the condilion of
the daily fingerling collection at McNury Dam were based upon 50
to 200 fish sub-samples which werce recorded daily by an FTOT
biologist. This dala was dissemlnated to¢ tribal, state and
federal agencies and to the FPC. In July and Augusl of 1990, the
SMP crew was instructed to count the number of descaled fish from
each entire daily sample. The "full sample” descaling rate
generated from this allowed better detection of daily changes in
smolt condition and the c¢xtra counting did notl significantly
increasc the time required to process the fish.

In 1991, tabulators and brackets were installed at each counting
stalion on the sumpling trough so that full sample descaling
counts could ULe oblained throughout the scason. Full sample
descaling rates were reported daily to the FPC during 1991 and
are summarijzed for the season in Table 2.

2.0 RESEARCH
3.1 FPC Travel Time

In 1991 Llhe Fish Passage Center funded a private contractor to
freeze brand yearling chinook and steelhead for travel tlime
evaluation to John Day Dum. A total of 32,248 yearling chinook
were branded and bypassed (Table 3). Overall, 72.5% of the
vyearling chinook which were handled for this program were
markable. Yearling chinook were unmarkable most often due to
scale loss.

A total of 21,414 stlcelhcad were also branded and bypassed for
lravel lime evasluation (Table 4). This was 77.8% of the total
number handled for this program. Steelbead were most often
unmarkable becausc they had been previously branded.

3.2 USFWS Early Life History

The United States Fish and Wildlife Service contracted the
Washington Depariment of Fisherles to freeze brand, coded wire
tag, and adipose clip subyearling chinook for early life history
evaluation. A total of 105,088 zero age chinook werc marked and
bypassed for this program (Table 5). An additional 3,000 were
held for delayed mortality evaluation and transported.




The marking was conducted from June 20 through August 3 and was
split into three 36,000 fish rceplicates. The first, second, and
third replicates approximated the early, middle, and lale
segments of the oulmigralion respectively (Figure 1).

The June 28 release group which is listed in Table 5 as having
been branded RAZK3 was actually branded LA2K3 similar to the

July 26 release group. This error was detected through
subsequent recovery at John Day Dam of LA2K3 brands prior to the
July 26 rclease. A unique external mark is required for each

release group to determine the rclationship between travel time
and flow. In this case the two similarly branded releasc groups
can be dislinguished due to the 28 days between the two releases
(i.e., most of the firsl rclease should have Dbeen recovered at
John Day Dam prior Ulo the second release). lHowewver, this is o
potentiully serious error which can hopelessly confound travel
time estimates. A strict cross-check format must be implemented
to prevent this in the future. The format used this year at
McNary was:

1) Al the slart of the day, the marking pots were labeled with
the brand type, location, and rotation.

2) At the conclusion of the day, a daily marking record form was
completed which included the Dbrand type, location, and rotation
as indicaled on lhe label.

3) A label from one of the two marking pols was then removed and
altached to a garbuge can containing 50 to 100 fish which were
held for 4% hour deluyed mortality and tag loss evaluation.

4) Two days later lhe fish would be removed and examined for
mortality and lag loss. This information would then be logged
along with the brand type, location, and rotation as indicated on
the atlached label.

Under this  formal it is difficult lo sec how the June 28 release
group could have been marked on the wrong side. Both the daily
marking record form and the delayed mortzlily and tag loss log

list the June 23 relecase as RA2K3. There are only two possible
ways this error could have occurred: case 1 - the brand location
was twice Incorrectly transcribed, or case 2 - two experienced

fish branders ignored the brand label which was placed
immediately In front of them and branded 5,092 fish on the wrong
side. Bolh cases are unlikely, however one or the other did
apparently occur this past season.

3.3 USFWS Smoltification and Travel Time

This year the USFWS sacrificed 756 yearling chinook, 621
subyearling chinook, 701 hatchery steelhead, and 127 wild
steelhead to measure physiological indices of smoltification.
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These fish were provided by the McNary SHPF.
3.4 WDF Wild Subyearling Chinook Marking
Objectives

In June, wild subyearling chinook were captured al the Hanford
Reach and freeze branded or PIT tagged for the McNary Smoll
Moniloring TIrogram. This pilot study had 1two objectives: 1)
supplement the USFWS Smoltification and Travel Time physiological
sampling wilh wild subyearling chinook which could be identified
upon rccovery al McNary Dam (freeze brands), and 2) index the
arrival liming of wild subyecarling chinook to McNary Dam (frecze
brands, PIT tags).

Methods

The field work was performed in  conjunction with a WDF Pacific
Salmon Treaty CWT marking program and was a cooperative effort.
The WDF Batlle Ground Office personncl were assisted by a USFWS
volunteer and captured the fish with slick seines and beach
seines. The Yakima Indiaun Nation and Confcderated Tribes of
Umatilla also assisted in capturing fish. The WDF Tumwater CWT
marking lrailer crew performed the freeze branding. The NMFS
provided the PIT tagging equipment and the PIT tag technical

expertise. The McNary WDF SMP personnel assisted in the
capluring of fish and were trained to. PIT lag. USIWS pcrsonnel
sacrificed wild fish at the marking site to measure

physiovlogical parameters.

The capturing crew used jelt boats to access the shallow areas of
the Hanford Reach where wild zero age upriver bright fall chinook
were seined. The caplured fish were held In garbage cans and
then transferred to the tagging site (ferry landing) wherc a WDF
CWT marking trailer was located. At the ferry landing lhe fish
were either  sorted and marked immediately or held for a brief
time in nel pens until they could be sorted and marked. Fish that
were designated to be marked for the Smolt Monitoring Program
were hand sorted by the WDF CWT marking trailer crew. Only fish
S5mm or grealer in fork length werce to be PIT tagged or frecze
branded. All fish were relcvascd on the same day lhat they were
marked eaxcept for those fish which were held for delayed
mortality evaluation. The Priesl Rupids halchery release of zero
age chinook had to be delayed until the conclusion of this
program so thal only wild fish would be captured and marked.

