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INTRODUCTION

In 1985, the National Marine Fisheries Service (NMFS), under contract to
the U.S. Army Corps of Engineers (COE) continued to evaluate the effects of
" collection and transportation on juvenile salmonids at dams on the Columbia
and Sﬁake Rivers. This year, the major research objectives were: (1)
continue evaluation of previous transport efforts by :recovery of adults,
 tagged as juveniles, from the various fisheries, hatcheries, natal spawning
areas, and dams and (2) determine the relative condition of juvenile spring
chinook salmon, sampled from  various = points within the
collection/transportation system at Lower Granite Dam, by monitoring their
ability to survive an extended rearing peridd (120+ days) in artificial

seawater. -
ADULT RETURNS TO THE COLUMBIA AND SNAKE RIVERS

Returns of tagged adult fall chinook salmon, transpbrted as juveniles
ftom‘McNary Dam between 1981 and 1983, were monitored throughout 1985. We
also monitored the return of tagged adult spring/summer chinook salmon and
steelhead transported from Lower Granite Dam ~in  1983-1984 and 1984,
Vrespectively.

Tagged adults were recovered by operating automatic tag detection
equipment and trgpping facilities in fishways aﬁ Bonneville, McNary,‘and Lower
Granite Dams. The Bonqeville:Dam facilities were operated from 1 June to 15
Octobet (there were petiods of non—operation due to construction and testing
of the new adult collection facility in the Washington shore fishway; however,
these aétivities did not impact the recovery of fall chinook salmon--the
targeted sPecies). The facilities at McNary Dam were operated from 15 June to

15 November, and the facilities at Lower Granite Dam were operated from



1 March to 20 November. Additional tagged adults were recovered from

hatcheries, natal spawning areas, Columbia and Snake River sport fisheries,
and commercial fisheries in both the Columbia River and ocean harvest areas.
Several problems occurred during 1985 that limit our ability to present
up-to-date adult return data in this report: (1) fall chinook salmon marked
at McNary Dam in 1981 and subsequently recovered in the Alaska ocean fisheries
were reported to #&nother agency in error, and we have not yet received data
from the approximately 100 coded-wire tags (CWT)# (2) in December 1985, our
computer in Pasco, Washington, was destroyed by water damage from broken water
pipes (stored data were saved, and we are in the process of transferring the
data to a new computer, which requires reprogramming to access data files);
and (3) CWTs from spring chinook salmon marked at Lower Granite Dam in 1983
and 1984 and later recovered in Idaho hatcheries are not meaningful because of
errors in data or fish handling. Steps are being taken to remove sources of
error and restore an orderly flow of recovery data from the Idaho Department
of Fish and Game to the NMFS. Because of the aforementioned problems, no

adult recovery suﬁ%ary tables are presented in this report.

Fall Chihook Salmon - McNary Dam

During 1985; 113 tagged fish were recovered at dams and in various
fisheries. During adult spawning migrations in 1985, a total of 69 fall
chinook salmon returning to the Columbia River were trapped at Bonneville and
McNary Dams. All returns were from tests in 1982 and 1983. Since the 1984
report (Matthews et al. 1985), an additional 44 tags from the 1982 test were
recovered in Columbia River and ocean fisheries. The above data have been
entered 1iIn our tag return data base and are included in Figure 1 which
provides a summary of transportation benefité for fall chinook salmon from

1978 to 1983.
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FALL CHINOOK
Test/control ratios
McNary Dam
1978—-83

. Control

& Recovery at dams
& Recovery in ocean/river fisheries
Spawning grounds/hatcheries

1 Truck

Barge

(173) (265) (66)  (136) (477) (153)
1978 1979

(141) (356) (93)
1980

Transport year

(119) (55) (26) (85) (44) (74) (73)
1981 1982 1983

Figure l.--Transport/control ratios for McNary Dam truck transportation tests
with fall chinook salmon, 1978-1983 (includes barge test group for

1983).



During 1982 and 1983, fall chinook salmon were marked in sublots

coinciding with ea\rly, middle, and late phases of smolt migration (Park et al.
1983, 1984), Ea;h lot represented approximately a 2-week time frame. The
objectives were to determine if survival was comparable throughout the
migration and if transport benefits were realized in each of the three phases
of migration.

The adult return and recovery data are preliﬁinary and can only indicate
trends; final returns from the 1982 and 1983 releases are expected in 1986 and
1987. In 1982, survival of controls was highest during the middle phase,
whereas survival of transported fish was highest during the late phase
(Table 1). Though transport/;ontrol ratios showed transport benefit during
all phases, by fgr the highest ratio ~was realized during the late phase
(about 7:1). In 1983, survival of controls was very poor during the middle
phase, and survival of trucked and barged fish was more uniform throughout the
season. Survival was highest during fhe middle phase, and resulted in very
high benefit ratios (18:1 for trucked fish and 13:1 for barged fish).

Schreck et al. (1983) determined that stress (as measured by plasma
cortisol) associated with collection of fall chinook salmon was highest during
the late phase of migration in 1982 (Schreck characterized the late phase of
the migration as 2-10 August, which differs only slightly from our
characterization of 26 July to 6 August). There may be some short-term
effects of stress  (perhaps even some ﬁortality) during collection, however,
the differential stress noted over the three phases 5pparently has minimal

long-term effect on survival of transported fish.

Spring Chinook Salmon and Steelhead - Lower Granite Dam
In 1983 and 1984, spring chinook salmon and steelhead (1984 only) smolts
were marked with CWTs to identify four to seven sublots for each year's

release (Park et al. 1984; Matthews et al. 1985). The fish were marked to
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Table 1.--Return of adult fall chinook salmon marked as smolts at McNary
Dam during early, middle, and late phases of downstream migration,
1982-1983. Data are based on recoveries in all fisheries and
returns to dams on the Columbia River.

Year . Earl% Mid Late Total
and group N (%) N %) N (%) N
1982
Control 6 (0.069) 21 (0.111) 7 (0.063) 34 (0.088)
Truck 7 (0.130) 24 (0.128) 68 (0.438) 99 (0.249)
1983 |
Control 6 (0.040) 2 (0.013) 5 (0.047) 13 (0.032)
Truck 30 (0.199) 33 (0.236) 9 (0.145) 72 (0.204)
Barge 29 (0.193) 30 (0.197) 15 (0.141) 74 (0.190)




index the relative success of the barge transportation program. No controls
of either species were marked. A comparison will be made between sublots
within each year when return data are complete.

During 1985, 99 2-ocean age and 11 l-ocean age spring chinook salmon
returned to Ipwér Granite Dam from the sublots released in 1983 and 1984.
When the 9 jacks that returned in 1984 were added to the total, we have 119
adult chinook salmon returns so far. 1In addition, we have 234 adult steelhead
returns from the 1984 releases.

The incomplete adult returns to date only allow preliminary analyses. It
is not possible to state the returns of spring chinook salmon and steelhead to
the Snake River in terms of benefit ratios because no control groups were
paired with the transport groups. The return rate (0.24%) for spring chinook
salmon marked in 1983 was the highest\ since 1975 (Table 2). This is
correlated with the large return of 2-ocean age unmarked fish to Lower Granite
Dam in 1985. However, without a measure of total rate of return based on trap
efficiency, overall survival compared to that 1in other years cannot be
determined. This could be determined from the return of marked fish reported
from hatcheries in Idaho, although no spring chinook salmon recovery data for
Idaho hatcheries will be available for 1985. The rate of return of ]-ocean
age steelhead was 0.7%. Compared to previous years, survival of the 1984
transport group was also apparently high (Table 3). It should be noted,
though, that the estimated return rate for steelhead is heavily influenced by
whether the make-up of the run is mostly "A" run fish (primarily 1-ocean age)
or mostly "B" run fish (primarily 2-ocean age). This will not be known until

returns of 2-ocean fish are complete (spring 1987).
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Table 2.--A comparison of observed return rates for spring chinook salmon
transported in prior years with the observed return rate for smolts
transported in 1983. The percent return is based on 1- and 2-ocean age
fish in all years.

Transport Number of Percent
Year mode observed returns return
1983 Barge 108 0.241
1978 Barge 56 ' 0.099
1975 Truck 176 0.257
1973 Truck 341 0.241
1971 Truck 173 0.262




Table 3.-—-A comparison of observed return rates for steelhead transported in prior

years with the observed return rate for smolts transported in 1984. The
percent return is based on l-ocean age fish in all years.

Transport Number of Percent
Year mode observed returns return
1984 Barge 234 0.698
1978 Barge 328 0.744
1975 Truck 235 0.389
1973 Truck 352 0.956
1972 Truck 202 0.739
1971 Truck 166 . 0.369
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-EXTENDED SEAWATER HOLDING STUDY, LOWER GRANITE DAM -

Introduction

Adult runs of upriver spring chinook salmon have declined drastically in
the Sﬁake River basin since 1975. Collectionland transbértation of juvenile
migrants at Snake and Columbia River dams has been used in varying degrees to
increase smolt survival and enhance the runs of adult fish. The percent
returns of transported spring chinook salmon have been good in some years
(1968, 1975, and 1983), but in other years (1972 and 1976 through 1980) the
returns have been dismal. Park (1985) noted that in years when the réturn of
transported smolts was poor, the return of non-tfansported smolts was also
poor. 1In the years noted, the corresponding return of jacks was poér which
leads us to belie&e-that some anomaly affects a variety of upriver spring
chinook salmon stocks following their arrival in the Columbia River estuary
and ocean. |

It is 1increasingly apparent that BKD 1is present at high 1levels in a
latent or sub-clinical state in hatchery spring chinook salmon in the Snake
River Basin. A severe epizootic of bactefial kidney disease (BKD) following
stress associated with seawater entry is a factor that could drastically
affect the‘ survival of both transported and non-transported fish--thus
severely 1limiting potential transport benefits. Thése vinfections can be
activated by stresé, and the disgase progression is chronic in nature.
Therefore, if stresses associated with collectién, bypass, transportation
practices, or seawater adaptation activate sub-clinical BKD infections, smolts
should begin dying 20 to 90 days 1later during estuary or early ocean
residence, |

Recent studies strongly support the concept that BKD plays a major role

in severely limiting the ocean survival of spring chinook salmon. Banner et



al. (1983) found that spring chinook salmon smolts from three Oregon
hatcheries suffered BKD-attributed losses ranging from 45 to 81% after 200
days 1in seawater. Similarly, Congleton et al. (1985) presented data
‘indicating that spring chinook salmon smolts from several Iéaho h;tcheries
suffered BKD-attributed mortalities ranging from 33 to 85% after 130 days in
seawater. In both studies,(test fish were exﬁosed to stresses associated with
capture and loading at the hatcheries an& subsequent transfer to the seawater
facilities. It 1is not yet known whether relatively unstressed
naturally-migrating smolts, or smolts exposed to various types of stresses of
collection ahd transportation, would sﬁffer similar mortalities. |

In 1984, the NMFS began to look at this problem. 1In an initial study,
naturally-migrating spring chinook salmon smolts were sampled from sgveral
areas of the collection and transport system at Lower Granite Dam and held in
an artificial seawater recirculation éystam at the dam for 43 days (Matthews
et al. 1985). The test was intended for 120 days but was involuntarily
terminated when a main water valve was inexplicably closed. Limited
information from this study demoﬁstrated that BKD does impact to an
undetermined extent the survival of collected aﬁd transported spring chinook
salmon smolts. In spring 1985, we repeated the study at’Lower Granite Dam and
successfully held the test fish in the artificial seawater recirculation

system for 140+ days. Results of this study are reported here.
Methods

A schematic of the artificial seawater recirculation system used in this
study and described by Matthews et al. (1985) is shown in Fig. 2. Artificial

seawater was recirculated sequentially through a series of devices designed to
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SEAWATER RECIRCULATION SYSTEM

SCHEMATIC OF CLOSED ARTIFICIAL
4 Biological filter

Overflow '

an > _—

156 Fish tanks

W
] -
< Head box j l
P
~
Y - Pressurized
2 Pumps sand filter .
v 9 >
>-
Sump . -
== e Ultraviolet
°s i light
o
‘Airstone
To waste To waste

Figure 2.--Schematic of closed artificial seawater recirculation system

2 Water
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 designed to hold spring chinook salmon smolts for 120+ days at Lower

Granite Dam, 1984.



purify, filter, chill, and re-aerate the water. An alarm system was installed
this year to alert employees to interrupted water flow. Water quality
variables within the system, including temperature, oxygen, pH, salinity, and
un-ionized ammonia (NH3), wére recorded daily.

On 26 April, near the peak of the outmigration, we sampled and placed in
the holding tanks three randomized replicates each of approximately 100 spring
chinook salmon smolts from the areas described Eelow:

1. C-slot Gatewell Group (control). This group represented smolts that
volitionaly entered these gatewells aﬁd, therefore, were exposed to minimal
stresses (Park et al. 1983);

2. Pre-separator Group (PRS). This group represented smolts that were
exposed to stresses in passing from the gatewells and through the bypass
gallery, downwell, and pipe areas.

3. Transport Group. This group represented smolts ;hat passed through
the same areas as the previous group and, in addition, were exposed to any
stresses associated with passage through the ‘fish separator and raceway
complex and an 8-h simulated truck transport in a small experiﬁéntal fish
transport tanker (Achord et al. 1984) at 0.5 1b fish/gal water.

4, Mark + Transport Group. This group represented smolts that were
exposed to the same stresses as the previous group. Further, they were
handled and marked utilizing our pre-anesthesia concept (Park et al. 1983,
1984). |

The 12 test replicatés of smolts were sampled and transferred to the fish
holding tanks wutilizing wéter—to—water transfer techniques developed for
short-term seawater challenge stress tests (Park et al. 1983). The fish were

held in fresh water for 2 days before salinity was gradually increased by 1.5
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to 3.0 ppt daily over a 26-day period until full-strength (30 ppt) seawater
was achieved. Thereafter, we replaced approximately 2% of the artificial
seawater daily throughout the study.

All test fish were fed to satiation three times daily with Oregon moist
pellet (OMP) fish formula. Excess feed along with fish excrement was vacuumed
from the tank bottoms every third day.

