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INTRODUCTION

Hydropower development and operations in the Columbia River basin
have caused the loss of 5 million to 11 million salmonids. An interim
goal of the Northwest Power Planning Council is to reestablish these
historical numbers by doubling the present adult runs from 2.5 million
to 5.0 million fish. This increase in production will be accomplished
through comprehensive management of both wild and hatchery fish, but
artificial propagation will play a major role in the augmentation
process. The current husbandry techniques in existing hatcheries
require improvements that may include changes in rearing densities,
addition of oxygen, removal of excess nitrogen, and improvement in
raceway design. Emphasis will be placed on the ability to increase the
number of fish released from hatcheries that survive to return as
adults.

Rearing density is one of the most important elements in fish
culture. Fish culturists have attempted to rear fish in hatchery ponds
at densities that most efficiently use the rearing space available.
Such efficiency studies require a knowledge of cost of rearing and the
return of adults to the fisheries and to the hatchery.

It is widely accepted that the limitations on survival imposed by
rearing densities are dependent upon oxygen availability. The models of
Westers (1970), Liao (1971), and Banks et al. (1979) are based on the
limitations of oxygen availability at various densities, temperature,

and sizes of the fish being reared. In the past oxygen limitations have



been overcome by increased flow, but in recent years, addition of oxygen
to the raceways has become an acceptable alternative.

In spite of the acceptance of oxygen as the limiting factor in
fish culture at the present time, there has been little information on
the relationship between oxygen availability to cultured salmon and
their subsequent survival after release to adulthood. This project will
extend that information by examining the effects of oxygen
supplementation in a surface water hatchery on the rearing and survival
of spring chinook salmon. The first four years of the project will look
at the operational aspects of the use of oxygen, the effects on water
quality on oxygen utilization, and overall quality of fish reared at
high densities with supplemental oxygen. Results from the first two
years of releases have already been described (Ewing and Sheahan 1990;

Ewing and Sheahan 1991).



REVIEW OF EFFECTS OF CYCLIC OXYGEN CHANGES IN FISH

The effects of oxygen concentrations on fish physiology and
behavior was reviewed in an early report (Ewing and Sheahan, 1990).
Specialized areas of the effects of oxygen concentration on fishes were
not included in the review at that time. Some of these areas which are
relevant to the present study will be reviewed in our annual reports.

One of these specialized areas which is especially relevant to the
present study is the effect of diurnal and circannual changes in oxygen
concentration on fishes, especially salmonids. Unfortunately, the
literature is very scanty on this subject, probably because these are
very hard experiments to do.

The respiration of fishes undergoes a diurnal cycle, although this
simple experiment is not well documented. Elliott (1969) used a
polarographic oxygen analyzer to look at oxygen consumption in unfed
chinook salmon in a raceway environment. He found that there was a
sudden rise in oxygen consumption associated with first daylight, a
steady increase from 1200 to 1700 hours, and a decrease to lowest levels
by 2300 hours. He also demonstrated that the oxygen consumption of the
fish depended on size of the fish, temperature of the water, and
hatchery conditions such as feeding and cleaning. His conclusion was
that measurment of oxygen consumption of salmonids was not as easy as
one might first expect.

Kindschi and Koby (1993) provided some data on the diurnal oxygen
consumption of cutthroat trout (Oncorhvnchus clarki). They found that

the oxygen consumption of the trout rose abruptly from 500 to 700 hours,



remained constant until 1300 hours, then slowly decreased throughout the
remainder of the day. No information on temperature was provided.

These diurnal changes in oxygen consumption were largely ignored
by Liao (1971), who presented equations that defined oxygen consumption
of salmonids by size and temperature alone. No mention was made of the
time of day that the measurements were made. In spite of this, a number
of reconunendations for rearing densities have been made based on the
equations of Liao (Banks et al. 1979; Walters, 1989).

The effects of diurnally fluctuating oxygen levels on fish
have been examined in several species. Wiebe (1930) reported that the
diurnal changes in dissolved oxygen in fish ponds could be as large as
those from seasonal changes taken at a single date. More detailed
studies (Wiebe, 1931) indicated that the variation in oxygen content was
due to oxygen consumption by algae in the ponds. The algae could become
so abundant on occasion that the lack of oxygen endangered fish life.