The general PIT tagging plan was to tag and release a lotal of
2,000 fish In 1 to 2 days and then recover a portion of these
fish at McNary Dam. The NMFS provided the PIT tagging equipment,
a paneled truck, and a blologist tralned in the application of
PIT tags to assist iIn the ficld work. The truck containing the
equipment was parked Immediately next to the WDF  CWT trailer at
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the ferry landing. Fish were brought by beat to the truiler
where they were sorted and then transferred to the truch. The
fork length of each fish was recorded as the fish werce tagged.
The PIT tagged fish were then held in a freshwater trough along
with fizh from the CWT marking program. At the end of the day all
maiked fish werc lransferved by boat several miles dewnslream

from the ferry lunding and released. At the recovery sile
(McNary Dam), the tagged fich were passively interrogated as they
exited the separator. The arrival timing of these fish was

determined by counting the number of detections per dsy.

The zeneral frecze branding plan was to mark and releazse o total
¢f 10,000 fisk ia 1,250 fizsh per day groups for =sulb:equent
recovery at McNary Dam. Each group was to be  given a unique
brand. The frecze branding was conducted inside the CWT marking
trailer. The fish were sorted, branded, and hcld with fish from
the CWT marking program and then releascd. Al Lhe recouvery site,
a sample of the freeze brandcd fish were  individually
anesthetized and examined by the McNary SMP and then sacrificed
by USFWS  Dbiologists Lo measure physiological indices of
smoltification. Fork lenglhs were also recorded for each branded
fish that was sampled. The arrival timing of these fizh was
determined from daily collection estimates which are equal to the
number of branded fish s:umpled per day divided by the daily
sampling rate.

The informalion collecled at  release and recovery foro the {wo
types of marks Is summarized below:

Release DNala
PIT Tags - individual tag number
- number of fish released
- individual fish length
Freeze Brands - brund characler, location, and rotalion by daily
mark group
- number of fish released

Recovery Data

PIT Tags - Individual tag number
- exact time of recovery

Freeze Brands - hand count of all branded fish samplcd within
each 24 hour sampling period.
- length of each branded tish

Recovery Estimates

PIT Tags - exact count of all detections



Frecze Brands sample count! expanded by the daily sampling rate

The =4 hour sampling period at McNzry Dam run:. from 0700 hours te
0700 hours. Pcak passage dales and daily posssage indices are
based upon this 24 hour time period for both PIT tagged [izh and
frecze branded  fish (i.e., a PIT tagged fish delected al 0701
hours on July 12 would be included in the daily collection
eslimate dated July 13). Daily passage indices were calculated
for both types of marks. The passage index is the collection
count (PIT tags) or collection eslimate (frceze brands) expanded
by the proportion of the McNary project discharge which was
passcd over the spillway.

Results - PIT Tags

A tolal of 2,012 wild subyearling chinooh were PIT tagged on June
€ and June 7 (Table 6). These fish ranged from Simm to SOmm und
had a mean fork length of 62.3mm (Figure 2). Slight error in the
hand sorting process resulted in 1.3% of the PIT tagged fish
having fork lengths less lthan the 55mm minimum criterion. Direct
mortality due to the handling and tagging precess was I.7% (Table
€). Onc¢ hundred fish from the Junc € releasce group were held for
24 hour delayed mortality cvaluatieon ond roleased on June 7.
Delayed mortality for this group cqualled 2.07%. Mortalilies werc
generally the smaller fish (mcan fork lecngth - 60.9mm).

The first PIT tagged fish arrived at McNary Dam atl 01:14 hours on
June 10 or 2.7 days after it was rveles=zed. The passage Index
pcaked on July 13. The last PIT lag deteclien occurred al 08:16
hours on August 2S (81.8 days after rclease). Only 15.2% of thouse
tagged were delecled at the McNary colleclion fuacility (Table §).
An  additional 2.2% are cstimated to have puassed over the
spillway. Generally, the fish tha! were the largest at rclease
were the first to arrive at the McNary collection facility and
the smaller fish were the last  to arvreive (Tigure 3). The fish
that weve lurger at rclease were also recovered ol a slightly
grecater rate than werce the smaller fish (mcan lenglh at release
of recovered fish = 63.5mm).

Results - Freeze Brands

Frecze Lranding began on June 5 and was concluded on June 13.
An "arrow” brand character was used to mark the fish and a unique
mark was uscd each day. Arrow brands were located on the lefl and
right anterior of the flsh only and all four brand rotations were
used during the eight days of marking. A total of 10,190 fish
were branded (Table 7). Direct mortality due to the freeze
branding was estimated at 1.6%. Two groups of 100 fish from the
June 11 and June 13 release groups were held for 24 hour delayed
mortality evaluation. Delayed mortality for these fish ranged
from 2.0% to 8.0% and averaged 5.0%. The mortality rate may have
been influenced by the capturing method and appeared to be higher
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for flsh thal were capluced D3 beach sceine  rather than by stlick
seine (Joe Hymer, WDF - personal communication).

A total of 84 freeze Dbranded wild subyearling chinook werce
sampled at the jJuvenile  collection facility., The first recovery

of a freeze branded fich was on June 10, Daily passuge peuked on
July 12 and the last recovery of a branded fish was on December
1. Only S.8% of tthe number of fish which werce branded arc
eslimated lo have passed through lhe bypass system  (Table 7). An
additional 0.7% arc c¢slimated to have passed vver the spillway.

The size of the branded fish at recovery ranged from 7Smm to

192mm and avceraged 101.0nm. The  fizsh  grew  throoughou!l the
collection perlod  and the srerage furk length fncres:ed during

cach successive month of sumpling (Tigure 41).