Mortalities were removed daily, weighed, measured to fork length, checked
for descaling and other external abnormalities, and frozen. lLater, each
mortality was necropsied and critically examined for the presénce of‘ BKD
lesions and other abnormalities. The sensitive and highly-specific indirect
fluorescent antibody technique (IFAT) was used to diagnose the presence of BKD
organisms in all mortalities (Novotny and Zaugg 1979). In addition, we
developed a system based upon numbers of BKD organisms per microscopic field
for estimating the relative intensity or severity of infections among the
mortalities. In this procedure, each mortality was given a numerical rating
based on the following observations: -

0 = no BKD organisms found in a minimum of 300 microscopic fields.

1
(=Y
]

an average of less than 1 BKD organism per microscopic field.

1 = an average of 1 to 10 BKD organisms per microscopic field.

2 = an average of 10 to 100 BKD organisms per microscopic field.

3 = an average of 100 to 300 BKD organisms per microscopic field

4 = an average of 300+ BKD organisms per microscopic field.

This information provided not only a BKD incidence level among the
mortalities but also a rough estimate of the likelihood that the disease was
responsible for the 1individual deaths. To calculate this estimate,

mortalities with ratings of 2 through 4 were combined and considered the
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minimum number of mortalities 1likely attributable to BKD; likewise,
mortalities with ratings of 1 through 4 were combined and considered the
maximum number of mortalities likely attributable to BKD.

At the end of the study, all surviving fish were individually weighed and
measured to fork length. 1In addition, we randomly sampled 10 fish from each
test replicate for IFAT analysis.

We used two tests for statistical analyses of the mortality data. First,

the log-rank test (Anderson et al. 1980) with the chi-square statistic was

used to test for homogeneity within the testigroup replicates and for overall
differences among the test groups during the entire period. This test is more
efficient than a summary comparison because information 1s wused from
individual time-intervals. Second, we used a contingency table analysis
utilizing the G-statistic (Sokal and Rohlf 1981) to test for differences from
the beginning of the test until Week 12 and from Week 12 to the end of the
test.

Analysis of variance (ANOVA) was wused to statistically compare
length/weight relationships at the end of the study. Significance in all

statistical tests was established at P<0.05.

Results and Discussion
The recirculation system performed well. All critical water-quality
variables that we measured stayed within the desired ranges for the duration
of the study (Appendix Table 3). When we terminated the study in September,
the surviving fish showed no ill effects from being held ih this system; they
looked as 1if they had been samﬁled directly from the ocean. The population
had an average increase of 35-40 mm in length and their weight nearly doubled

(Table 4, Appendix Table 2). ANOVA statistical analysis indicated no
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Table 4.--The average length and weight (+ S.E.), by test group and replicate,
of surviving fish at the termination of the extended seawater holding
study.

Length (mm)
Groups: C-Slot (control) PRS Transport Mark + transport
Replicate
1 151 153 147 154
2 146 147 156 148
3 149 152 153 153
Test
average 149 + 1.5 151 + 1.9 152 + 2.4 152 + 2.2
Weight (g)
Replicate
1 41.8 44.5 39.9 45.3
2 37.9 38.1 45.8 42.3
3 41.0 44.2 45.8 43.0
Test
average 40.1 + 1.3 42.3 + 1.8 44.1 + 2.4 43.6 + 2.5

15



significant differences (P < 0.05) in length/weight relationships among any of
the test groups.

The four replicated test groups were held in the experimental system for
146 days, of which 116 were épeﬁt in full-strength seawater. By the end of
the test, mortality levels were high in all test groups, ranging from 60.3% in
the C-slot Gatewell Group to 75.9%Z in the Transport Group (Fig. 3). These
levels are similar to those reported by Banner et al. (1983) and Congleton et
al. (1985) in their tests in natural flow-through seawater.

Mortality levels were low and similar in all groups through Week 6. By
Week 9, the mortality rates in all groups except the C-slot Gatewell Group
were increasing. At Week 12, the maximum difference in the mortality levels
among all test groups was reached. From this point and for the duration of
the study, the mortality rate in the C-slot Gatewell Group increased to
approximately the same rate as in the other test groups.

The log-rank statistical analysis of within test-group replicates
indicated replicate homogeneity in all test groups except the C-slot Gatewell
Group. In this group, one of the replicates showed a significantly different
overall mortality rate than the other two (P<0.05). Nevertheless, all
replicates were included in further statistical tests.

Table 5 presents the log-rank statistical comparisons among the four test
groups for the entire study. The Pre-separator Group incurred a significantly
higher mortality than the C-slot Gatewell Group. Past research has repeatedly
demonstrated that passage of spring chinook salmon smolts between the
gatewells and pre-separator at Lower Granite Dam results in an increase in
stress (Park et al. 1983; Congleton et al. 1985; Matthews et al. 1985).

Further, the Transport and Mark + Transport Groups incurred significantly

16



SPRING CHINOOK MORTALITY
Seawater rearing 1985
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Figure 3.--Cumulative percent mortality of spring chinook salmon smolts from
designated areas of the collection and transport system at Lower

Granite Dam held in an artificial seawater recirculation system
for 21 weeks.
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Table 5.~—Among group log-rank tests utilizing the chi-square statistic for
significance of mortalities during the extended seawater holding

study.
Comparison X2 P(Xz)
C-slot vs. pre—separator 3.91 < 0.05
C-slot vs. transport 35.58 < 0.001
C-slot vs. mark + transport 21.39 < 0.001
Pre-separator vs. transport 12.06 < 0.001
Pre-separator vs. mark + transport 4,37 < 0.005
Transport vs. mark + transport 2.70 N.S.*

* N.S. = not significant.

18



higher mortalities than the‘Pre-sepafator Group. Again, past research has
demonstrated that certain activities in collection and transport beydnd the
pre-separator, such as handling, marking, or loading into trucks or barges,
result in increased stress in this species (Perk et al. 1983; Congleton et al.
1985).

The largest difference in mortality levels among the fourvtest groups
occurred by Week 12. A statistical comparison by contingency table analysis
of tﬁe data at this point indicates the same relationships asAthe log-rank
analysis for the entire test. However, the same analysis utilizing the
differential mortality data between Week 12 and the end of the study indicated
no significant difference among the treatment groups during this time. This
analysis indicates that all of the statistical differences measured among the
test groups by the log-rank test occurred by Week 12. Thereafter, previous
differential collection and transport stresses had no further effect on the
mortality rates within the groups.

The mortalities 1in all test groups during the entire study were
overwhelmingly associated with BKD (Table 6, Appendix Table 1). IFAT analysis
indicated BKD organisms were present in 98.8% of all mortalities. Based on
the classification ratings, we roughly estimated that between 73.3 (minimum)
and 84.6% (maximum) of mortalities in all test groups were likely attributable
to the disease. For BKD to be so dominant during this study, one of the
following general scenarios was likely: (1) a high percentage of the fish
population carried the disease at sub-clinical levels prior to placement in
the system, with relatively minor horizontal transmission; (2) a medium
percentage of the population carried the disease at sub-clinical levels, with
the remainder of the infection from horizontal transmission; or (3) a low

percentage of the population carried the disease at sub-clinical levels, with
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Table 6.--The association of BKD with mortalities during the extended seawater
holding study as determined by IFAT analysis.

Mark +

C-slot PRS Trans trans Totals
Incidence ‘
(%2 + SE)—a-/ 99.5 + 0.5 97.9 + 1.1 97.5 + 0.8 100.0 98.8 + 0.4
Probable cause of death
(% + SEg/
maximum— 87.9 + 5.1 84.7 + 2.3 75.6 + 1.1 89.4 + 1.9 84.6 + 2.0
minimumi/ 79.1 + 3.3 75.8 + 4.9 60.6 + 6.0 77.0 + 1.0 73.3 + 2.8

2/ Minimum of 1 BKD organism/300 microscopic fields.
b/ 1-300 BKD organism/microscopic field.

</ 10-300 BKD organisms/microscopic field.

20



the remainder of the infection from a high level of horizontal transmission.
We believe that the first scenario 1is the .most likely. Recent studies
indicate that greater than 90% of the spring chinook salmon smolts emigrating
from Idaho hatcheries carry the disease at sub-clinical levels (Mulcahy
19861/). In addition, our IFAT analysis demonstrated BKD in every early
mortality during this study.

We do not argue that horizontal transmission may ﬁave had some effect
during this study, but fo our knowledge, horizontal transmission of the
bacterium in seawater has yet to be demonstrated. The bacterium 1s an
obligate pathogen with salmonid fishes comprising its normal habitat. Even in
river water, the bacterium can survive only up to 3 or 4 days outside the host
(Austin and Rayment 1985). We assume that in seawater, the survival time is
even less. Also, within the experimental recirculation system used in this
study, the water was filtered and circulated through 1lethal 1levels of
ultraviolet light radiation approximately once every 4 h to further reduce the
level of viable BKD organiéms. At most, we believe that horizontal
transmission during this study may have accelerated mortalities to an unknown
but 1likely minor degree over what might have occurred under natural
conditions.

We found BKD in most of the surviving fish that we sampled at the end of
the study; IFAT analysis indicated that 94.97 were infected. However, the
intensity or severity of the infections was much lower in these fish than in
the mortalities. Only 25.2% of the infected surviving fish had BKD cell

counts of one or more organisms per microscopic field as compared to 84.6% of

Ry Dr. Dan Mulcahy, USFWS, National Wildlife Health Laboratory, 6006
Schroeder Rd., Madison, Wisconsin 53711.
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the mortalities. Nevertheless, it is apparent that more fish eventually would
have died if the test had continued.

The information from this study strongly suggests that sub-clinical
infections of BKD were differentially exacerbated early in the study,
depending wupon the level of previous stresses during collection and
transporation. After Week 12, the effects of previous stresses on the fish
were diminished, and the stress of seawater adapta‘tion became the dominant
factor exacerbating BKD infections equally in all test groups.

We emphasize that the data we present are from spring chinook salmon
sampled on 1 day (26 Apfil) and therefore are not representative of fhe entire
season, However, if we assume the differential mortalit& notedA between
transport groups and the control group is valid, we have some insight as to
the expected adult return from the two groups in a real transport/no transport
situation.

All fish transported and inriver migrants (non—trénsported) Alike have
BKD present at levels that sevefely limits their survival. The transported
fish have some added stress due to certain aspects of collection and handling
that exacerbates sub-clinical BKD infections and, therefore, causes their
survival to be reduced to about 25%. On the other had, inriver migrants
survive at 40% (in our test, these fish were virtually stress free, but during
actual inriver migratory situations one would assume that significaﬁﬁ stresses
would occur during spill and turbine passage). The inriver migrants survival
will be further limited by dam related mortality during passage from Lower
Granite Dam to Bonneville Dam so that freshwater survival is also about 40%
(conservative estimate). The combined freshwater and seawater survival will

be only 16%Z (0.40 x 0.40).
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Therefore, 1if survival of inriver migrants is to approach that of
transported fish, their inriver survival will have to be at least 60% (0.40 x
0.60 = 24%Z). In a more realistic survival scenario, only 30% inriver survival
will be realized. In which case, 12% total survival can be expected.
Mortality of transported fish must exceed 88% or a transport benefit will
occur, From the foregoing comparisons, it is obvious why previous reported
transported/control benefit ratios are positive. The same rationale can be
used to show why spring chinook salmon transport/control ratios are
small-~usually less than 2:1. The results of the seawater holding study and
the foregoing analysis provide evidence that transportation of spring chinook
salmon c¢could 1Increase survival of juveniles 1leading to 1increased adult
returns.

We do not believe that the mortality levels measured during this study
mirror absolute values that occur under natural conditions. The extended
seawater rearing method attempts to match under laboratory conditions some of
the conditions (seawater residence) that these fish would experience after
release. It might be argued that the fish in tanks are confined and that this
confinement may reduce survival. This could be offset by the fact that
confined fish are not exposed to predators. The ocean-reared fish may have an
advantage in receiving natural foods--the trade-off for the test fish is that
they are continually well-fed. Although the extended seawater rearing
conditions are not identical to those experienced by ocean-reared fish, they
are sufficiently similar fo estimate relative survival.

In summation, the data, together with the performance of the
recirculation system, suggest that this method can successfully detect

previous differential stresses associated with passage of spring chinook
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salmon smolts through dams. The data further imply that exacerbation of
sub-clinical BKD infections by chronic seawater adaptation stresses is the

dominant effect on these fish whether collected and transported or not.
CONCLUSIONS AND RECOMMENDATIONS

1. Survival of transported spring chinook salmon in 1983 and transported
steelhead in 1984 appears to be good. However, a cont;‘ol group for each
species 1is necessary to provide definitive assessment of the merits of
transportation each year.

2, Results of the extended seawater rearing study suggest that
exacerbation of sub-clinical BKD infections associated with the stress of
seawater adaptation is the dominant factor limiting survival of upriver spring
chinook salmon stocks. We strongly recommend that this study be repeated and

the results confirmed.
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Appendix Table 1. Fork lengths, uei?hts, descalina, BKD lesion and IFAT rankings, and pinheads by
date, tank nusber, and test group of individual mortalities durigg extended artificial seawater holding study
at Lower Granite Dam, 1985.

Mort. Tank Date Test Group - Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (am) (g) lesions®? IFAT®?