Algal growth has been a constant problem with catfish farmers.
Uneaten feed and fish wastes stimulate algal growth so that the farmers
must measure dissolved oxygen concentrations at intervals during the
night to insure that sufficient oxygen is present for the catfish.
Aeration is supplied when needed (Boyd et al., 1980). Laii-Fa and Boyd
(1988) reported an experiment where they compared the harvest weight of
fish from aerated ponds with those of unaerated ponds. They found
significantly higher growth, conversion, and economic gain from fish
reared under conditions of nightly aeration.

Carlson et al. (1980) examined the growth of channel catfish

(lctalurus punctatus) under laboratory conditions. They found that

growth of catfish was reduced at oxygen concentrations below 5.0 ppm.



At 3.5 ppm, the fish ate their rations but conversion was | ow. At 2.0
ppm, they ate only a small amount. When the fish were subjected to
diurnal changes in oxygen content, significant changes in growth were
observed only at the lowest concentrations where oxygen cycled from 3.1
to 1.0 ppm. They also tried these experiments with yellow perch (Perca
flavescens) and found that growth was only inhibited below 2.0 ppm.
Cyclic changes in dissolved oxygen from 3.1 to 1.0 ppm did not inhibit
growth significantly.

There were some problems with these experiments, however. Fish
were brought into the laboratory from different sources and fed to
differing degrees. Many had ectoparasite infections and were treated
with antibiotics repeatedly. The effects of these variables on the
experimental results was not examined.

Stewart et al. (1967) looked at the effects of diel changes in

oxygen on largemouth bass (Micropterus salmoides). Dissolved oxygen was

reduced to varying low concentrations. The fish were held at these
concentrations for either 8 or 16 hours for time periods of about 15
days. In the fish held at variable dissolved oxygen regimes, growth was
always less than that expected from the mean dissolved oxygen
concentration. Fish exposed to 8 hours at low oxygen and 16 hours at
high oxygen grew faster than those exposed to 16 hours of low oxygen and
8 hours of high oxygen. The authors suggest that "even when oxygen
concentrations are near or above saturation levels during a large
portion of the day, the growth of the fish may be inhibited by very low
concentrations occurring during the remainder of the day"”. They suggest
that average oxygen concentrations during the day may have very little

meaning for the well-being of the fish.



Carlson and Herman (1978) examined the effect of diel fluctuations
in dissolved oxygen on the spawning success of black crappies (Pomoxis
nigromaculatus). variable ranges of oxygen were from 8.1 to 5.4 ppm,
7.0 to 3.6 ppm, 5.7 to 2.7 ppm and 4.1 to 1.8 ppm. Only at the lowest
concentration was lack of spawning observed, although gonadal
development occurred in both males and females at all oxygen
concentrations. They concluded that dissolved oxygen concentrations of
2.6 or above were sufficient for spawning and that diel fluctuations
below this level may cause hypoxic stress and inhibit reproduction.

Bouck and Ball (1965) looked at physiological changes in blood of

bluegills (Lepomis macrochirus), yellow bullheads (lctalurus natalis),

and largemouth bass (Microoterus salmoides) when dissolved oxygen was

lowered to 3.5, 2.7, and 3.1 ppm, respectively, for 8 hours per day.
The test was run for 9 days for bluegills and bullheads and 8 days for
bass. Results of electrophoresis of blood proteins indicated that a
change in the protein composition occurred at low oxygen concentrations
in bluegills and bass, but not in bullheads. During the periods of low
oxygen concentrations, the fish increased their ventilation rates and
remained quiet. Food was generally ignored. Casual observation
suggested that hypoxia might increase blood clotting rates.

Bouck (1972) continued these experiments with rock bass
(Ambloplites ruocestris). He found that when dissolved oxygen was
lowered to 3.0 ppm for 8 hours a day for a period of 9 days, blood
protein components, measured by electrophoresis, were different from
controls. The blood proteins were not identified. Hematocrits
increased by 20% and hemoglobin and plasma protein concentrations

increased 4% over controls. Ventilation rate increased from 60-65 vpm



to 113 vpm at 3 ppm dissolved oxygen. The fish tended to lose their
olive green color and appeared more silvery during hypoxia. When normal
levels of oxygen returned, the fish regained their original color.