The recovery rate was highest for fizh with  arrow brands in the
first rotation and lowest for  fish  wilh arvow Lrands in lhe
second rotation (Table 7). Apparently second rotalion brands

were often mistaken for brands in the first rotation when the
fish were examined at the facility.

Discussion
PIT Tags versus Frecze Brand:

The peak arrival time and passags patlern were very :ximilar for
fish with the two different types of marks (Figure 5). However,
the branded fish werc recovered at a much 1lower rate than were
the PIT tagged fish (Tables 6 and 7). This is most likely due to
some branded fish Dbeing missced during the sampling and
¢xamination process. Generally, the brand quality was marginal.
Some brands were very light and the 1/8S" arrow characler was a
poor choice for this program as the this character did not
always leave a distinct legible mark on the fish.

Overall, the mortality rate due to handling and marking was
fairly low fov both groups of fish although the fyreeze branded
fish did have a highe:r mortality rate than the PIT tagged fish
(6.6% versus 4.7%). This could have contributed to the overall
lower recovery rate of the branded fish. In addition, relatively
small numbers of branded fish were sampled each day and used tlo
estimate the daily collection totals. The use of such small daily
sample sizes to extrapolatc daily collection and pPassage index
vstimates could have resulted in an under estimate of the actual
number of branded fish entering the bypass system. Il is nol
known how the placement of a visible external wark on a small
fish changes the susceptibility of that fish to predation but
this is one other factor which potentially could have lowered the
recovery ratc of the branded fish.

Priest Rapids Hatchery Fish versus Wild Fish
8



The peak passage date (July 12) for "U" branded upriver bright
subyearling fall chinook which were released from Priest Rapids
hatchery was es:zentially the same as that of the marked wild fish
(July 12 - frceze  bLrands, July 13 PIT l.gs). Figure G
illusleales the moedlai release dates for mucked hatchery and wild
fish as well as lhe arrival timing of thce 10lh, 350t} znd 90th
percentile: of the respective marked populations to McNary Dam.
Marked hatchery fish were released laler Dbul gencrally passed
McNsry Dam Lefore  the maivked wild fish. In addition, only a
portion of the total number of wild fi.h whick were caplured cach
day was large e¢nough to mark (had fork lengths equal to or
greater than 55mm). It was anticipated thalt ke markable
propostion of wild fish would Increase as the fish grew during
the nine day marking period. However, this general Ltrend was not
ubserved. This wuas most  likely because the propoertion of larger
fish thal were capturcd cach day was  influenced not  only by
growth bul also by the melhod and location of caplure. Records
were kept detailing the number of fish which werce handled for the
SMP marking program and Lhesc indicate that 29.5% of the fish
that were handled werve lurge cnough to mark. This meuns 60.5% of
the wild population which cutmigrates fcom the Hanford rcach was
not represented at 411 by {he SMP marking program. The PIT tag
recovery data indicatces that the fish thal were smal'es! at the
time of release generally arrivaed last (Figure 3). It is possible
that much of the McNury Dam sulyearling chinvok collection which
airived in Augus! lhrough December wus composed of wild fish that
were to small to be marked in June ind were therefore not
represeinled by mark recoveries.

The branded hatchery fish passed McNary Dum al o much higher rate
(24.1% of release) than the branded wild fish (9.5% of selease).
The  quality of lhe "U" Lrands was much botter  than that  of the
arro¥  brands and "U" brands swerc probably micsscd less oflen.
Branded hatchery  fish also  passed McNary Dam @t & higher rate
than PIT tagged wild fish (17.14% of relvase). Detection of PIT
tags has.been demonstrated to be close to 100%. It must be
concluded that marked hatchery fish entered the collection system
at McNary Dam at a grcater rate lhan  their wild counlerparts.

There are three 1ikely reasons  for  this: 1) Predation - The
hatchery fish were larger at release (Average Lengths: Hatchery-
95.2mm, Wild - G62.3mm) and should have therefore been beller

able to aveid predation. The marked hatchery fish were also
released later (Relvase Dales: Hatchery -June 14 through June 26,
Wild - June 5 through June 13) but were recovered earlier and
were exposed to predation for a shorter duration of time. 2)
Inriver Passage Conditions - The wild fish arrived later and

experienced Inriver passage conditions which were generally
characlerized by decreased flow and Increased water temperature
(Flgure 7). 3) FGE_- The fish guidance efficiency of the

standaurd length submersible traveling screens currently in use at
McNary Dam has been demonstrated to drop dramatically during the
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the e ection oo timata . zad o 2ullng pazsagze indec estimales
for wild fish may; be low rvelotive to hitel -ry fish it (s pos:ible
that & higher ropostjen of wild fizh may have pacsed under the
traveling soreons and through the lurbine ..

Conclusions

Late migrstion in warming water and declining flows translates to
a reduced probability of recovery at McNary Puam. Marked wild zero
sge upriver bright fall chinook arvived laler and were recovered
al a lower cute than were lheir counterparts from Priest Rapids
halchery. In addilion, the swoalleslt wacked wild fish genervally
arvived last. Mozt of the Lebycarling <hinouk which were handled
for the SMP marking progrem sere foo Lmal?! !'o b murked and these
fizh may have been the lat=st asrrivals and may have been exposed
to the poorest outmigration conditions of all. The results of
this study are based upon a very small mark sample size relative
to the population of wild Juvenile fall chinook which inhabit the
Hanford Reach. llowever, these result: do :suggest that improved
inriver passage conditiens for wild summer migrants would be
beneficial.