{ 7 fpr 27 Transport 1135 16 no 3 -1 no
2 3 fpr 27 Transport 118 17 no 3 -1 no
3 i fipr 29 Pre-separator 188 13.3 no 3 -1 no
4 9 fipr 38 Marked Transp. 118 18 no 1 4 no
3 1 fpr 18 Pre-separator 122 17.9 no 3 -1 no
[ 12 May 2 C-Slot e 14.1 yes 1 4 no
7 1 Hay 2 Pre-separator 98 18.8 no i 4 no
8 i@ Hay 2 £-Slot 13 18 no i 4 no
g 3 May 2 Transport 95 18.4 no 3 -1 no
18 2 May 2 Transport 98 11,3 yes 3 4 no
i1 1 Nay 2 Pre-separator 17 16.7 no 3 4 no
12 18 Nay 3 L-Slot 182 14.4 yes i 4 no
13 3 Nay 4 Marked Transp. 133 25.7 no 3 -1 no
14 8 Nay 3 Marked Transp. 128 28.4 no 3 -1 no
15 7 Nay 35 Transport 138 4.3 no 3 -1 no
23 & Nay & £-Slo 188 92.8 no 2 4 no
24 1 May b Pre-separator 158 41.8 no 3 1 no
23 i1 May 7 Pre-separator 138 22.8 no 3 -1 no
26 8 May 7 Marked Transp. 185 68.8 _no 3 | no
27 2 May 7 Transport 173 al.4 no 2 { no
28 3 May 7 Marked Transp. 143 3.1 no 3 { fno
29 7 May 8 -Transport 128 14,1 yes 3 - no
38 i1 Nay 8 Pre-separator 135 32,6 no 3 -1 - no
3 11 Hay 8 Pre-separator 135 22.9 no 1 4 no
32 5 Hay 8 Transport 95 9.3 no 3 2 .no
3 1" May ¢ Pre-separator 1135 12,4 no 1 4 no
34 1 May 9 Pre-separator 125 24,8 no 3 =1 no
35 7 Hay {8 Transport 118 12 no 3 -1 no
36 9 May 11 Narked Transp, 128 15.4 no 2 1 no
37 & May 14 C-Slot 143 26.4 yes 1 4 ‘no
38 11 Nay 14 Pre-separator 128 13.6 no 2 1 no
39 3 Hay 14 Marked Transp. 123 18.9 neo 1 4 no
48 4 Hay 15 Pre-separator 128 15.3 no I 4 no
L) 12 _ May 17 C-5lot 113 16.3 yes 1 4 no
42 b May 17 C-Slot 115 12.8 yes 1 4 ‘no
44 8 May 18 Harked Transp. 135 21.2 no 1 4 no
45 b Nay 18 C-5lot 115 16.1 - yes 1 4 no
4 9 May 19 Narked Transp. 128 17 no 1 4 yes
47 9 Nay 28 Narked Transp., 185 Sl.b no 1 4 no
L] 3 May 21 Transport 93 4.5 7 3 -1 yes
49 5 Hay 21 Transport 175 4.1 no 1 4 no
38 2 May 21 Transport 115 12.6 yes | 3 ne
3 1 Nay 21 Pre-separator 128 18.6 no i L no
a2 b May 21 C-Slot 128 16.7 yes 3 -1 no
33 b Nay 23 C-Slot 125 18.8 yes { -1 no
34 12 May 24 C-Slot 138 19.5 no i 4 no
33 7 Hay 24 Transport 145 31.4 ne 2 2 no
3% 4 Nay 24 Pre-separator 133 21.9 no i 3 no
57 3 Nay 24 Marked Transp. 138 18 no 1 2 no
38 3 Nay 24 Narked Transp. 158 28.5 no 1 4 no
39 3 May 25 Marked Transp. 95 5.3 no 3 | yes
48 3 May 25 Marked Transp. 120 18.4 no 2 1 ne
61 3 May 25 Narked Transp. 125 141 no 1 4 no
62 8 Nay 26 Narked Transp. 147 21,8 no i 4 no
83 i1 May 26 Pre-separator 135 11.7 no 1 4 zes
64 7 May 27 Transport 183 11,3 no 1 4 2?
65 8 Nay 28 Marked Transp. 125 14.2 no 1 4 yes
b6 & May 28 £-Slot 143 24.3 ne 3 2 no
67 4 May 28 Pre-separator 143 24 no 1 4 no
48 1 Nay 28 Pre-separator 1135 13 no i 4 no
89 3 May 28 Marked Transp. 125 17.9 no 1 § no
78 1 May 29 Pre-separator 138 28.2 no 1 4 no
71 3 Hay 29 Transport 1135 12.8 no 1 4 no
72 9 May 30 Marked Transp. 125 16.7 no i L no
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fppendix Table 1.  {Cont.) Fork lengths, weights, descaling, BKD lesion and IFAT rankings, and pinheads by

date, tank nusber, and test group of individual sortalities during extended artificial seawater holding study
at Lower Branite 63:, 1983, '

Mort. Tank Date Test Broup Fork Weight  Descaling BKD BKD Pinhead
No. No. Length (ma) . (g} lesions®’ IFAT®?

73 9 May 38 Marked Transp. 128 19.1 no i 4 no

14 9 Nay 38 Marked Transp. 125 16,3 no 1 4 no

75 6 Nay 38 C-Slot {13 13.5 no | 3 no

16 18 May 31 C-5let 138 19.8 no i 4 no

77 4 Hay 31 Pre-separator 125 14.6 no i 4 no

78 { May 3t Pre-separator 128 16,3 no t § no

79 2 Jun 1 Transport 128 14.4 no i 4 no

88 3 Jun 1 Marked Transp. 125 13.1 no 1 4 no

a1 4 Jun 1 Pre-separator 178 43.1 no i 4 no

82 3 dun 1 Transport 143 26.8 o 1 4 no

83 8 Jun 1 Narked Transp, 118 18,2 no 2 2 yes
a4 8 Jun 1 Narked Transp. 168 38.8 no 1 4 no

85 9 Jun 1 Marked Transp. 128 13.5 no 2 4 no

8 1@ dun | L-8lot 125 17.1 no { 4 no

87 it Jun 1 Pre-separator 125 16.2 no 1 ] no

a9 8 Jun 2 Marked Transp. 148 19.2 no { 4 no

98 8 Jun 2 Marked Transp. 153 28,1 no 1 4 no

91 i Jun 2 Pre-separator 148 37.8 no { 3 no

92 L dun 2 Pre-separator 138 15.3 no 1 4 no

93 § Jup 2 Pre-separator 181 3.3 no 3 -1 yes
94 10 Jun 3 L-Slot 93 3.3 ne 3 -1 yes
93 9 Jun 3 Marked Transp. 118 13.1 no 3 -l no

96 8 Jun 3 Marked Transp. 126 15.2 no 1 4 no

97 4 Jun 3 Pre-separator 158 28.3 no 2 4 no

98 3 Jun 3 Transport 95 6.2 no 3 -1 yes
99 3 Jun 3 Transgort 147 38.3 no 2 -1 no

108 12 Jun 4 £-Slo 127 19.2 no | ] no

1l 12 Jun 4 C-Slot 123 15.9 no { 4 no

102 11 Jun 4 Pre-separator 150 38.5 no i 4 no

183 8 Jun 4 Marked Transp. 98 3.8 no 3 1 yes
104 b Jun 4 L-Slot 95 5.2 no 3 B yes
185 2 Jun 4 Transport 128 16.1 no { 4 no

186 3 Jun 4 Marked Transp. 133 17.2 no | 4 no

187 4 Jun 4 Pre-separator 113 12.1 no i 4 no

108 3 Jun 4 Transport 123 16.9 no 2 4 no

189 18 Jun 3 L-5lo 143 17.3 no 1 4 no

114 9 Jun 5 Marked Transp. 138 19.2 no 2 § no

11 1 Jun 3§ Pre-separator 93 3.3 no 3 1 yes
112 3 Jun 5 Transport 98 3.2 no 3 2 yes
113 i Jun 3 Pre-separator 138 28.1 no i 4 no

114 1 Jup 5 Pre-separator 135 29 no | 4 no

13 12 dun & C-Slot 135 22.9 no 1 4 no

116 12 Jun & C-5lot 138 28.2 no 1 L no

17 8 Jun & Marked Transp. 118 14.3 no i 4 no

118 6 Jun & £-Slot 135 23.8 no { 4 no

119 & Jun & £-5lot 138 19,5 no 1 4 no

128 2 dun 6 Transport 138 0.5 no ! 4 no

124 2 Jun 6 Transgort 123 16.7 no i 4 no

122 [ Jun 7 L-Slo 135 26.7 no 1 4 no

123 4 Jun 7 Pre-separator 138 20.2 no 1 4 no

124 11 Jun 8 Pre-separator 138 16.2 no i 4 no

125 b Jun B L-Slot 135 22.7 no 1 § no

126 i Jun B Pre-separator 135 22.3 no 1 4 ne

127 3 Jun 8 Transport 133 29.1 no 3 8 no

128 i1 Jun 8 Pre-separator 158 32.8 no 1 4 no

129 b Jun 8 L-Slot 113 14,2 no 1 4 no

138 9 Jun 8 Marked Transp, 128 15.4 no 1 4 no

131 12 Jun 9 L-S5lot 140 20.3 no 1 4 no

132 11 Jun 9 Pre-separator 132 19.8 no i 4 no

133 18 Jun 9 C-Slot 161 28.7 no 1 4 no

134 9 Jun 9 Marked Transp. 113 6.7 no 3 2 yes
133 { Jun 9 Pre-separator 158 4.9 no 1 4 no

136 7 Jun 9 Transport 111 6.7 no 3 8 yes
137 7 Jun 9 Transport 9% 5.8 no 3 2 yes
138 3 Jun 9 Transport 189 6.2 no 3 2 yes
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Appendix Table 1.

{Cont.)

Fork lengths, wei

hts, descaling, BKD lesion and IFAT rankings, and pinheads by

date, tank nusber, and test group of individual mortalities during extended artificial seawater holdiag study
at Lower branite ban, 1985.

Mort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (ma) {g) lesions®’  [FAT®?

139 8 Jun 18 Narked Transp. 128 16.8 no 3 1 no
149 b Jun 18 C-Slot ' 138 28.1 no 1 4 no
141 2 Jun 18 Transport {13 12.8 no i 4 no
142 3 Jun 18 Marked Transp. 133 21.4 no { 4 no
143 4 Jun 18 Pre-separator 188 18.3 no 3 -1 no
144 3 Jun 1B Transgort 118 18.7 no i 4 no
145 12 Jun 11 £-Slo 125 16,5 no { 4 no
144 3 dun i1 Narked Transp. 18e 4.4 no 3 1 yes
147 3 Jun 11 Transport 135 26.8 no 2 4 no
148 3 Jun 11 Transport 189 9.8 no i 1 yes
149 9 Jun 12 Marked Transp. 148 25.6 no | 4 no
158 8 dun 12 Marked Transp. 98 8.8 no 3 -1 yes
151 2 Jun 12 Transport 135 29.4 no 2 1 no
152 2 Jun 12 Transport 128 19.9 ne 2 -1 no
133 3 Jun 12 Transport 125 28.2 no 1 4 no
154 2 Jun 12 Transport 100 8.7 no 3 i yes
135 7 dun 12 Transport 125 21.2 no 1 4 no
136 3 Jun 12 Transport 158 39.8 no | 4 no
157 1 Jun 13 Pre-separator 9 4.3 no 3 i yes
138 1 Jun 13 Pre-separator 93 1.2 no 3 8 yes
159 i Jun 13 Pre-separator 128 15.4 no 1 4 ne
160 3 Jun 13 Transport 95 4.8 no 3 4 yes
161 2 dun 13 Transport 110 14.3 no 2 -1 no
162 3 Jun 14 Marked Transp. 185 7.3 no 2 3 yes
163 i1 Jun 14 Pre-separator 95 6.4 no 2 2 yes
164 11 dun 14 Pre-separator 145 24.9 no i 4 no
163 9 Jun 14 Narked Transp. {1e 8.4 no 3 2 yes
166 9 Jun 14 Marked Transp. = 143 21.8 no 3 4 no
167 8 Jun 14 Marked Transp. 148 25.5 no i 4 no
168 1a Jun 14 C-Slot 125 19.6 no 2 4 no
169 12 Jun 14 C-5lot 143 30.4 no i 4 no
178 19 Jun 135 L-Slot 178 44.5 ne 1 4 no
17 { Jun 13 Pre-separator 148 30.5 no 3 -1 no
172 1 Jun 15 Pre-separator 115 14.8 no 2 4 no
173 2 Jun 15 Transport 135 28.8 no 2 i no
174 2 Jun 15 Transport 125 17.9 no { 4 na
175 3 Jun 15 Narked Transp, 95 6.8 no | 4 yes
176 3 Jun 15 Transport 118 9.7 no 2 4 yes
177 5 Jun 15 Transport 158 28.8 no 1 4 no
178 2 Jun 15 Transport 128 18.9 no 2 2 no
179 3 Jun 15 Narked Transp. 123 17.7 no i 4 no
188 12 Jun 135 C-Slot 128 no data no i 4 no
181 2 Jun 16 Transport 148 23.4 no 2 4 no
182 3 Jun 18 Transport 135 23.4 no i 4 no
183 9 Jun 17 Marked Transp. 148 22,2 no 3 3 no
184 7 Jun 17 Transport 98 1.3 no 2 4 yes
183 18 Jun 18 C-Slo 138 3.3 no 2 -1 no
184 i Jun 18 Marked Transp. 125 18.6 no 1 4 no
187 8 Jun 18 Marked Transp. 135 21.5 no 3 | no
188 2 Jun 18 Transport 138 27.2 no { 1 no
189 4 Jun 18 Pre-separator 138 18.8 no i 4 no
19@ 4 Jun 18 Pre-separator 138 2.9 no 3 8 no
191 18 Jun 19 £-5lot 138 19.3 no i 4 no
192 2 Jun 19 Transport 138 .4 no 3 -1 no
193 2 Jun 19 Transport 148 23.5 no i 4 no
194 2 Jun 19 Transport 93 9.7 no 3 2 yes
195 i1 Jun 28 Pre-separator 118 12.2 no i 4 no
194 9 Jun 28 Marked Transp. 118 1.6 no i 4 no
197 8 Jun 28 Marked Transp. 143 38.8 no 1 4 no
198 2 Jun 28 Transport 133 31.3 no 2 i no
199 3 dun 28 Marked Transp. 93 3.5 no 3 i yes
200 11 Jun 21 Pre-separator 93 7.1 no 1 4 yes
281 b dun 21 L-5let 128 13.9 no 3 -1 no
282 2 Jun 21 Transport 125 16.9 no 2 4 no
283 2 Jun 21 Transport 138 27.2 no 2 -1 no
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endix Table 1,
e, tank nusber

sortalities

{Cont.) Fark length_s,_uei?hts, descaling, BKD lesion and IFAT rankings, and pinheads by
and test group of individua