Whitworth (1968) built a device for opening and closing a nitrogen
cylinder attached to a gas stripping column. In this way, he could
regulate the concentration of oxygen in a tank of brook trout
(Salvelinus fontinalis) to produce a diel change in oxygen. Dissolved
oxygen was decreased from saturated levels to 5.3, 3.6, 3.5, and 2.0 ppm
for 14 hour periods. His results showed that growth was inhibited at
all concentrations of oxygen.

Fisher (1963) showed that growth of coho salmon was not impaired
by constant levels of dissolved oxygen above 5.0 ppm. During
fluctuating oxygen regimes, where oxygen levels varied from 9.5 to 3.0
ppm and 18.0 to 3.0 ppm, he found that weight gain tended to mimic that
found at the lowest oxygen level rather than the average oxygen
concentration. This suggested that the growth rate was regulated by the
lowest concentration of oxygen that the fish experienced during the day.
However, in a second experiment, he varied oxygen concentrations from
9.6 to 2.3 ppm and 35.5 to 4.9 ppm and found no difference in growth
between coho reared under these conditions and those reared at constant
higher oxygen concentrations. The results of the second experiment
negated those of the first.

In summary, the literature on the effects of variable oxygen
regimes on Fish growth and performance is very sparse. The experiments
have much greater levels of complexity than those using constant levels
of oxygen. Because of this complexity the questions to be answered are

multiplied: How wide a variation in oxygen concentration can be



tolerated? How long at a given concentration is required before effects
can be seen? How long does it take to recover from hypoxia? Are acute
exposures to variable oxygen extremes as harmful as chronic exposure?
Are the results similar at all times of the year?

The important thing to consider from these articles is best sumned
up by Stewart et al. (1967) who concluded that "even when oxygen
concentrations are near air-saturation levels during a large portion of
each day, the growth of fish may be seriously inhibited if very low
concentrations occur during the remainder of the 24-hour day". It is
the lowest dissolved oxygen concentration of the day which may determine
the performance of the fish. In this respect, the effects of low oxygen
concentrations may be analogous to those observed for incipient lethal
temperature (Golden, 1989). Cutthroat trout were subjected briefly to
incipient lethal temperatures for a portion of the day, then restored to
non-lethal temperatures. The effects of the exposure to near lethal
temperatures tended to accumulate with time until mortality resulted.
This suggested that physiological events were occurring within the fish
which required a longer time period than 24 hours for correction.
Similar experiments with lowered oxygen concentrations would be
extremely interesting and useful for agencies responsible for setting
dissolved oxygen concentrations for rivers and streams.

Respiration of salmonids in culture is rarely monitored over a 24-
hour period. During stress conditions, such as pond cleaning, feeding,
or transportation, dissolved oxygen levels may drop to levels below the
standard of 5.0 ppm recommended for growth and performance. The effects
of repeatedly experiencing these conditions is not known. If they are

reared under semi-natural conditions, where weed or algal growth is



prevalent, oxygen concentrations at night may reach levels where growth,
immune function, or physiological functions may be compromised even
though daytime measurements of oxygen concentration suggest that no

problem should be evident.



REVIEW OF THE EFFECTS OF REARING DENSITY

ON SURVIVAL TO ADULTHOOD FOR PACIFIC SALMON

Introduction

In recent years, the threatened existence of certain salmon stocks
has increased efforts to restore the runs to historic levels.
Hydropower developement and operations, drought, pollution, and
commercial Ffishery interests have all contributed to this decline in
salmon production. To offset these sources of depletion and to augment
wild stocks, government agencies, resource managers, citizens" groups
and scientists on the west coasts of the United States and Canada have
conducted a number of density studies to develop optimum rearing
densities for cultured salmonids that will result in the maximum return
of adults. The simple experiments that were originally conceived,
however, have provided results that are complex and hard to interpret.
In several cases, the completed experiments were simply not analyzed or
summarized in final reports.