1.0 BRAND RICCVERY QUALITY CONTROL

As in  pa.t seasons, yearling chinovol, stcclhead, and subyearling
chinvok woere branded, held fer 48 Lours, aud  released back into
the sample:  tank to check the Dbrand recovery efficiency of the
McNary SMP. Overall, the brand recovery raltes were 96.2% for
yearling chinook, 93.3% for steclhead, and 99.2% for subyearling
chinook (Tablce 8). In the spring, an uadditivnal 7% run of the
river branded yearling chinook, =zockeye, and steclhead were
caudal clipped and released buck into the sample tank as an
additional quality control check. A total of T1 of these were
recovered for an overall recovery rate of 9S.7%.

In 1930, all new SMP fish handlers were required to sort an
enlire B tank samplc "secvded” with tlest branded fish. This was
donce to train the tcchnicians/Liologists to observe freeze brands
and tu verify that branded fish were nol being missed at a high
rate by ncw fish handlers. This yecar enly one new fish handler
was added to the McNary SMP crew and lhis person was required to
sort a sample seeded with branded yearling chinook. She
recovercd 95% of the lest branded fish.

Also in 1990, numerous test branded fish which had been released
back Into the B sample tank were recovered one or more days after
the seeded sample was processed. It was-determined that sample
fish were escaping through the worn B tank crowder bristle
brushes. Both the A and B tank crowders were re-lined and this
eliminated the problem {n 1990. Tes! branded fish did not
circumvent either crowder In 1991.
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5.0 COUNT DISCREPANCITS AND MISCLLLANEOQUS
Kckanee

This year a tolal  H»f 1,065 fish which were counted in Lhe tolul
collection estimate for sockeye were actuvally kekanee. Most of
the hokance which arrive o! MoNary Dum zpparenlly originate from
Lali¢ Roosevell &3 sockeye 200mm in  fork length or grealer are
2120 ebserved  at Rock I:land Dam (Chuck Peven, Chelan County PUD

personal! communication) and at DPriest Rapids and Wanapum Dams
{Clhivi- Turloon, Gront County IPUI - persvnal communication).
Kolkanee sampled ut McNary ranged from  S00mm lto  1075mm and hud o
mian fork length of 281.2mm (Figure 9). XRokance composed 0.3% of
the total sockeaye collecticn in 1991, :

Rainbow

A total of 3,919 or 1.1% of the 1991 hatchery steclhcad
collection was actually rainbow trout. Rainbows were
distinguished from hatlrhery steelhead by worphologlical
churacteristics and rangrd from <00mm to 370mm with a mean fcrk
Jeng!h of 260.6mm (Figurce 10). Fluoy anchor tagged rainbow trout
have been recovered at  McMary Dam each sezson since 1989. These
fish are part of a Colville Indian Nation,/Tastern Washinglon
University cooperative enhanceomen! program on Lake Roosevellt. I
is likely thut most of the rainbow trout observed at McNary
originate from this program. Rainbows and kokanee are apparently
flushed oul of Lake Neosevelt duiing exlreac Jdrawdewns at Grand
Coulec Dum My. A1 <.k.l:, Co:tern Woshingtoen Univerzsity-
personal communicalion)}.

Yearling Chinook

In Noevember and December & felil of 105 yearling chinvol which
viere renorted to huave  been collested and bypassed were actually
mature subhycarling mini- jacks. The o€ of these minl jacks wax
verlfied through  scale anslysis. Mature zero age chincok had not
been observed al McNary Pam prics 1o November of 1991 and the
origin of these fizh  is voknewn,  Subyearling mini-jack:, ranged
from 112mm to 18Tmm and had a mean length of 159.7Tmm. Host
(T7.8%) of thc yearling chinook collection reported in November
and Ducember was subyedsling mini-jucks. Zero sge mini- jacks were

a  negligible compenent of the <verall 1991 yearling chinook
March through December collection estimate, however.

Miscellaneous

This year one Juvenile atlantic salmon was sampled at McNary Dom
and ten were estimated to have been collected. Two others werc
observed in the raceways. Atlantic salmon had not been observed
at McNary Dam prior to 1931 and these apparently escaped from a
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el penra arvbing progrea ot Nofus Weod:s Luke. Several stluitic
salmon wserce alse oboerved  at Rock  Islanud Pam this pasl Spoing
Chedh Pesens, Chelin Countly DUD percenal communicuaticon). The
one  otloatic LLtae LEL O was megsoesd U s MeM e fLoility

this yexar had @ £orl: length of 162%mm.

Two dolly varden also entered the sampling system this year and
the expanded collection estimate for these fish was thirteen.
Lengths were not recorded for dolly varden.

Observations of atlantic salmon and dolly varden were reported in
the "comment™ section ~f the dafly report but were not included
in the daily colli.ctivn suvmevical summary.

.0 MONTTORING IN NOVEMBER AND DECEMBER

This yeur o WDBF cvaluation of adult passage through the juvenile
bypass system wa. conducted after November 1 when the submersible
traveling screens would normally be removed for maintenance. The
sceeons remained installed through December 16 for the fallback
cvaluation and the smolt monitoring program was conducted
concurrently. The A side of the juvenile separator was covered
during the evaluation and all juveniles were routed through the B
exit. All sample fish were diverted to the B tank and the
remainder of the collection was bypassed. The PIT tag detection
system ircmained operalionsl throvgheu! the cevaluation.

The £4  hour sample rate ranged from 10% to 24% and was adjusted
in response to the delris load and to  the abundance of juvenile
american shad. The L sample tank has only onc water climination
screen which ofton hecame plugged during peviods  of heavy debris
lead. This  problem was wminimized by lowering the sumpling rate.
Juvenile wmerican shad abundance was high throughout November and
these small fish had to be dip netted by hand from the sample
tank and then bypassed. Shad were not counted but the collection
appeared to peak during the second week of November. During this
time it was roughly estimated that over 2100 pounds of shad were
loaded into Lthe B lank in vne 24 hour sampling period.