uring extended artificial seawater holding stud
at Lower Branite bal, 1985, ! ! Y
Nort. Tank Date Test Broup Fork Weight  Descaling BKD BKD Pinhead
No.  Neo. Length {ma) (g} lesions®’  [FAT®?
204 2 Jun 21 Transport 85 3.2 no 3 8 es
205 3 Jun 21 Transport 93 7.6 no 3 -1 ;es
286 12 Jun 22 £-Slo 145 25.2 no i 4 no
207 i1 Jun 22 Pre-separator 118 7.3 no 3 i yes
288 18 Jun 22 £-8lot 113 10.4 no 3 -1 yes
209 2 Jun 22 Transport k] ] 3.4 no 3 -1 yes
218 2 Jun 22 Transport 135 26.9 no 2 -1 no
211 2 Jun 22 Transport 148 36.8 no 2 -1 no
212 5 dun 22 Transgort 125 25.9 no i 1 no
214 12 Jun 23 L-Slo 188 6.1 no 3 -1 yes
213 9 Jun 23 Marked Transp. 155 24.5 no i 3 no
216 8 Jun 23 Marked Transp. 128 10.8 no 2 4 no
27 2 Jun 23 Transport 138 16.8 no 2 -1 no
218 7 Jun 23 Transport 138 28.2 no 2 2 no
219 9 Jun 24 Marked Transp, i@ 9.8 no i ] no
228 3 Jun 24 Transport 133 29.3 no 2 2 no
21 ] Jun 24 Transport 113 12.9 no i 4 no
222 9 Jun 23 Narked Transp. 188 8.8 no 3 -1 no
23 2 Jun 25 Transport 125 2.1 no 2 2 no
224 2 Jun 23 Transport 138 21.9 no { ] no
225 4 Jun 23 Pre-separator 153 3.6 no 1 4 no
226 2 Jun 23 Transport 168 45.9 no i 1 no
227 6 Jun 25 L-5le 138 9.8 no 3 -1 no
228 7 Jun 25 Transport 128 15.5 no 1 2 no
229 9 Jun 25 Narked Transp. 185 9.0 no { 4 yes
230 8 Jun 25 Narked Transp. 114 8.3 no 3 -1 yes
231 7 Jun 25 Transport 95 6.8 no 2 4 yes
232 9 Jun 26 Narked Transp. 143 27.8 no i 4 no
233 ] Jun 26 Pre-separator 163 41.4 no 1 4 ne
234 4 Jun 26 Pre-separator 148 28.7 no i 4 no
235 9 Jun 27 Marked Transp. 148 28.5 no i 4 no
236 b Jun 27 C-Slot 138 19.2 no 2 -1 no
237 i Jun 27 Pre-separator 148 28.1 no i § no
238 2 Jun 27 Transport 134 23.2 no 2 2 no
239 2 dun 27 Transport 148 33.5 no 2 -1 no
240 7 dun 27 Transport 133 25.1 no | 4 no
41 8 Jun 27 Marked Transp. 130 17.7 no 3 4 no
242 2 Jun 28 Transport 93 8.6 no 3 -1 yes
243 8 Jun 29 Marked Transp, 183 1.5 no 1 4 no
244 2 Jun 29 Transport 141 33.3 no 1 4 no
245 2 Jun 29 Transport 125 24.5 no 1 { no
245 3 Jun 29 Marked Transp. 128 13.8 no { 4 no
247 3 Jun 29 Marked Transp. 183 9, no { 4 yes
48 9 Jun 29 Marked Transp. 125 17.8 no i 4 no
289 i dun 29 Pre-separator 143 24.4 no { 4 no
2508 8 Jun 38 Marked Transp. 133 28.1 no 3 4 no
251 i Jun 38 Pre-separator 188 6.4 no 3 8 yes
252 2 Jun 38 Transport 154 3.1 no 3 g no
253 7 Jun 38 Transport 175 58.8 no 2 -1 no
254 7 Jun 38 Transport 166 43.6 no i 4 no
255 ] Jun 38 Transport 144 18.4 no | 4 no
256 2 Jul 1 Transport 145 0.4 no i 4 no
257 9 Jul 1 Marked Transp. 184 8.6 no 1 4 yes
258 9 Jul 1 Marked Transp. 148 23.7 no 1 4 no
259 4 Jul Pre-separator a5 3.4 no 3 -1 yes
260 3 Jul 2 Marked Transp. 143 38.2 no i 2 no
261 3 Jul 2 Marked Transp. 117 12.1 no i 4 no
262 2 Jul 2 Transpert 148 33.5 no i 4 no
263 5 Jul 3 Transport 148 24.8 no 1 4 no
264 3 Jul 3 Marked Transp. 137 26.4 no i 4 no
265 10 Jul 3 £-Slot 117 9.9 no 3 -1 yes
266 2 Jul 3 Transport 137 331 no 1 i no
267 6 Jul 3 C-5lot 162 38.2 no 1 § no
268 1 Jul 4 Pre-separator 137 17.6 no { 4 no
269 3 Jul 4 Marked Transp. 128 19.3 no i L no
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Appendix Table 1.  (Cont.) Fork lengths, uei?hts, descalina, BKD lesion and IFAT rankings, and pinheads by
dage, tank nusber, and test group of individual mortalities during extended artificial seawater holding study
at Lower Granite Dam, 1985.

Mort. Tank Date Test Sroup Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (ma) {g) lesions®’  IFAT®?

278 9 Jul 4 Marked Transp. 97 3.3 no 1 4 yes
271 2 dul 3 Transport 118 14.8 no 2 3 no
272 3 Jul 3 Narked Transp. 142 209 no 1 4 no
273 3 Jul 3§ Transport 188 9.3 no 2 -1 no
274 7 Jul 3§ Transport 117 18.5 no i 4 no
275 1 Jul & Pre-separator 108 9.8 no 1 4 no
276 i Jul & Pre-separator 118 8.8 no i 4 no
277 2 Jul 6 Transgurt 108 8.3 no i 4 no
278 b Jul 6 C-Slo 97 8.5 no 3 i no
279 2 Jul & Transport 188 1.3 no 1 2 noe
280 i1 Jul 7 Pre-separator 147 2.1 no { 4 no
281 9 Jul 7 Narked Transp. 148 16.5 no 1 4 no
282 3 Jul 7 Marked Transp. 118 18.8 no 1 4 yes
283 3 Jul 8 Transport 118 1.4 no 3 1 no
284 2 Jul 8 Transport 138 30.8 fio i 4 no
285 2 Jul 8 Transport 119 15.8 no 2 1 no
286 8 Jul 9§ Marked Transp. 128 16.9 no 3 2 no
287 4 Jul 9 C-Slet 185 9.3 no 3 -1 yes
288 2 Jul 9 Transport 130 5.8 no 2 ] no
289 3 Jul % Narked Transp. 148 21.3 no { 4 no
298 7 Jul 9 Transport 148 27.8 no { 4 no
291 7 Jul 9 Transport 148 24,5 no 1 4 no
292 3 Jul 9 Transport 128 14.0 no | 4 no
293 3 Jul 18 Marked Transp. 130 28.8 no i 4 no
294 3 Jul 18 Marked Transp. 139 21.5 ‘no i 4 no
295 3 Jul 18 Transport 150 34.7 no 3 ] no
296 12 Jul 18 C-Slo 145 23.4 no | 4 no
297 8 Jul 18 Marked Transp. 125 12.6 no 1 4 no
298 2 Jul 11 Transport 147 34.5 no 2 1 no
299 2 Jul 11 Transport 128 12.8 no 1 4 no
38 2 Jul 11 Transport 135 43.4 ne 2 i no
381 8 Jul 11 Marked Transp. 118 12.1 no 1 4 na
382 B8 Jul 11 Narked Transp. 118 18.4 no 1 4 no
383 9 Jul 11 Marked Transp. 128 14,5 no 1 4 no
304 9 Jul 11 Marked Transp. 185 6.7 no 3 4 yes
385 12 dul 11 C-Slat 128 15.2 no 1 4 no
386 4 Jul 11 Pre-separator 188 1.4 no 3 -1 no
387 7 Jul 11 Transport 145 26,8 no 1 4 no
308 3 Jul 12 Transgort 128 13.8 no | 4 no
389 12 Jul 12 L-Slo 138 23.8 ne 1 4 no
310 8 Jul 12 Marked Transp. 138 2.1 no i 4 no
31 1 Jul 12 Pre-separator 182 8.3 no 3 -1 yes
312 | Jul 12 Pre-separator 138 19.7 no 1 4 no
33 7 Jul 13 Transport 118 12.1 no | 4 no
314 7 Jul 13 Transport 138 15.2 no { 4 no
315 7 Jul 13 Transport 118 11.2 no { 4 no
316 3 Jul 13 Transport 138 31.3 no 2 3 no
7 3 Jul 13 Marked Transp. 118 12.3 no 1 4 no
318 18 Jul 13 C-Slot 138 19.7 no 2 4 no
319 18 Jul 13 C-Slat 133 21.4 no 1 4 ne
328 8 Jul 13 Marked Transp. 148 28.4 no i 4 no
324 1 Jul 13 Pre-separator 138 21.5 no 1 4 no
322 i1 Jul 14 Pre-separator 117 9.5 no 1 4 no
323 8 Jul 14 Marked Transp. 158 18.8 no 2 4 no
324 2 Jul 14 Transport 185 j8.8 no 1 | no
325 9 Jul 15 Marked Transp. 178 281 no 2 -1 no
326 8 Jul 15 Harked Transp, 134 18.6 no i 4 no
327 y4 Jul 15 Transport 138 22,2 no 2 1 no
328 3 Jul 15 Marked Transp. 115 13.2 no 1 4 no
329 9 Jul 16 Marked Transp. 138 19.9 no i 4 no
338 2 Jul 16 Transport 115 19.9 no 2 -1 no
331 2 Jul 16 Transport 143 41.1 ne t i no
332 {1 dul 17 Pre-separator 138 17.3 no | 4 no
333 8 Jul 17 Marked Transp. 135 28.7 no 1 4 no
334 8 dul 17 Marked Transp, 15 12.9 no 1 4 no
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Appendix Table 1,

{Cont.) Fork lengths, wei

hts, descalina, BKD lesion and IFAT rankings, and pinheads by

date, tank nusber, and test group of individual mortalities during extended artificial seawater holding study
at Lower Branite 6al, 1985,

Nort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (am) {g) lesions®’  IFAT®?

335 8 Jul 17 Marked Transp. 148 5.4 no 1 4 no
336 3 Jul 17 Marked Transp. 125 15.4 no i 4 no
337 10 dul 17 C-Slot 138 19.7 no ! 4 no
338 7 Jul 17 Transport 113 15.4 no i 4 no
339 i1 Jul 1B Pre-separator 150 25.8 no 1 4 no
348 8 Jul 18 Marked Transp. 138 19.9 no 1 L] no
34 3 Jul 18 Marked Transp. 85 4.8 no 3 -1 yes
342 3 Jul 18 Marked Transp. 125 12,7 no 1 4 no
3 7 Jul 18 Transport 145 28.9 no 1 4 no
344 5 Jul 18 Transgort 150 24.4 no i 4 no
345 12 Jul 19 E-Slo 125 15.4 no { 4 no
346 i Jul 19 Pre-separator 133 18.3 no 1 4 no
47 11 Jul 19 Pre-separator 138 19.1 no | 4 no
348 2 Jul 19 Transport 185 11.5 ne 2 2 no
349 3 Jul 19 Marked Transp. 115 11,3 no 2 { no
358 3 Jul 19 Marked Transp. 138 21,4 no 1 3 no
351 18 Jul 28 -Slot 135 23.3 no 2 2 no
332 8 Jul 28 Marked Transp, 138 18.1 no { ] no
353 2 Jul 28 Transport 125 18.2 no 3 4 no
354 5 Jul 28 Transport 118 18.2 no { 4 no
355 12 Jul 2t £-Slo 148 19.8 no i ) no
336 12 Jul 21 C-Slat 143 21.7 no 1 4 no
357 12 Jul 21 C-Slot 137 13.4 no 1 ] no
358 12 Jul 21 C-Slot 151 2.3 no | ] no
359 i1 Jul 2 Pre-separator 164 25.6 no 1 4 no
368 1@ Jul 21 C-Slot 148 2.6 no { 4 no
361 18 Jul 21 L-Slot 133 17.4 no 2 3 no
362 9 dJul 21 Marked Transp. 123 12.4 no { 4 no
363 2 dul 21 Transport 128 16,3 no t 4 no
364 3 Jul 21 Marked Transp. 184 4.8 no 3 -1 yes
3635 3 Jul 21 Marked Transp. 129 19.8 no 3 i no
366 1 Jul 21 Transport 142 20.8 no i 4 ng
367 3 Jul 24 Transport 160 35.1 no | i no
369 12 dul 22 C-Slot 133 28.2 no { 4 no
378 it Jul 22 Pre-separator 183 18.8 no 1 4 no
3t 18 Jul 22 C-Slot 135 36.9 no 1 4 no
372 8 Jul 22 Marked Transp.  .128 12.9 no i 4 no
33 3 Jul 22 Transport 168 36.2 no i 4 no
374 3 Jul 22 Transport 138 28.4 no | 4 no
375 3 Jul 22 Transport 155 39.2 o 1 -1 no
376 i1 Jul 23 Pre-separator 135 23.5% no 1 4 no
377 9 Jul 23 Marked Transp. 113 12,2 no i 4 no
378 3 Jul 23 Marked Transp. 128 12.4 no 1 4 no
379 3 Jul 23 Narked Transp. 158 35.9 no 1 4 no
380 § Jul 24 Harked Transp. 138 27.4 no 1 L) no
3at 2 Jul 24 Transport 138 23.8 no { 4 no
382 2 Jul 24 Transport 148 36.7 no 1 i no
383 3 Jul 24 Marked Transp. 123 14,3 no 3 2 no
384 7 Jul 24 Transport 138 19.2 no 2 4 no
385 12 Jul 25 E-5lo 135 .6 no t 4 no
386 12 Jul 25 C-Slot 145 28.5 no 1 L] no
387 9 Jul 23 Marked Transp. 143 21.9 no i 4 no
388 8 Jul 25 Marked Transp. 135 21.7 no i 4 no
389 8 Jul 25 Marked Transp. 148 22,4 no 1 4 no
398 8 Jul 25 Marked Transp, 113 12.8 no i 4 no
391 2 Jul 23 Transport 148 35,1 no 2 -1 no
392 4 Jul 23 Pre-separator 185 7.3 no { 4 no
393 4 Jul 25 Pre-separator 13 11,9 no i 4 no
394 5 Jul 25 Transport 163 38.3 no 1 1 no
395 4 Jul 25 Pre-separator 108 7.9 no 3 | yes
396 i1 Jul 24 Pre-separator 185 8.6 no 1 4 yes
397 8 Jul 26 Marked Transp. 1835 9.3 no | 4 yes
398 8 Jul 26 Marked Transp. 128 14,5 no 2 4 no
399 8 Jul 26 Marked Transp. 138 19.4 no 1 3 no
408 b Jul 26 C-8lot 168 26,5 no 1 4 no
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fppendix Table 1.  (Cont.) Fork lengths, uei?hts, descaling, BKD lesion and IFAT rankings, and pinheads by
ur

date," tank rmllwr6 and test group of individual sortalities
3

ing extended artificial seawater holding study

at Lower Granite Dam, 1983.