Duily sampling in Novembesr and December was usually conducted by
vne person due to the relatively small number of salmonids. The
re-circulating anesthelic system was seldom opcrated and lhe
sample trough was usually filled via the emcrgency freshwater
inflow. Sample fish were pre-—-anesthetized and carried into the

lab building where they were counted and examined for scale loss
and freeze brands. The processed fish were then allowed to
recover In a five gallon bucket of fresh water and then carried
to the lower end of the ice and trash sluiceway and released.

Most of the fish which were sampled were subyearling chinook.
Overall only 0.5% of th¢ 1991 subyearling collection total was
counted in November and December. However, subyearling chinook
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abundance was higher in November during lthe normal pest screening
vocded than duiing cither of lhe finul lwo menths (Sceplember and
Nclebee) f the normal scireening woeucan (Table 7).

Subyensling chineolk averaged 1653 3am in fork lenglh in November
and December and ranged  from 10Smm te 250mm (Figuve 11). Fish
willh forl lengths near the lowes end of the size runge displayed
in Tigure 11 appcarcd morphologically different from other

subyesrlings and may have bcen cero age spring chinook.
Subycarling chinook gzirew rapidly ‘hruughout the collection season

.

{Figurc 12).

The subyecarling  chinook Jdescaling rale increased from a scason
average  of LI (March Ocla:ben}y to wnn average of 6.0% in
Novezbor and December. The descaling rale incrcasce may have beeon
'te U frequentl debris Lleckages in the © tank counter tunnel.

T sample tanh mortality rale was  very low in November and
December and averaged 0.6%. Post sampling/handling mortality
data was nol collected because a)l sumple fish were bypzssed
shortly after they were cxamined. System mortality averaged only
¢.1% in  November uand December. Howerver, this does not accurately
c2flect the mortality rate for the entire collection. System
morlulily Is calculated by dividing the number of murtalities
~wulited cach day by the daily collicction c.timate including that
postion of  Llhe daily collectlivn which 15 bypacsed. Most of Lhe

coilectisa i Nevember and Deccmber wos  immeclalely bypassed and
') anly morslalities which were ocounled were those from the

cample tank.

Thiree freeze branded zubyeasling chinool were sampled in November
and Dccember. These fish  orviginaled from Priest Rapids halchery
(U111l chinook), Wells hulchery (summer < hinook), and the Hanford
Foach (wild  fall chinook). Oune PIT tagzed wild subyearling fall
chineok from Hell's Canyon on the Snike River was also detected
iti November.

7.0 LARE WEONATCIHEL NET PEN SOCKEYE

A Letat of 260,400 Juvenile sockeyce salmon were reported to have
been released from Lake Wenatchee nel  pens in Oclober of 1990.
Tolheye scale  samples were  tuken in the spring of 1991 by the
McNar, SMP to identify thesc fish. Nel  pen sockeye  which werce
sampled at  McNary Dam  averaged 12%mm in fork length and ranged
from 110mm to 136mm. Double extrapolations of length frequency
data and scale sample data were used to estimate the composition
of the sockeye collection from April 30 through June 4. Net pen
sockeye were estimated to compose 13.0% of the total sockeye
collection and 19.9% of the yearling sockeye collection which
ociginated (rom Lake Wenatchee (Table 10).

Approximalely 1% of the Lake Wenalchee breod were used to produce

13




the netl pen flzl. he collection estimales are based upon doubhls

cxicapoiations from selatively  small camples and cee rough.
However, hey do Lugoen! hal socekeye orizinaling feom the e

pen program did s:{rvive to reach McNary NDam at 2 much higher
rate than wild Lake Wenatchee sockeye.

2.0 RECOMMENDATIONS

1. The WDF Fallback Evaluation provided the unique opportunity

for smolt monitoring to be conducted at McNary Dam in November
and December when e submersidble  traveling screvns would
normally be removed for maintenance. Two importan! obiecvations

were wode duriag 'Wis liae period:

A. Morz smolls wore collected in November (nermal  po .t ~Crecalng
puciod)  thon i eitler September or Octoher (nurmul screcning
period).

B. One PIT Tagged wild subyearling  fal! chinock frem 'l Snake

River was detected during November when the submersible traveling
screens would normally be removed. Wild Snake River fal! chinook

are currently preoposed for listing ac "threatened" under the
Endangered Specics Act.

The screening season should be «extended and 2 late season
trausportation pregram  should bhe (initiated to provide maximum
prtecticn for thesce  fish. I1f these  two MELsUrcs  are
implemented, then  the McNary  Swmolt Monitoring seasun should be
continued concurrently.

- 2. Conslderable cmphusia is placed apon prosilding flow
augmentation in  the Snalie and Columbia RNive:r bocins s kid
vyearling spring  culnigrants. However, mos! >f fhe juvenils
salmonids which pass McNary Dam are subyearling chinuok which
arrive during the summer. Production estimates have been

calculated in past years and these indicate that most of the
subyearling chinook present in the Columbia River above McNary
Dam are wild fish which originate from the Hanford Reach.

Only a swall portion of 1the wild subycarling full chinook
population which inkabit: the Hanford Reach wu: murhed this year
to index arrival timing to McNary Dam. In addition, most of the
caplured wild fish were too small to mark and were therefore not
represented a2t all by mark recoveries. Given the limitations of
this small scale pilet stedy, the results indicate that wild
subyearlings: 1) arrived alt McNary Dam later than their hatchery
counterparts, 2) experlenced deteriorating inriver passage
conditions, and 3) werc recovered at a lower rate than hatchery
fish. These results suggest that a summer flow augmentation
program would bencfit wild summer outmigrants.

This study should be repcated in 1992 to provide data comparable
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to thal collected in 1391, The frecze branding tool used in 1992
should hbe a 1,/8" open  single characles (e, "CT, "J7, L7,
"S", etc.) which will produce a maore 1cgible ark than the
"arvow” characley used in 1997,

Expandtag the  us~ of DPIT tags o murk « 1! aelycarlings in the
fulure should als<¢ be concidercd.

2) Thiz year one group of subyearling chinoolk which were reported
to have Dbeen branded on the right side at McNary Dam and
bypassed were determined through subsequent recoveries at John
Day Dam to have heen hruanded onr the left side. Potlentially un
crror cuch as this cun hopelessly confouad ‘vevel time cxtimates,
Steps will be laken In 1082 to Jliminate thiz lype of errvor.
These will Include:

A The foceze Lranders will be walched more carefully while Lhey
brand fish.

B} An  illastsatliun showing the direclion the fish {. to be held
while it is Lranded will be Included o the branding pet label to
aid the firceze bruanders. .

C) Onc Dbrunnd label will be removed from a branding pol and
attzched directly to the daily marking record form  to eliminatce
the possibility of trunscriplion crras.

D) Ti:h Lhat are checked for 18 hour delayed mortality will also
be checked for proper brand placement.



TABLES
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Table 1. 1991 McNary Dam mortality summary.

System Sample Tank Raceway 1 Control Tank
Year Mortality Mortality Mortality Index Mortality
Cweer  zen e pen I T
1288 1.7% 1.5% ag.4%. e
1989 1.9% 2.4% a.4. @ e
1999 1.2% 1.5% 8.32 e
1991 1.08% 1.8% B.4% a.6%
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summary {(March -

December) .

SH-H COHO

SOCK TOTAL

Table 2. 1991 Full sample descaling
CH-1 CH-9g SH-W

# Sampled 169,832 314,149 7« 995

# Descaled 14,031 13,958 315

7 Descaled 8.7% 4. 47 4.2%

37,819 9,729
3,883 799

19.3% 8.1%

23,278 553,286
2,525 35,502

18.9% 6.4%
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Table 3. 1991 FPC travel time evaluation - daily sarking record.

YEARLING CHINDDK BARKED § UNMARKABLE n TOTAL HANDLED
Date Brand Nusber Musber  Total XX Branded Descaled Injured  Total XX Total Perceat
Bypassed Transported ¢ II Handied Markable
fpril 22 LAIXL 1,188 2 1,266 XX 41 55 2 148 XX 1,348 89.01
fpril 23 LAII2 1,189 3 1,21 o8 &5 83 188 11 1,388 85.51
fpril 24 LAIX3 1,188 2 1,26 XX 72 85 34 191 X1 1,391 85,31
fpril 23 LDIII 1,188 4 LM 85 11 116 08211 1,482 81.0,1
fpril 26 LDII3 1,126 2% L 45 1A] 3 193 11 1,339 85.62
fpril 29 LAlS) 857 y. ] 877 XX 18 63 (1] 149 11 1,824 85.31
fpril 3§ LALS2 1,637 §f L7 XX 33 141 64 2811 1,875 87.31
May I LAISS 34 y: | 318 XX 14 Ve 3 nun 4“3 83.51
May 2 LDifl 935 u 935 XX Y] 9% 3 17411 1,19 84.482
May 3 LBIS3 1,839 a3 1, x Yol 95 39 15911 1,238 .21
May 6  LA1St 1,688 22 1,78 X 48 216 as M 2, 83.22
May 7 LA1S2 1,688 2 1,718 XX 89 454 114 85311 2,31 2.3
My 8 LAIS3 1,687 2 1,mn 13 338 169 211 2,577 67,61
Nay 9 LBiS! 1,681 ¥ 1, 143 m 12 834 11 2,55 87.11
May 1§ LD133 1,682 22 1,721 124 Sie 1 s 2,5n 66.01
Nay 12 LAIDI 1,188 4 1,241 162 3139 132 mu 1,13 87.711
May 14 LAID2 1,308 ¥ 1381 n 187 198 11 1,9 89.92
May 13 LAID3 1,623 # 1,1 im 399 i1 8211 2,45 6.7
May 16 LDIDt 1,365 2 1,351 133 413 37 83 Il 2,128 62,31
Hay 17 LDID3 1,189 d4 1,201 97 543 164 824 XX 2,64 59.31
May 26 LAIFY 1,386 ¥ 4 92 377 138 M1 1,9 n.mn
Nay 21  LAIF2 1,391 4 L 116 3% 219 B 2,342 o8.21
My 2 UWIR 1,382 ¥ 87 482 134 M1 2,165 66,62
My 23 LBIFY 8t : | 231 xx R¢ 138 72 911 1,671 77.81
May 24 LDIFS 1,588 a4 LM 32 285 124 $7 11 2,65 .81
32,248 89 32,728 11 1,832 2,34 2,633 11,785 X1 44,513 3.5
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Table 4. 1991 FPC travel time evaluation - daily sarking record.