Hort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. ' Length (am)  {g) lesipns®’  IFAT®?

481 1 Jul 26 Pre-separator 123 28.6 no 1 2 no
482 3 Jul 26 Narked Transp. 118 14.2 no 1 4 no
483 3 Jul 26 Marked Transp. 128 1.8 no 3 2 no
404 3 Jul 26 Marked Transp. 122 15.8 no 3 i no
483 3 dul 26 Transport 183 8.5 no i 4 yes
486 3 Jul 26 Transport 128 15.5 no i 4 no
A97 1 Jul 26 Pre-separator 128 4.8 no 2 -1 no
408 3 dul 26 Narked Transp. 125 16.7 no 1 ] no
409 14 Jul 27 Pre-separator 185 1.7 no 3 2 yes
418 i Jul 27 Pre-separator 148 28.4 no i 4 no
411 18 Jul 27 [-Slot 148 24.6 no 1 ] no
412 9 Jul 27 Marked Transp, 115 12.3 no 1 4 no
413 8 Jul 27 Marked Transp. 125 17.2 no | 4 no
A4 i Jul 27 Pre-separator 128 15.8 no 2 i no
4135 2 Jul 27 Transport 123 15.8 no i 4 no
44 3 Jul 27 Marked Transp. 183 8.7 no 3 i yes
417 4 Jul 27 Pre-separator 135 28.1 no { 4 no
418 3 Jul 27 Transport 115 14.1 no i 4 no
419 7 dul 27 Transport 138 27.8 no 2 -1 fno
428 7 Jul 27 Transport 120 15.8 no 2 3 no
421 7 Jul 28 Transport 156 26.6 no 1 4 no
422 & Jul 28 C-Slog 1435 19.6 no 1 4 no
423 8 Jul 28 Marked Transp. 132 4.1 no 1 4 no
424 8 Jul 28 Harked Transp. 127 13.8 no 1 4 no
425 i1 Jul 28 Pre-separator 149 24.8 no 2 4 no
426 i1 Jul 28 Pre-separator 132 12.3 no 1 4 no
427 12 Jul 29 C-Slot 138 21.4 no { 4 no
428 12 Jul 29 C-Slot 183 9.6 no 3 i no
429 18 Jul 29 L-Slot 188 6.8 no 3 1 yes
438 8 Jul 29 Marked Transp. 125 18.2 no i 4 ne
431 2 Jul 29 Transport 118 13.7 no 2 2 no
432 2 Jul 29 Transport 113 14.7 no 1 4 no
433 2 Jul 29 Transport 113 17.3 no 2 -1 no
434 3 Jul 29 Marked Transp. 123 16.6 no | 2 no
435 4 Jul 29 Pre-separator 113 1.7 no 3 2 no
435 18 Jul 29 C-Slat 118 8.6 no 1 4 yes
437 9 dul 29 Marked Transp. 128 14.2 no 3 3 no
438 4 Jul 29 Pre-separator 185 8.4 no 3 3 yes
139 9 Jul 38 Marked Transp. 148 31.9 ne 2 i no
440 9 Jul 38 Narked Transp. 148 23.5 no 1 4 no
441 9 Jul 38 Harked Transp. 138 24.2 no 1 4 fo
442 8 Jul 38 Marked Transp. 125 13.3 no i 4 no
443 6 Jul 38 C-5lot 118 8.9 no i 4 yes
444 i Jul 38 Pre-separator 135 1.8 no 1 4 no
445 8 dJul 38 Marked Transp. 165 42.9 no ! 4 no
436 3 Jul 31 - Narked Transp. 125 13.6 no 2 3 no
447 4 Jul 31 Pre-separator 135 22.2 no i 4 no
48 3 dul 31 Transport 185 i1.1 na i 4 yes
449 3 dul 3t Transport 1835 8.1 no 3 -1 yes
450 3 Jul 3t Transgort 143 24.9 no { 4 no
431 12 fug | £-5lo 123 28.1 no 1 4 no
452 12 fug 1 C-5lot 148 28.6 no t 4 no
433 1 Aug 1 Pre-separator 133 23.3 no 1 4 no
454 11 fug 1 Pre-separator 125 17.3 no | 4 no
455 18 Aug ! C-Slot 123 17.5 no 1 4 no
456 ¥ fug | Marked Transp. 135 17.5 no 1 4 no
457 9 flug 1 Marked Transp. 125 17.8 no 1 1 no
458 & flug 1 C-Slot 132 19.8 no i 4 no
459 6 fug 1 L-Slot 128 13.1 no 2 3 no
468 3 fug 1 Transport 158 32.6 no i 4 no
451 7 fug | Transport 125 28.9 no 1 4 ne
462 12 fiug 2 C-5lo 158 38.2 no 1 4 no
463 i Aug 2 Pre-separator 138 23.4 no 1 2 no
464 8 flug 2 Marked Transp. 135 25.2 no 1 4 no
465 & Aug 2 C-5lot 125 15.6 no 1 2 ne
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Apgendzx Table 1. (Cont.) Fork lengths, weights, descaling, BKD lesion and IFAT rankings, and pinheads by
date, tank nusber, and test group of individual sortalities during extended artificial seawater holding study
at Lower Branite bal, 1985.
Mort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (ea) (g} lesions®?  [FAT®
466 6 Aug 2 C-5lot 145 31.8 no i 4 no
467 b fug 2 C-Siot 145 28.4 no 1 4 no
468 ! fug 2 Pre-separator 185 9.1 no i 2 yes
469 2 Aug 2 Transport 118 2.8 no 2 2 yes
478 2 fug 2 Transport 133 21.8 no 2 -1 no
471 3 Aug 2 Narked Transp. 145 25.7 no ! 4 no
72 3 Aug 2 Marked Transp, 138 19.4 no 1 L no
473 3 Aug 2 Transport 183 18.6 ne i 4 yes
474 7 fug 2 Transgort 133 4.2 no 2 4 no
475 18 Aug 2 -5l 153 35.4 no 1 4 o
476 11 Aug 3 Pre-separator 135 27.5 ne { 3 no
477 9 Aug 3 Narked Transp, 98 3.3 no 2 t yes
478 9 fug 3 Marked Transp. 125 14.0 no 2 -1 no
479 8 fug 3 Marked Transp. 115 {1.6 no 1 3 yes
480 b Aug 3 C-Slot 125 14.5 no i 4 no
481 6 Aug 3 C-Slot 153 29.4 no { 4 no
482 b Aug 3 C-Slot 128 14.1 no 1 4 no
483 3 fug 3 Marked Transp. 135 18.8 ne { 4 no
484 3 fug 3 Narked Transp. 123 14.9 no { ] no
485 3 fug 3 Transport 148 21,3 no 1 4 no
484 7 fug 3 Transport 133 18.6 no 1 4 no
487 8 fug 3 Narked Transp. 148 22,3 no 1 ] no
488 3 Aug 4 Transport 13 25.8 no 1 4 no
489 ] fug 4 Transport 148 26.2 no 2 -1 ne
490 7 fug 4 Transport 154 32.2 no 1 4 no
491 4 fug 4 Pre-separator 17 9.8 no 2 4 yes
492 8 fug 4 Marked Transp. 164 25.9 no 1 4 no
493 9 fug 4 Narked Transp. 152 23.6 no 1 4 no
494 18 Aug 4 C-Slot 135 18.4 ne 1 4 no
495 18 Aug 4 C-Slat 164 30.4 no i ] no
496 i fug 4 Pre-separator 153 29.8 no i 4 no
497 12 Aug 4 L-Stot 149 28.8 no 1 4 no
498 i fug S Pre-separator 98 6.8 no { 4 yes
499 i1 fug 5 Pre-separator 13 9.1 no 3 2 yes
See 9 Aug 5 Marked Transp. 110 9.3 no 3 -1 yes
581 & fug 5 C-Slot 138 18.7 no 1 4 no
382 b fug 5 C-5tot 148 27.8 no 1 4 no
a3 i fug 5 Pre-separator 138 28.1 no 1 4 no
o84 5 Aug S Transgort 93 6.7 no 3 -1 yes
385 12 fug 6 C-5lo 143 29.4 no i 4 no
306 11 Aug 6 Pre-separator 128 12.9 no 1 4 yes
507 14 fug & £-Slot 13 15.1 no i 4 no
388 8 fug 6 Marked Transp, 138 16.1 no 1 4 no
a8y i fug b Pre-separator 128 11.1 no 3 i no
S1e 3 fug b Marked Transp. 133 34,2 no 2 4 no
3l ] fug & Transpaort 183 1.3 no 3 -1 no
a2 3 fug & Transport 120 18.2 no 3 1 no
a3 9 fug & Narked Transp. 133 11.2 no 3 2 no
al4 b fug 6 L-Slot 173 46.2 no { 4 no
13 ! fug & Pre-separator 138 9.8 no 1 4 yes
316 7 fug 7 Transport 123 12.5 no i 3 no
a7 4 fug 7 Pre-separator 99 6.9 no i 4 yes
318 4 fug 7 Pre-separator 118 8.8 no 2 | yes
319 3 Aug 7 Marked Transp. 128 14.1 no 1 L no
328 & fug 7 L-5lot 135 25.8 no 1 4 no
32t 8 fug 7 C-Slat 149 3.7 no t 4 no
522 i fug 7 Pre-separator 131 12.4 ne { 4 yes
323 i flug 7 Pre-separator 163 34.3 no i 4 no
524 {1 Aug 7 Pre-separator 152 28.7 no 1 4 no
325 5 fug 8 Transport 178 56.4 no 2 i no
326 4 fug 8 Pre-separator 11 8.9 no i 4 yes
327 1 fug 8 Pre-separator 122 12.2 no { 3 no
528 i fug 8 Pre-separator 115 18.8 no 3 -1 no
329 i fug 8 Pre-separator 136 293 no 1 4 no
538 b Aug B C-Slot 125 16.6 no 1 4 no
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fippendix Table 1.
dgge

{Cont.) Fork lengths, wei

ts, descalina, BKD lesion and IFAT rankings, and pinheads by
ur

, tank nusber, and test group of individual mortalities during extended artificial seawater holding study
at Lower Granite ﬁal, 1985,
Nort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No. No. Length (aa) {g) lesions®  IFAT®
331 8 fug 8 Marked Transp. 181 9.4 no i 4 yes
332 9 fug 8 Marked Transp. 17 11.4 no i 4 no
333 i fug B Pre-separator 137 12.8 no i 4 no
334 11 fug 8 Pre-separator 147 21.3 no 1 4 no
335 i1 fug 8 Pre-separator 162 29.2 no i 4 no
336 11 flug 8 Pre-separatar 129 13.8 no i 4 no
337 12 fug B C-Slot 133 14.3 no i 4 no
338 18 fug 9 L-Slot 155 12.8 no { 4 yes
339 i1 fug 9 Pre-separator 158 19.5 no | 4 no
348 11 fug 9 Pre-separator e 3.9 no 3 -1 yes
541 12 fug 9 C-Slot 163 32.5 no i 4 no
342 3 fug 9 Transport 124 15.5 no { 4 no
43 4 fug 9 Pre-separator 128 8.5 no 2 1 no
i 2 Aug 9 Transgurt 134 12.5 no 2 1 no
345 12 Aug 18 C-Slo 135 25.4 no | 4 no
546 18 fug 18 C-Slot 135 14,6 no i 3 no
547 18 fug 18 L-Slot 138 20.7 no i 2 no
348 18 fug 18 C-Slot 148 21.3 no 1 i no
349 9 fug 18 Marked Transp. 153 38.3 no 3 1 no
358 9 Aug 18 Narked Transp. 152 32.4 no 3 1 no
351 9 Aug 18 Marked Transp. 138 15.3 no i 4 no
352 9 flug 18 Marked Transp. 114 9.7 no 1 4 no
993 b fug 18 C-5lot 178 39.4 no { 4 no
354 & fug 18 C-5lot 162 3.4 no i 3 no
335 12 Aug 11 C-Slot 151 16.2 no 1 4 no
936 12 fug 11 L-Slat 137 12.8 no i 4 no
357 12 fug 11 £-Slot 138 18.8 no 3 1 yes
338 12 fug 11 C-Slot 138 13.4 no 3 i yes
359 {1 fug 11 Pre-separator 152 18.6 no | 4 no
368 18 fAug 11 C-Slot 154 19.8 no 3 4 no
961 i1 flug 11 Pre-separator 143 14,8 no i 4 no
362 18 fAug 11 C-Slot 152 23.2 no 1 4 no
363 9 fug 11 Marked Transp. 143 28,5 no 1 3 no
364 8 Aug 11 Marked Transp. 151 23.6 no { 4 no
363 B fug 11 Marked Transp. 152 16,2 no 1 3 no
S6é 8 fAug 11 Narked Transp. 144 22,4 no i 4 no
367 6 fAug 11 -Slot 168 34.2 no 1 4 no
368 1 fug 11 Pre-separator 127 11,5 no 1 4 no
569 2 flug 11 Transport 148 2.7 no 1 -1 no
378 3 fug 11 Marked Transp. 124 8.4 no 1 4 yes
371 3 fug 11 Marked Transp. 137 22.2 no 1 4 no
372 4 Aug 11 Pre-separator 128 18.8 no 1 2 yes
373 8 fug 12 L-Slot 132 0.4 no i 4 no
374 18 fug 12 C-Slot 152 19.2 no 1 4 no
3735 9 fug 12 Marked Transp. 158 28.8 no 2 1 no
376 8 fug 12 Harked Transp. 135 1.1 no 1 4 no
577 & fAug 12 C-5lot 148 13.7 no i 2 no
378 3 flug 12 Marked Transp. 152 19.8 no i 4 no
19 7 fug 12 Transgort 154 71.8 no i 4 no
580 12 flug 13 C-Slo 113 13.5 no { 4 no
581 12 Aug 13 £-5lot 153 36.1 no 1 4 no
382 i1 fug 13 Pre-separator 133 23.3 no | 4 no
383 1a fug 13 L-Slot 142 22.4 no i 4 no
584 18 flug 13 C-Slot 135 28.3 no ! 4 no
385 8 fug 13 Narked Transp. 113 15.7 no | 4 no
386 ) fug 13 C-Slot 125 19.8 no 1 4 no
287 6 Aug 3 C-Slot 1@ 18.9 no 3 1 no
388 4 fug 13 Pre-separator 120 13.8 no 1 3 no
389 4 fug 13 Pre-separator 118 13.8 no 1 3 no
390 4 fug 13 Pre-separator 138 21.8 no | 4 no
391 3 Aug 13 Transgort 133 16.7 no 3 4 no
392 12 flug 14 €-5lo 133 17.3 no 1 4 no
393 9 fug 14 Marked Transp. 118 18.2 no 2 -1 no
394 9 flug 14 Narked Transp. 125 12.8 no i 3 no
393 8 Aug 14 Harked Transp. {48 36.8 no 1 4 no
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Appendix Table 1.  {Cont.) Fork lengths, uei?hts, descaling, BKD lesion and IFAT rankings, and pinheads by
date, tank nuaber, and test group of individual mortalities during extended artificial seawater holding study
at Lower Branite bal, 1983,

Mort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (ma) {g) lesions®’ IFAT®?

396 8 Aug 14 Marked Transp. 132 12.9 no 3 -1 yes
397 6 Aug 14 C-Slot 138 28.7 no i 3 no
398 1 fug 14 Pre-separator 118 18.1 no 1 3 no
399 2 Aug 14 Transport 11e 18.4 no i 4 no
600 2 fug 14 Transport 128 16.9 © o no 3 1 no
581 3 Aug 14 Narked Transp. 133 0.7 no 1 4 no
4082 4 fAug 14 Pre-separator 125 14,2 no i 3 no
603 7 Aug 14 Transport 160 39.4 no 2 -1 no
684 12 Aug 135 L-Slo 153 35.5 " no 1 4 no
685 it Aug 15 Pre-separator 143 29.9 no 2 4 no
484 6 fug 15 C-Slot 142 2.7 no 1 4 no
o87 1 flug 13 Pre-separator {13 18.3 no 1 4 no
488 1 fAug 15 Pre-separator 133 19.1 no 1 4 no
689 2 fAug 15 Transport 135 27.1 no 2 i no
610 3 “fug 15 Marked Transp. 135 25.2 no i 1 no
811 3 flug 15 Narked Transp. 135 24,4 no 1 4 no
612 4 fug 15 Pre-separator 118 18.6 no 3 2 yes
613 4 fug 13 Pre-separator 135 18.8 no { 3 no
514 3 flug 135 Transport 183 9.4 no 3 -1 yes
615 7 fug 135 Transgurt 135 23.5 no 1 3 no
616 18 flug 16 L-Slo 135 13.9 no 3 2 no
817 18 Aug 16 C-Slot 118 .1 no 1 4 no
418 18 fug 16 C-5lot 113 12.9 no 2 1 no
619 18 fug 16 £-Slot 113 13.8 no 3 2 no
628 18 fAug 16 C-5lot 135 19.6 no 1 4 no
621 8 fug 16 Narked Transp. 135 32.7 no 1 3 no
622 8 Aug 16 Narked Transp. 148 22.4 no ! 4 no
623 8 fug 14 Marked Transp. 125 15.9 no 1 4 no
624 4 fug 16 Pre-separator 138 19.9 no | 3 no
625 4 Aug 16 Pre-separator 140 25.7 no { 4 no
627 8 fug 16 Narked Transp. 125 11.5 no i 4 no
628 7 Aug 16 Transport 148 23.3 no { 4 no
429 1 fug 16 Pre-separator 158 32.8 no 2 1 RO
638 i flug 16 Pre-separator 95 - 11.4 no 2 1 no
631 12 fug 16 C-Slot 135 7.2 no 3 -1 no
432 i fug 17 Pre-separator 124 11.8 no 2 3 no
633 18 Aug 17 C-Slat 125 15.1 no i ] no
634 18 fAug 17 C-Slot 113 13.2 no 3 -1 no
435 9 fAug 17 Marked Transp. 145 28.6 no 3 -1 no
436 8 Aug 17 Narked Transp. 158 18.9 fno 3 2 no
437 b fug 17 C-Slot 128 12.8 no 3 -1 no
438 3 Aug 17 Marked Transp. 185 9.6 no 2 -1 yes
639 3 fug 17 Transgnrt 163 68.3 no i -1 no
448 12 fug 18 C-Slo 174 38.0 no i 4 no
b4 i1 flug 18 Pre-separator 132 17.7 no { 4 no
642 i1 fAug 18 Pre-separator 164 28.8 no i 4 no
643 18 fug 18 L-Slot 168 29.8 no 2 1 no
444 18 fug 18 C-Slot 142 28.2 ne { 4 no
643 18 fug 18 L-Slot 157 22,7 no 1 4 no
b4b 1@ flug 18 C-8lot 113 8.7 no 3 -1 yes
647 18 fug 18 L-Slot 144 15,2 no 1 4 no
448 18 flug 18 L-Slot 139 17.7 no 1 4 no
549 9 fug 18 Marked Transp. 128 8.8 no 2 2 no
650 8 flug 18 Marked Transp, 127 14,3 no i 4 ne
651 8 flug 18 Marked Transp. 122 18.9 no 1 4 yes
452 & Aug 18 C-Slot 156 24.4 a0 1 3 no
6353 6 Aug 18 L-Siot 133 13.8 no 2 -1 no
454 ) fAug 18 £-5lot 138 19.9 no 2 3 no
655 6 Aug 18 L-5lot 132 26.9 no 2 1 no
456 & flug 18 C-Slot 154 22,5 no t 4 no
457 | Aug 18 Pre-separator 138 11.7 no 3 -1 no
458 2 fAug 18 Transport 137 18.8 no 2 -1 no
659 3 fug 18 Narked Transp. 151 22.4 no 1 3 no
448 3 Aug 18 Marked Transp. 168 17.2 no 2 2 no
861 3 Aug 18 Marked Transp. 154 0.3 no 3 -1 no
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fAppendix Table 1.  {Cont.) Fork lengths, uei?hts, descaling, BKD lesion and IFAT rankings, and pinheads by
date, tank nunherb and test group of individual mortalities during extended artificial seawater holding study
a

at Lower Branite Das, 1983. ,
Mort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. = Length (na)  (g) lesions®’  IFAT®
733 4 Aug 27 Pre-separator 124 18.4 no 2 1 yes
734 9 fug 27 Narked Transp. 151 19.1 no 2 4 no
735 9 fAug 28 Harked Transp. 173 38.1 no i 4 no
734 1 fug 28 " Pre-separator 186 38.2 no 2 { no
137 i fug 28 Pre-separator 123 11.9 no 2 2 yes
738 1 fug 28 Pre-separator 145 17.8 no 3 4 no
739 3 flug 28 Marked Transp. 162 28.5 no 1 4 no
748 7 flug 28 Transport 156 28.8 no 3 -1 no
74 3 fug 29 Transport 152 22,2 no i 4 no
742 7 fug 29 Transport 172 41.3 no { 4 no
743 ) Aug 29 Pre-separator 143 23.1 no 3 2 no
S TM 4 fug 29 Pre-separator 129 18.7 no i 4 yes
745 3 fug 29 Narked Transp. 154 - 26.2 no | 4 no
746 6 fug 29 C-Slot 184 81,7 no 2 2 no
747 12 fAug 29 £-5lot 282 a3.8 no i 4 no
748 8 fug 30 Marked Transp. 135 12.4 no 3 1 no
749 8 fAug 308 Marked Transp. 121 12.4 no 3 -1 no
758 9 Aug 30 Marked Transp. 128 13.7 no i 4 no
751 19 fug 30 L-Slot 158 25.8 no | 4 no
752 18 fug 38 C-Slot 165 28.5 no ! 4 no
753 11 flug 38 Pre-separator 148 2.9 no 1 4 no
754 12 fAug 38 C-Slot 143 15.3 no i 2 yes
755 7 Aug 31 Transport 162 26.8 no 1 4 no
756 4 flug 3t Pre-separator 145 17.5 no 1 4 yes
787 3 fug 31 Narked Transp. 128 9.3 no 3 | yes
738 ! fug 31 Pre-separator 149 21.7 no 1 4 no
739 1 flug 31 Pre-separator 142 19.5 no 1 4 no
768 i fAug 31 Pre-separator 192 43.3 no 2 -1 no
761 B fug 31 Marked Transp. 178 48.9 no 2 1 no
762 10 fug 31 L-Slot 149 15.9 no 2 1 no
763 4 Sep | Pre-separator 138 26.5 no 1 4 no
764 18 Sep 1 C-Slot 153 23.1 na 1 3 no
765 & Sep 1 C-Slot 157 31.4 no 1 4 no
766 i Sep | Pre-separator 137 16.9 no 3 -1 no
767 8 Sep 2 Narked Transp. 149 26.4 no 3 -1 no
748 2 Sep 2 Transport 148 19.6 no | 4 no
769 2 Sep 2 Transgort 162 28,3 no i 4 no
778 b Sep 2 £-Slo 144 21.3 no 2 -1 no
71 5 Sep 2 Transgort 112 18.9 no i 4 yes
772 18 Sep 3 £-Sleo 133 25.2 no 2 2 no
774 9 Sep 3 Marked Transp. 164 27.4 no 1 3 no
775 4 Sep 3 Pre-separator 122 16.4 no 2 2 no
178 4 Sep 3 Pre-separator 148 313 no 2 -1 no
177 4 Sep 3 Pre-separator 162 27.3 no | 4 no
778 8 Sep 3 C-Slot 157 21.8 no 2 3 no
779 it Sep 35 Pre-separator 148 38.3 no 2 -1 no
788 10 Sep 5 C-Siot 150 31.2 no { ] no
781 8 Sep 3 Narked Transp. 137 22.7 no 1 4 no
782 6 Sep 3 C-Slot 158 31.0 no 1 4 no
783 4 Sep 3 Pre-separator 162 44,4 no 1 2 no
784 7 Sep 5 Transgort 138 16.7 no 2 1 no
785 18 Sep 35 C-Slo 120 13.8 no 3 1 no
786 12 Sep 5 C-Slot 133 28.9 no 3 2 no
187 i1 Sep b Pre-separator 115 18,3 no 3 -1 yes
788 8 Sep & Marked Transp. 123 38.1 no 3 i no
789 8 Sep & Marked Transp. 110 11.9 no i 4 no
790 b Sep & L-Slot 138 30.6 no i 4 no
791 12 Sep 7 C-Slot 128 12.2 no 3 1 no
192 . Sep 7 L-5lot 125 14.8 ne 1 4 no
793 8 Sep 8 Narked Transp. 148 20.1 no 1 4 no
794 b Sep 8 C-5lot 135 23.5 no 3 -1 no
795 3 Sep 8 Narked Transp. 153 22.8 no 2 2 no
19 4 Sep B Pre-separator 125 18.9 no 1 -1 no
797 1@ Sep ¢ C-Slot 168 38.5 no 1 4 no
798 8 Sep 9 Marked Transp. 130 13.2 no 3 -1 no
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Appendix Table 1.

{Cont.)

Fork lengths, wei

hts, descaling, BKD lesion and IFAT rankings, and pinheads by
ur

date, tank nuaber, and test group of individual mortalities during extended artificial seawater holding study
at Lower Granite 63:, 1983,
Mort. Tank Date Test Group Fork Weight  Descaling BKD BKD Pinhead
No.  No. Length (mm) {q} lesions®’ IFAT®?
662 4 fug 18 Pre-separator 166 31.5 no { i no
664 12 fAug 19 C-5lot 143 27.4 no 1 4 no
6463 18 flug 19 £-Slot 113 15.9 no 1 2 no
866 9 fug 19 Marked Transp. 128 18.5 no i 4 no
668 4 Aug 19 Pre-separator 158 39.1 no { 3 no
669 3 fAug 19 Transgort 133 21.9 no 1 4 no
570 12 fug 28 C-Slo 142 18.3 no 3 -1 no
671 12 fug 20 C-5lot 133 23.5 no 3 | no
672 18 Aug 28 L-5lot 163 21,3 no 1 3 no
673 12 fug 20 C-Slot 134 14.3 no 3 1 no
674 2 fug 28 Transport 145 0.1 no { 3 no
873 4 Aug 28 Pre-separator 164 32.5 no i 4 no
676 3 fug 28 Transgort 158 26.8 no i 4 no
877 12 flug 208 L-Slo 134 17.4 no 2 4 no
478 12 Aug 21 L-Slot 135 11.7 no 1 4 no
679 12 fug 21 £-5lot 136 15.9 no 2 3 no
668 b fug 21 C-Slot 150 24.3 no { 4 no
481 ) flug 24 L-Slot 139 15,5 no 3 -1 yes
682 | flug 21 Pre-separator 132 13.7 no 2 1 no
483 3 fug 21 Transport 189 18,2 no { 4 yes
683 5 fug 21 Transgurt 152 24,8 no i 4 o
484 12 flug 22 C-Slo 149 23.8 no 2 2 no
687 i1 fug 22 Pre-ceparator 156 23.7 no i L] no
488 18 fug 22 £-Slot 133 29.0 no 1 4 ne
489 18 fug 22 {-Slot 155 2.7 no 1 3 no
490 18 fug 22 C-Slot 194 53.3 no 1 4 no
891 8 fAug 22 Marked Transp, 161 28.9 no 3 1 no
692 b Aug 22 C-Slot 168 .1 no 3 { no
454 4 fug 22 Pre-separator 124 9.2 no 1 3 yes
895 4 fug 22 Pre-separator 131 11.8 no 1 4 no
496 8 flug 23 Marked Transp, 141 22.3 no i 4 no
697 i1 fug 23 Pre-separator 138 16.4 no 1 4 yes
498 5 Aug 23 Transport 178 39.8 no 2 1 no
899 3 fAug 23 Transport 175 3.7 no 3 -1 no
7008 4 fug 23 Pre-separator 134 17.7 no 3 2 no
781 4 Aug 23 Pre-separator 151 25.9 no i 4 no
702 ) Aug 24 £-Slot 158 17.1 no 1 3 yes
783 b fug 24 C-Slot 148 21.3 no 2 4 no
704 18 fug 24 C-Slot 149 17.9 no 3 1 yes
785 4 flug 24 Pre-separator 154 22.8 ne 1 4 no
787 i fAug 25 Pre-separator 154 34.8 no 2 2 no
788 18 Aug 23 C-5lot 129 11.3 no 1 3 no
7089 i fug 25 Pre-separator 138 12.6 no i 3 no
710 7 flug 25 Transport 132 29.5 no 1 § no
Iy 4 flug 25 Pre-separator 132 22.% no 3 -1 no
712 3 fug 23 Transport 168 29.3 no i 4 ng
13 5 flug 25 Transgort 173 41.2 no i L no
714 12 fug 26 L-Slo 147 16.7 no 2 1 no
715 12 fug 26 C-Slot 151 29.5 no 1 L] no
716 1@ fAug 24 C-5lat 143 17.8 no { 4 no
717 9 Aug 26 Marked Transp. 139 12.4 no 1 -1 no
719 & Aug 26 C-Slet 158 22,2 no { 4 no
728 8 fug 24 C-Slot 149 17.3 no 3 -1 no
724 7 Aug 26 Transport 133 18.4 no 3 -1 no
122 3 Aug 24 Marked Transp. 143 19.7 no { 3 no
723 4 fug 26 Pre-separator 138 21.8 na 3 4 no
724 4 Aug 26 Pre-separator 168 25.8 no 1 3 no
725 4 fAug 26 Pre-separator 175 35.1 no 2 4 no
126 5 Rug 26 Transport 144 21.3 no 3 1 no
727 12 flug 27 C-Sla 172 32.8 o 1 4 no
728 12 fAug 27 £-5lot 141 14.2 no | 4 yes
729 11 fug 27 Pre-separator 128 12.6 no 3 1 yes
738 8 fAug 27 Marked Transp. 143 14.1 ne 3 2 yes
731 b fAug 27 L-Slot 159 4.1 no 3 { no
732 4 Aug 27 Pre-separator 158 19.7 no i 4 no
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Appendir Table 1.