STEELHEAD HARKED ¢4 UNNARKABLE XX TOTAL HAMDLED
Date Brand Nusber Musber  Total XX Branded Descaled Injured  Total IX Total Percent
Bypassed Transported 1 II Handled Markable
fpril 29 RA131 448 26 48 11 2 2 4 R H 12 88.91
fpril 3§ RA132 1,944 § LM 3 4 99 176 X1 2,14 91.71
May I RAI3S 149 28 169 X1 1 [ i1 18 11 187 98.41
May 2R3 49 Y 49 1 s 13 14 221 4% 94.61
May 3 RDI33 362 2 Sz 11 7 8 3 21 542 96.31
May &  RAITL 898 28 918 XX i 66 32 16911 1,09 84.31
May 7 RAI72 899 Yl 918 11 o 83 n 20 11 1,129 81.31
May 8 RAIT3 1,1 A L7 x 168 o L] 262 11 1,389 81.11
Nay 9 RM7 1,178 ¥ 1,181 65 ] 9 231 X1 1,429 83.81
Nay 18 RMZ3 1,454 4 Ly 5 113 9 2411 1,758 83.8
May 13 RAIVI 881 Y 9 11 183 5] " M xx 22 74.3L
Kay 14 RAIV2 1,043 3 1,831 283 129 o 483 11 1,54 68.81
Nay 15 RAIVI 1,808 2% 1,081 237 117 82 436 11 1,44 .21
Say 16 RBIVL 1,755 2 1,155 1 345 155 82 w2 2,33 15.11
Nay 17 RDIV3 1,886 ¥ 1,841 Y~ ] 149 126 B 2,361 n.n
Hay 24 RAIMt 731 Y. m 1 89 184 35 28 11 "9 n.a
May 21 RAlN2 1,107 2 iz 1 196 189 8 I 11 1,563 5.0
Nay 22 RAINS 1,434 2 1,441 359 1m 81 821 XX 2,675 78.11
May 23 RDINI i Y} NN 88 o 13 16t X1 54 .9
fay 4 R s Y. 751 11 193 89 R+ 9711 1,088 n.n
May 27 RALSt 472 Y mu IAS a8 5 196 11 688 .3
May 28 RA152 is ] ya a4y xx 37 n 4$ 11 72 .8
My 29 RAIS3 293 i I 1 B k)] k{] 144 11 45 88.31
May 38 RBISI m 9 i LB H L} 48 35 132 11 33 .7
May 3t RMSS 166 ’ 166 11 36 N 3 126 11 m 3%.0
21,414 M 24,84 X1 2,863 1,97 1,422 s,20211 28,18 n.e
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Table 5. Sussary of 1991 subyearling chinook USFMS-NDF sarking progras at McMary Das.

ist replicate

NARKED I1 UNNARKABLE II 48 HOUR DELAYED MORTALITY
4 XX & TAG LOSS
ot Marked & Marked & IXPrev. Under- Other Total Percent Total XX flost 1Ta
Bate Code Brand Bypassed Trans. Total IXBranded BDesc. Size Unsark.Unsark. Markable Handled XI #Held #Morts IMort Tags Loc
 }§ 11
Juse 2§ 27/11 LARL 1,382 125 1,427 XX 4 12 4 4 828 83.31 2,47 X1 125 401 4 8
Juse 21 77/11 LAR4 985 106 1,085 1 4 B I A M 2.7 LT X1 1M § 401 4 8.
duse 22 27/11 LARY 1,137 1 1,237 11 6 121 197 M2 A 8247 1,983 11 1M f .01 494
Juse 23 27/11 LAR2 1,843 1 1,943 11 1§ 132 89 68 N 87.51 2,877 11 188 22801 #§8.
dume 24 27/11 RARI 1,9 125 2, 1§ 185 87 & 847 78.61 2,96 1 164 ¢ 601 ¢ 4.
Juse 25 27/11 RAR2 3,997 19 4,087 U 16 238 14 733 1,147 78.11 5,24 XX 1M f 001 ¢ 8.
June 26 27/18 RARS 5,486 196 5,986 11 N W8 157 843 1,358 8.5 6,937 X1 184 f§ 081 11,
duse 27 27/16 RARA 5,514 196 6,614 X 4% M 4 117 1,24 M2 72,8581 1M s .01 4 4.
Juse 28 2719 RAX3 4,992 154 5,0 0 8 28 43 478 BBB 83.21 5, M g 401 48
duse 29 27/9 LAZP1 4,12 1M 4,872 11 8 289 91 45 BW BM.ST 576911 1M 2 20 ¢ 8.
Juse 30 27/9 RAZPL 1,839 16 1,957 11 7 % ¥ 152 34 8.2 2,273 11 1M f o1 49
44 1 4
4,801 1,156 35,191 X 289 2,388 894 4,284 9,804 78,51 45,845 11 1,125 4 441 1 8,
2nd replicate
NARKED XX UNNARKABLE I1 48 HOUR DELAYED MORTALITY
H{ | IX & 6 LOSS
o Narked & Marked & I1Prev. Under- Other Total Percent  Total XI flost ITa
Date  Code Brand DBypassed Tranms. Total XXBranded Desc. Size Unsark.Unsark. Markable Handled XX #Held SMorts IMort Tags Los:
1 ¢4 41
duly 9 27/8 RAV1 2,484 1M 2,84 11 n 12 & 206 in B3.81 3,412 XX 184 5 401 § 4.
July 18 27/8 RA3 3,358 196 3,450 11 1H3 24 2 9% 9 M.2I 4,107 11 1 $ 0L ¢ 8.1
duly {1 27/8 LAV1 3,860 1M 5,966 XX 199 345 17 Mm 14,183 83.81 7,131t 1M § 401 § 0.
duly 12 2777 LAN3 7,015 16 1,115 11 175 I I M L, 8741 8,450 1M § .01 ¢ 4.4
July 13 27/7 LA2S1 4,789 184 4,889 1X B3 1 4 113 87.31 5,021 1M 1 1.1 1t 14
duly 14 27/6 LA2S3 1,718 109 1,818 11 2 1w 1 23 a3 81,51 2,731 11 1M $ 401 § bt
duly 13 27/6 RA25! 4,633 104 4,733 XX M WS 13 I 33 87.91 5321 1M § 401 ¢ 44
July 16 27/6 RAZS3 5,349 1 3,49 11 M 3 ¥ 73 88.112 45,185 XX 104 1 1.6 6 4.4
{4 XX
Total 35,286 808 35,006 11 851 1,988 87 2,929 5,775 B6.2X 41,781 X1 B84 2 431 1 4.1
3rd replicate
MARKED IX UNMARKABLE XX 48 HOUR DELAYED MORTALITY
¢4 11 & TAG LOSS
1 Narked & Marked & IiPrev, Under- Other Total Percent Total I Host ag
Bate Code Brand Bypassed Trans. Total IXBranded Desc. Size Unsark.Unsark. Markable Handled IX SHeld #Morts IMort Tags Loss
4 11
July 24 27/5 RAXI 2, 14 3,0 7 248 § 171 3" 88.41 34 X1 1M 1 1.1 § 04
July 26 27/5 LAX1 2,626 108 2,726 11 9 144 1 M 35 B9.31 3111 1M 2200 § 4.8
duly 26 2715 LA 938 1" 1,038 IX 1 8 1 118 2 g3.81 1,211 1M 1 101 § 8.4
July 21 271715  RA9TE 2,495 14 2,59 11 37 %t I B s 6521 323511 1M 1212.61  § 4.9
July 28 27/5 RAYTS 1,79 196 1,319 1 3 2 1M W 4.0 1,641 XX 1M 1 1.1 6 04
July 29 2775 LA9T! 1,247 v 1,97 11 2 B i 183 88.87 t48X1 W § 8.0 1§00
duly 38 26/63 LTS 1,441 i 7,91 11 ¥ M t 3N 8 89.61 8,435X1 1M IRV S A N )
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able 5. - continued.