(Cont.) Fork lengths, weights, descaling, BKD lesion and IFAT rankings, and pinheads by

date, tank nusber, and test group of individual sortalities during extended artificial seawater holding study
at Lower Branite Dam, 1983.

Mort. Tank Date Test Group Fork Neight  Descaling BKD BKD Pinhead
No. Ne. Length (sm)  (g) lesions®’  IFAT®?

99 b Sep 9 C-5lot 130 28.1 no 2 ~1 no
808 7 Sep 9 Transport 123 14.8 no 2 -1 no
881 4 Sep 18 Pre-separator 158 40.6 no 1 4 no
8e2 12 Sep 18 L-Slot 138 3b.6 no i 4 no
803 1@ Sep 18 C-Sliot 143 27.8 no { 4 no
ae4 9 Sep 10 Narked Transp. 13@ 28.3 no 2 -1 no
885 6 Sep 10 C-Slot 168 45.8 no 3 -1 no
884 4 Sep 11 Pre-separator 138 12.8 no 3 -1 yes
8#7 1 Sep 11 Pre-separator 125 12,5 no 3 -1 yes
808 1 Sep 11 Pre-separator 135 21.5 no i 4 no
809 | Sep 11 Pre-separator 185 9.7 no 1 4 yes
aie 8 Sep 11 Marked Transp. 138 14.7 no | i yes
811 8 Sep 11 Harked Transp. 120 11.5 no 3 | yes
812 6 Sep 11 C-Slot 133 19.4 no 1 4 ne
813 7 Sep 11 Transport 185 57.8 no 3 -1 no
a4 7 Sep 12 Transport 138 21.6 no 1 4 no
8135 3 Sep 12 Marked Transp. 148 2.7 no 1 4 no
816 4 Sep 12 Pre-separator 128 14.4 no 1 4 yes
817 2 Sep 12 Transgort 138 16.9 no 1 4 no
818 18 Sep 12 C-8lo 148 26,3 no { 4 no
819 b Sep 12 C-Slot 148 24,6 no 1 -1 no
82¢ b Sep 12 C-5lot 135 17.3 no 1 4 yes
821 12 Sep 13 C-5lot 143 29.3 no 1 4 no
822 12 Sep 13 C-Slot 153 43.2 no i 4 no
824 9 Sep 14 Marked Transp. 143 29.4 no 2 -1 no
825 i1 Sep 15 Pre-separator 135 38.1 no 1 2 no
826 9 Sep 13 Narked Transp. 138 38.7 no | 4 no
827 8 Sep 15 L-Slot 155 35.4 no 3 4 no
829 4 Sep 15 -Pre-separator 113 12.6 no | 4 no
838 i1 Sep 16 Pre-separator 138 14.9 no 3 -1 no
831 9 Sep 16 Marked Transp. 148 3.4 no | 4 no
832 8 Sep 16 Marked Transp. 138 17.2 no i 3 no
833 3 Sep 16 Marked Transp. 135 17.5 no 3 2 no
834 3 Sep 16 Marked Transp. 133 18.2 no i 3 no
835 3 Sep 17 Narked Transp. 135 16.1 no 3 -1 yes
a36 8 Sep 17 Narked Transp. 138 13.8 no 2 -1 no
838 7 Sep 17 Transport 153 A.6 no 3 -1 no
839 7 Sep 17 . Transport 133 21.9 yes 2 i no
848 3 Sep 17 Transport 285 125.8 no i i no
841 7 Sep 18 Transport 128 2.1 ne 1 4 no

a). BKD lesion rankings

1 = Visible lesions present
= Possible lesions present (questionable)
3 = No visible lesions present

b). BKD IFAT rankings

8 = No BKD organises present in a sinimus of 388 microscope fields
-1 = Less than | BKD organisa per aicroscope field

1= 1-18 BKXD organisms per microscope field
2= 10-108 * " ' ' *
I= 1083 ’ . " .
4 = 3“B+ L] " " ] ]
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Appendix Table 2.--Fork lengths, weights, BKD lesion rankings, and BKD IFAT
rankings by test group and tank number for surviving
fish when the extended artificial seawater holding
test was terminated 18 September 1985.

Tank Test Fork BKD BKD

number group length (mm) Weight (g) lesions®/ IFATb/
1 Pre-separator 165 48.9 - -
" " 145 33.0 - -
" " 151 41.8 - -
" " 141 44,5 3 -1
" " 167 56.9 - -
" " 178 67.3 - -
" " 178 68.8 - -
" " 155 41.3 3 -1
B " 178 70.5 - -
" " 155 42.6 - -
" " 148 32.4 - -
" " 143 41.5 1 3
" " 140 29.5 - -
" " 171 59.4 - -
" " 149 38.8 - -
" b 132 31.0 3 -1
" " 142 39.0 - -
" " 144 33.1 - -
" " 165 49.8 - -
" " 155 39.7 3 -1
" " 175 59.5 - -
" " 142 28.7 - -
" " 196 90.2 - -
" " 158 48.3 2 -1
" " 158 42.0 - -
" " 184 91.2 - -
" " 155 50.3 - -
" " 150 30.1 2 -1
" " 121 22.3 - -
" " 143 32.7 - -
" " 148 43.4 - -
" " 135 29.3 2 -1
" B 140 33.5 - -
. " 128 21.4 - -
" " 128 21.9 - -
" " 123 19.9 - -
" " 150 38.7 3 -1
2 Transport 158 44.5 1 4
" " 158 36.1 2 -1
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Appendix Table 2.--cont.

Tank Test Fork BKD BKDb/
no. group length (mm) Weight (g) lesionsa/ IFAT
2 Transport 133 27.8 2 -1
" " 155 45.2 2 1
" " 168 63.4 3 -1
" " 147 41.5 3 0
. " 142 36.5 2 -1
" " 123 20.2 2 4
" " 129 22.6 2 2
" " 118 20.1 2 -1
" " 138 33.7 2 -1
" " 135 21.4 2 -1
" " 145 38.2 - -
" " 127 21.3 - -
" " 172 65.7 - -
" " 145 38.3 - -
" " 151 41.3 - -
" " -131 28.2 - -
3 Mark + transport 189 82.2 - -
" " 163 54.5 - -
" " 163 45,3 2 -1
" " 148 42.4 - -
" " 132 19.7 - -
" " 145 40.0 3 -1
" " 151 37.8 - -
" " 171 63.7 - -
" " 131 22.5 1 3
" " 155 48.4 - -
" " 165 53.8 - -
" " 175 69.2 2 -1
" " 151 48.0 - -
" " 170 65.0 - -
" " 161 44.5 3 -1
" " 135 23.5 - -
" " 141 44.6 - -
" " 163 51.3 3 -1
" " 148 33.4 . - -
" " 136 31.9 - -
" " 139 33.2 2 2
" " 145 33.6 - -
" " 131 25.1 - -
" " 155 30.3 1 3
" " 157 47.5 - -
" " 142 24.8 - -
" " 199 106.4 2 -1
" " 182 73.6 3 -1
" " 129 18.7 - -
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Appendix Table 2.--cont.

Tank Test Fork. BKD BKD
no. group length (mm) Weight (g) lesions®/ TFATP/
4 Pre-separator 155 39.2 - -
" " 159 51.9 - -
" " 165 54.3 2 -1
" " 141 26.7 - -
" " 159 59.5 - -
" " 163 54.8 2 2
" " 110 15.8 - -
" " 140 27.6 - -
" " 148 38.7 2 -1
" " 162 58.9 - -
" "o 140 29.7 - -
" " 152 37.1 3 -1
" " 141 35.6 - -
" " 130 24.3 - -
" " 162 55.2 1 3
* " 145 31.2 - -
" " 155 47.5 - -
" " 130 24.6 1 2
" " 175 74.6 - -
" " 163 56.2 - -
" " 155 50.5 2 -1
" " 147 38.2 - -
" " 135 20.0 - -
" " 138 28.4 3 -1
" * 110 14.9 - -
" " 145 30.4 - -
" " 139 27 .6 3 -1
" " 157 31.0 - -
" " 155 38.5 - -
" " 135 31.8 2 -1
. " 131 25.8 - -
5 Transport 171 63.3 - -
" " 181 67.9 1 2
" " 210 106.4 - -
" " 142 35.3 3 1
" " 168 57.6 - -
" " 168 56 .4 1 2
" " 143 79.4 - -
" " 152 40.5 3 -1
" " 135 25.6 - -
" " 177 61.2 2 -1
" " 160 47.8 - -
" " 132 20.0 3 -1
" " 132 31.1 - -
" " 120 18.4 2 -1
" " 157 32.2 - -
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Appendix Table 2.--cont.

Tank Test Fork BKD BKDb/
no. group length (mm) Weight (g) lesionsa/ IFAT
5 Transport 110 13.2 3 -1
" " 190 84.4 - -
" " 138 28.0 3 -1
" " 168 51.1 - -
" " 178 66.6 2 -1
" " 155 43.8 - -
" " 145 27.1 - -
6 C-slot 152 42.1 2 -1
" " 135 23.5 - -
" " 185 76.0 - -
" b 157 43.5 2 -1
" " 151 39.9 - -
" " 155 49.3 - -
" " 150 31.2 2 -1
" b 163 53.5 - -
" b 132 27.7 - -
" " 168 55.6 2 -1
" " 150 42.3 - -
" " 138 28.0 - -
" " 133 24.5 3 0
" " 128 23.1 - -
" " 148 40.6 - -
" " 140 28.6 3 -1
" " 169 60.3 - -
" " 160 57 .4 - -
" " 139 31.5 - -
" " 162 58.3 - -
" " 154 45.5 - -
" " 180 71.1 2 -1
" " 168 52.5 - -
' " 155 49.9 - -
" " 163 48.7 3 -1
" " 140 28.1 - -
" " 125 23.1 - -
" " 145 38.3 2 -1
" " 120 17.8 - -
7 Transport 175 79.3 1 2
" " 175 74.3 - -
" " 160 59.0 2 -1
" " 155 46.8 - -
" " 159 50.5 1 3
" " 189 80.4 - -
" " 172 66.2 2 -1
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Appendix Table 2.--cont.

Tank

Test

Fork

BKD

BKD

no. group length (mm) Weight (g) lesions®/ 1FATP/
7 Transport 163 58.3 - -
" " 165 60.1 3 -1
" b 153 42,2 - -
" " 148 50.5 3 -1
" b 155 36.0 - -
" " 150 43.9 2 -1
" " 140 34.8 - -
" " 141 36.0 - -
" " 151 45.4 2 0
" " 140 32.5 - -
" " 148 32.3 - -
" " 155 34.6 3 -1
" " 140 30.9 - -
. . 131 23.3 - -
" " 118 14.5 2 -1
. " 125 20.8 - -
8 Mark transport 189 81.5 2 -1
" " 203 147.1 - -
" " 185 88.7 - -
" " 138 26.9 3 -1
" " 145 30.3 - -
" " 141 32.6 - -
" " 152 44.9 3 -1
" " 150 37.5 - -
" " 160 53.4 - -
" " 138 28.7 - -
" " 148 35.8 - -
" " 181 78.3 - -
" " 159 49.8 2 0
" " 142 33.5 - -
" " 148 37.4 - -
" " 140 29.5 3 -1
" " 119 19.1 - -
" " 135 28.4 - -
" " 130 18.2 1
" " 149 36.8 - -
" b 167 58.5 - -
" " 130 25.2 3 1
" " 132 26.2 3 0
" " 128 19.3 - -
" " 115 18.1 3 -1
" " 112 15.0 - -
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Appendix Table 2.--cont.

Tank Test Fork BKD BKDb/
no. group length (mm) Weight (g) lesions®/ IFAT
9 Mark Transport 160 34.2 2 -1
" " 190 91.5 - -
" " 159 39.4 - -
" " 175 75.3 2 -1
" " 168 49.4 - -
" " 142 31.0 - -
" " 145 32.3 3 -1
" " 195 81.3 - -
" " 163 64.1 - -
" " 149 39.6 1 2
" " 180 74.0 - -
" " 145 27.3 - -
' " 145 41.5 1 3
" " 133 24.6 - -
b " 148 36.5 - -
" " 124 20.6 3 -1
" " 130 29.1 - -
" " 128 20.0 - -
" " 145 33.3 2 -1
" b 131 22.3 - -
" " 150 36.6 - -
" " 135 32.2 2 1
* " 185 81.6 - -
" " 157 49.1 - -
" " 148 38.5 3 -1
" " 125 23.2 2 -1
" " 161 36.3 - -
" " 164 39.4 - -
10 C-slot 168 91.2 1 2
" " 180 70.0 - -
" " 142 32.5 - -
" " 151 31.4 - -
" " 153 44.6 3 -1
" " 155 46.8 - -
" " 160 49.1 - -
" " 142 36.6 - -
" " 154 43.2 2 -1
" " 117 25.9 - -
" " 148 45.4 - -
" " 145 33.8 - -
" " 129 27.4 2 -1
' " 138 27.7 - -
" " 150 41.9 - -
" " 142 28.5 - -
" " 138 30.7 1 2
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Appendix Table 2.--cont.