uly 31 26/463 LAZP3

4363 1M AM3XT 18 284 1 252 S5 B8.91 S,MBXI 188 2 241 8 6.0
uqust! 26/62 RA2P3 3,934 10 ASMXX 11 7§ 1S4 412 LTI AMEXX 1M 8 .01 6 o.M
ugust? 26/62 RARNY 4,121 10§ A,221X1 2 1§ 214 S5 B9.31 AT X1 18 1.1 8 60
ugust3 26/62 LARHI 3,673 10 3,T73NX 16 238 8 3 oM 8621 ATTNI 1M 1 101 § oM
- u i
otal 35,M1 1,656 36,090 01 1592,353 14 2,410 4,9% 8801 MG XIL68 2 211 8 .61
=
ROGRAN SUNNARY
RARKED I1 UNNARKABLE X1 48 HOUR DELAYED MORTALITY
u II & TAG LOSS
Marked & Marked & ItPrev. Under- Other Total Percest  Total II #ost ITag

Bypassed Trans. Total XIBranded Desc. Size Unsark.Unsark. Markable Handled XI #Held #Morts INort Tags Loss
XX 4|
195,088 3,080 148,088 XX 1,298 4,649 993 11,623 26,545 84.41 128,653 X1 2,975 a2 8N 2 811
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Table &. PIT tag sussary.

Tagged at  Direct 24 Hour Delayed Total Detected Passage
Ranford Nortalities Mortality Mortality  at McNary  Index
Nusber 2,848 3 218 12 356
Percent 166.91 2.81 2.91 4.61 15.2 17.41
Average
Leagth(as)
at Release  62.3 8.9 63.5
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Table 7. Freeze brand sumsary.

rand
Release Date
# Released

Birect
Mortality

24 hour
Belayed Mortality

Total
Mortality

Estisated
Collection

Perceat of
Release

Passage
Index

Perceat of
Release

LAARZ  LAARS RAARZ  RAAR3

dJuned June 6 June 8 June 9 June 1§ Jume i1 June 12 Jume 13

Total

16,196

§.61

.n

6.4

968

.31




Table 8. 1991 recovery rates for test branded fish.

Number Number Recovery
Species Rel eased Recovered Rate Minimum Maximum
Yearling
Chinook 419 493 96.2% S56.3% 146, @7
Steelhead 387 361 ?3.3% 77.8% 109, @7
Subyearling
Chinook 138 137 99.3% 95.7% 109, g%
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fable 9. 1991 McNary Dam collection summary (September 1 — December 16)

- - -_— ———

CH-1 CH-g SH-H SH-W Coho Sock Total
eptember 33 18,022 28 @ 1 154 18,240
Jctober 19 6,626 16 12 @ 12 b,676
lovember 115 18,529 19 a @ 30 18,675
dJecember (1-16) 29 4,316 11 1 @ 49 4,388

= = == =
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Table 10. 1991 NcNary Dam sockeye collection composition estimates (April 30 - Juae {).

Stock Tenateldee
Age 1+
Origin Net Per
Nuaber 18, 148
Percent

of Tolal 13.0%
Perceat of

Tematchee 1+ 19.9%
Perceat of

Release 15.1%

Teratchee
15
T

158,128

§2.5%

10.1%

Yenatchee

Tild

12,851

.3

27

Okanogan
1+
LI}

85,567

28.3%

Okanogan
143
i

5,03

1.1%

Roosevelt

Kokanee Planis

1)1

0.2%

Total

102,300

100.0%
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Ferk Length (mm) at Release
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Figure 4. Average Size at Recovery.
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- Figure 3. Arrival Timing.
' PIT Tags versus Freeze Brands
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Figure 6. Release and Arrival.
Hotchery versus Wild

40C
I80 Release 16 50 93¢
+ +—t -+
Felease % 1¢ 5C 90
I00 - & o O- -
f
® 250 h\
Q-
3
E¢
oa 200 -
93
@ -
13 |
o 130 \/
June July Auqust

— Al CH-C + Priest Rapids Hatchery ¢ Wild

—




Net Te Scale

Figure 7. Arrival Time, Flow, and Temperature.
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Fish Guidance Efficlancy

Figure 8. 1987 Subyearling FGE at McNary Dam.
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# Sampled

igure 9. 1991 Kokanee Length Frequency.

Mode=20mm, Meon=281.2mm, n=90
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Figure 10. 1991 Rainbow Length Frequency.
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Movernber and December

Figure 11, Subyearling Chinook Length Frequenﬁy.
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Lverage Fork Length (mm)

Figure 12. Average Subyearling Chinook Fork Lengths.
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