Tank Test Fork BKD BKD
no. group length (mm) Weight (g) lesionsa/ IFATb/
10 C-slot 165 54.8 - -
" " 151 41.2 - -
" " 143 29.0 - -
" " 140 30.1 3 -1
" " 128 19.6 - -
" " 165 53.0 - -
" " 149 38.2 - -
" " 143 29.1 2 -1
" " 145 39.7 - -
" " 175 71.3 - -
" " 180 60.1 - -
" " 130 27.3 1 1
" " 163 50.6 - -
" " 139 29.9 - -
" " 135 25.2 - -
" " 154 44.1 - -
" " 138 28.8 - -
" " 140 28.6 2 -1
" " 165 55.8 - -
" " 147 31.0 - -
" " 140 36.5 - -
" " 125 19.4 2 2
" " 174 61.2 - -
" " 149 40.2 - -
" " 140 31.2 - -
" " 138 27.5 - -
" " 130 24.4 - -
" " 165 53.9 - -
" " 117 15.2 - -
" " 110 12.7 - -
" " 115 14.1 - -
" " 140 2605 - -
11 Pre-separator 189 80.6 3 -1
" " 138 28.9 - -
" "’ ~ 141 31.2 - -
" " 155 38.3 3 -1
" " 162 73.5 - -
" " 180 69.7 - -
" " 140 30.5 3 -1
" " 165 58.2 - -
" " 138 35.2 - -
" " 155 42.3 2 -1
" " 162 82.8 - -
" " 186 82.8 - -
" " : 173 67.0 2 -1
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Appendix Table 2.--cont.

Tank Test Fork : BKD BKD
no. group length (mm) ~ Weight (g) lesionsa/ IFATb/
11 Pre-separator 161 51.2 - -
" " 140 36.4 - -
" " 140 28.9 3 -1
" " 151 37.2 - -
" " 190 84.6" - -
" " 155 43.2 2 -1
" " ' 152 35.5 - -
" " 145 30.2 - -
" " 152 44,9 2 1
" " 125 19.9 - -
" " 132 22.8 - -
" " 142 26.1 3 -1
" " 120 22.8 - -
" " 105 14.2 2 -1
12 C-slot 155 45.8 1 3
" " 165 56.3 - -
" ’ " 179 70.6 - -
" " 141 37.0 - -
" " 155 48.9 - -
" " 165 57.7 2 2
" " 170 58.9 - -
" " 140 31.0 - -
" B 160 55.4 - -
" " 140 36.3 - -
" " o 140 ; 33.8 2 _ -1
" " 177 75.6 - -
" " 155 49.8 - -
" " 180 80.2 : - -
" " 172 72.1 ‘ - : -
" " 155 52.5 - ‘ -
" " 138 28.1 - ‘ -
" " 140 25.6 2 -1
" " 145 31.2 - -
" " 148 ' 37.6 - ’ -
" " 144 40.6 - -
" " 132 24.4 - -
" " 135 25.6 - -
" " 148 32.2 - -
" " 145 30.9 3 -1
- " 148 34.8 - -
" " 149 30.5 - -
" " 159 53.0 - -
" " 180 70.0 - -
" " 165 59.8 - -
" " 150 36.4 - -
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Appendix Table 2.--cont.

Tank Test Fork BKD BKD
no. group length (mm) Weight (g) lesionsa/ 1FAT?/
12 C-slot 145 37.1 . 3 ; 0
" " 141 25.2 - -
" " 138 35.2 - -
" " 135 25.3 - -
" " 139 26.1 - .-
" " 140 22.6 - -
" " 140 35.8 - -
" " 182 85.8 2 -1
" " 165 44.6 - -
" " 139 31.1 - -
B " 148 3005 - -
" " 152 40.3 - -
" " 155 45.6 - -
" " 138 24.5 - -
" " 150 43.2 - -
" " 155 44.9 3 -1
" " 150 34.9 - -
" " 142 36.5 - -
" " 158 46.4 - -
" " 132 22.1 - -
" b 158 50.6 - -
" " 145 49.1 - -
" " 122 23.4 - -
" " 118 18.7 - -
" ” 131 . 19.4 - -
" " 141 33.3 - -
a/ BKD lesion rankings
1 = visible lesions present
2 = pogsible lesions present (questionable)
3 = no visible lesions present

BKD IFAT rankings

0 = no BKD organisms present in 300 microscopic fields
-1 = less than 1 BKD organisms per microscropic field

1 1-10 b " " " "

2 10-100 " " " " "

3 100-300 b b " " "

4 300 + " " " " "
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Appendix Table 3.--Temperature, oxygen, pH, salinity, and ammonia-(NH3) levels
by date in extended seawater holding study at Lower Granite

Dam, 1985.

Temp (°C) Salinity ‘
Date Tank Head box 0o(ppm)  pH (ppt)  NH3(ppm)
28 April 10.0 10.0 9.0 7.60 0 -
29 " 11.0 11.0 9.0 7.70 2.0 -
30 " 10.0 10.0 9.0 - 4.2 -
01 May 13.0 13.0 9.0 - 5.9 -
02 *° 13.0 12.5 9.0 - 6.9 -
03 " 1102 1100 9.0 - 709 -
04 " 10.0 9.8 9.0 - 9.4 -
05 " 12.0 13.0 8.0 - 11.5 -
06 " . 14.9 8.0 - 12.7 -
o7 " 14.0 - 14.0 8.0 - 12.8 -
o8 " 14.5 8.0 - 12.2 -
09 - 14.0 14.0 8.0 7.47 13.9 0.0033
10 " 14.5 14.5 8.0 7.61 14.2 -
11" 13.0 13.0 9.0 7.47 15.5 -
12 " 12.0 13.0 9.0 7.40 17.0 -
13 " 13.0 13.0 8.0 7.40 17.5 -
14 " 12.0 13.0 8.0 7.42 18.0 -
15 " 12.0 12.0 8.0 7.50 19.0 -
16 " 11.5 8.5 8.0 7.40 18.2 -
18 " 13.0 13.5 8.0 7.53 22.0 -
19 " 15.0 16.0 8.0 7.75 22.0 -
20 " 12.0 12.0 8.0 7.69 23.0 0.0033
21 " 10.0 8.5 8.0 7.51 24.1 -
22 " 14.0 12.5 9.0 7.52 24.8 -
23 " 11.0 12.0 9.0 7.43 24.0 -
24 " 11.5 10.0 8.0 7.47 26.0 -
25 " 11.5 10.0 8.0 7.51 30.2 -
26 " 10.0 10.5 9.0 7.42 29.5 -
27 " 10.0 10.0 8.0 7.52 28.9 -
28 " 10.0 9.5 9.0 7.51 29.9 0.0047
29 ° 10.0 9.5 8.0 7.60 28.0 -
30 7 10.0 10.0 8.0 7.57 31.0 -
31 " 10.0 9.0 9.0 7.59 30.0 -
01 June 10.0 10.0 9.0 7.46 29.0 -
02 " 10.0 10.0 9.0 7.47 25.0 -
03 " 10.5 10.0 9.0 7.37 29.0 -
04 " 11.0 10.5 9.0 7.40 28.0 -
05 " 11.0 10.5 9.0 7.42 28.5 -
06 " 10.5 10.0 9.0 7.40 29.5 -
07 " 10.5 11.0 9.0 28.5 -
09 " 11.0 11.0 9.0 7.60 28.0 0.0032
10 " 10.0 11.0 9.0 7.43 29.0 -
1 " 11.0 11.0 9.0 7.45 28.0 -
12 - 11.0 11.0 9.0 7.41 29.0 -
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Appendix Table 3.--cont.

Temp (°C) Salinity

Date Tank Head box 0,(ppm)  pH (ppt) NH4 (ppm)

13 June 11.0 11.0 9.0 7.47 30.0 -

14 " 10.0 11.0 8.0 7.58 29.0 0.0044

15 " 14.0 12.0 8.0 7.62 30.0 -

16 " 12.0 10.0 8.0 7.19 29.5 -

17 " 9.0 9.0 8.0 7.21 28.9 -

18 " 13.0 12.0 8.0 7.27 30.1 -

19 " 13.0 12.0 8.0 7.30 29.5 -

21 " 10.5 11.0 7.0% 7.36 29.0 -

22 " 11.0 9.0 - 7.0 7.37 29.2 -~

23 " 11.0 8.0 8.0 7.34 27.0 -

24 " 10.5 11.0 9.0 7.35 30.5 -

25 " 10.0 10.0 9.0 7.50 30.0 0.0055

26 " 11.0 10.0 9.0 7.37 29.5 0.0066

27 " 10.5 11.0 9.0 7.25 30.0 -

28 " 10.5 9.0 8.0 - 30.0 -

29 " 10.5 10.0 8.0 - 30.0 -

30 " 10.5 8.5 8.0 - 28.5 -

01 July 10.2 8.0 8.0 - 29.0 -

02 " 10.0 8.0 8.0 7.10 30.0 0.0011

03 " 11.0 10.0 9.0 7.11 29.5 0.0011

04 " 10.0 11.0 9.0 7.05 30.0 -

05 " 10.0 11.0 9.0 7.20 31.0 0.0014

06 " 10.0 11.0 9.0 7.11 31.0 0.0012

07 " 11.0 10.0 8.0 7.23 31.0 -

08 " 10.0 11.0 9.0 7.20 31.5 0.0014

09 " 10.0 11.0 9.0 7.10 30.0 0.0012

10 " 9.0 8.0 9.0 7.12 29.0 0.0012

1" 10.0 11.0 9.0 7.15 29.5 -

12 " 10.0 11.0 9.0 7.28 29.0 0.0017

13 " 10.0 9.0 9.0 7.25 29.0 -

14 " 11.0 11.0 9.0 7.14 27.5 -

15 " 10.2 9.0 9.0 7.32 30.0 -

i6 " 10.5 9.0 9.0 7.51 29.7 -

17 " 10.2 10.5 9.0 7.96 29.9 -

8 " 10.0 9.5 9.0 7.85 29.9 -

19 " 10.2 9.4 9.0 7.89 29.7 -

20 " 10.0 10.5 9.0 7.90 29.9 -

21 " 10.5 10.5 8.0 7.62 29.0 -
22" 10.0 10.5 9.0 7.70 29.2 -

23 " 10.5 10.5 9.0 7.86 29.7 -

24 " 10.5 10.5 9.0 7.81 29.8 0.0015

25 " 10.2 10.0 9.0 7.52 30.2 -

26 " 10.0 10.5 9.0 7.85 29.8 -

27 " 10.2 10.2 9.0 7.75 29.7 -

28 " 10.5 9.0 9.0 7.29 27.0 -

29 " 10.0 10.0 9.0 7.39 28.7 -
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Appendix Table 3.--cont.

Temp (°C) Salinity

Date Tank Head box 0,(ppm) pH (ppt) NH4 (ppm)
30 July ' 10.0 10.0 9.0 7.54 28.9 -

01 August 10.0 8.0 9.0 7.09 - -

02 " 10.0 10.0 9.0 7.55 - -

03 " 11.0 10.0 9.0 7.97 29.4 -

04 11.0 12.0 9.0 7.40 28.5 -

06 " 10.0 10.0 9.0 7.23 28.8 -

o7 " 10.0 8.5 8.0 7.32 28.0 -

o8 *© 10.0 8.5 8.0 7.37 28.4 -

09 10.0 9.0 9.0 7.40 27.5 -

10 " 10.0 9.0 9.0 7.21 28.1 0.0014
| 3 11.0 9.5 10.0 7.56 27.0 -

12 " 10.5 9.5 9.0 7.24 27.5 -

13 " 11.0 10.0 10.0 7.45 28.0 -

14 " 11.5 10.0 8.0 7.58 28.0 -

15 " 11.0 10.0 9.0 7.41 28.75 -

16 " 12.0 10.0 8.0 7.22 29.2 -

17 - 12.0 10.0 9.0 7.34 27.1 -

18 " 11.5 10.0 8.0 7.43 28.0 -

19 " 11.5 10.0 8.0 7/45 30.5 0.0019
20 " - 11.0 10.0 8.0 7.73 29.5 -

21 " 12.0 10.5 8.0 7.87 29.5 -

22 " 11.0 10.0 8.0 7.67 29.5 -

23 " 12.0 10.0 8.0 7.27 28.1 -

246 " 11.5 10.0 8.0 7.21 28.7 -

25 " 11.0 10.0 9.0 7.35 29.2 -

26 " 11.5 10.0 9.0 7.42 29.7 -

27 " 11.5 10.5 8.0 7.38 30.2 0.0017
28 " 12.0 11.0 8.0 7.52 30.5 -

29 " 12.9 11.0 8.0 - 30.1 -

31 12.0 10.5 9.0 7.40 30.0 -

01 September 11.5 11.5 8.0 7.31 30.1 -
02 " 12.0 10.0 8.0 7.26 28.9 -

03 " 12.0 10.5 9.0 7.39 30.0 -

04 " 12.0 12.0 9.0 7.40 29.9 0.0015
05 " 12.0 11.0 9.0 7.29 29.7 -

o6 " 11.0 11.0 9.0 7.31 29.9 -

07 12.0 12.0 9.0 7.38 29.8 -

10 " 11.0 11.0 8.0 7.38 30.2 -

11 " 12.0 12.0 8.0 7.45 28.5 -

12 " 10.0 10.0 9.0 7.40 30.1 -

13 " 10.0 11.0 9.0 7.41 29.9 0.0015
14 11.0 11.0 8.0 7.32 29.9 -

15 " 11.0 11.0 8.0 7.33 30.1 -

16 " 10.0 11.0 8.0 7.41 30.1 -

17 " 10.0 11.0 9.0 7.42 29.9 -
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