This review sunmmarizes the results from some of these experiments
and attempts to provide similar bases for the interpretation of the
final results. We have limited the review to adult yields of hatchery-
raised, anadromous salmonid species reared in the Northwest. We have
found few precedents for a review of this type. Banks (unpublished
manuscript) summarized the results of rearing density experiments in the

Northwest on adult yields of chinook salmon. He addressed the need for
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evaluating each facility for optimum rearing densities in terms of adult
yields instead of juvenile carrying capacities. He suggested that such
results are likely to be "site-specific". There have been several
instances where the theoretical production potential has been calculated
(Banks et al. 1979, Walters, 1989). However, there have been few
studies where these theoretical potentials have been tested, using adult
yields as a criterion for success.

Some basic parameters and their importance to our interpretation
of the experiments require discussion. We have limited this review to
hatchery experiments that have used coded wire tags to mark individual
groups of salmon. Coded wire tags are 1 mn pieces of wire inscribed
with a binary code that are inserted into the snouts of juvenile salmon
(Jefferts et al. 1963). The juvenile salmon are also marked with an
adipose fin clip so that they can be identified as salmon carrying wire
tags. Sampling programs have been organized throughout the Northwest to
obtain snouts of fish with coded wire tags from the ocean fishery. This
sampling permits the fisheries agencies to determine the range of the
fish and the extent of harvest. Adipose fin clips are thought to impose
minimal mortalities. Tagging with coded wire is presently the easiest
and most accurate means for marking large numbers of fish from a
multitude of groups.

A number of terms have been used in conjunction with density
experiments. “Density"™ is used in a context similar to that in the
physical sciences, that is, weight per unit-volume. In fish culture,
the density of reared fish is usually expressed as pounds of fish per
gallon of water. Because there is a general trend toward the simpler

metric system, densities in this review will be referred to as kilograms
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of fish per cubic meter of water. “Load" is defined as weight of fish
per water flow, usually referred to in the English system as pounds of
fish per gallon per minute. We will use the metric equivalent of
kilograms of fish per cubic meter per minute. "Density Factor™, a
variation of density, takes the length of the fish into consideration
and is defined as density per unit length in inches (Piper et al. 1982).
Because of the variation of release sizes in each experiment, it is
difficult to use this parameter for comparisons so we have not
calculated this parameter in the experiments described.

The two measurements for carrying capacity in raceways, density
and load, vary considerably in their interpretation. Density is a
measure of the space in which a fish resides in relation to other fish.
Water quality may vary considerably in different studies because the
replacement of water is not considered in its calculation. In contrast,
load measures the weight of fish in relation to flow so that the effects
of water quality on the fish health and behavior is considered. Density
tends to emphasize the psychological aspects of rearing space while load
emphasizes the physiological changes resulting from water quality.

A third parameter is occasionally used that relates the total
weight of fish to the surface area of the rearing pond. It is usually
defined as kilograms per square meter of surface area. However, surface
area seems to have little importance in an understanding of the rearing
capacity requirements, unless oxygen diffusion is limited by surface
area. Such a situation is unlikely to be encountered in the culture of
salmonids. If surface area alone is considered, a deep water body and a
shallow water body are equivalent if they have the same surface area.

Similarly, a water body with no current and one with a fast current are
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considered equivalent if they have the same surface area. There seems
to be little behavioral or physiological bases for using this
measurement in rearing capacity experiments. We have therefore omitted
these calculations from this report.

In view of our current knowledge of limiting factors for fish
production, load is probably the most important factor. Load takes into
consideration that the rearing water is being replaced regularly with
water of higher quality. Oxygen is probably the chief factor that
limits carrying capacity of a water body. Little is known of any
psychological aspects of rearing density that would tend to limit
carrying capacities.

The sampling techniques by which density and load are derived
determine the error associated with the measurements. It is often
difficult to determine total fish weights without knowing how the pond
counts were made. The number of samples taken for pond counts will
determine the degree of precision of the estimate (see Appendix 6).
Similarly, flow is often estimated rather than determined by flow meters
or by pond filling. The accuracy of these estimates will determine the
error associated with load deteminations.

Even with the best measurements, density and load are never
constant in the raceway because of the growth of the fish. Most fish
hatcheries project the growth of their fish by formulas relating feeding
rate and average water temperatures so that the fish reach the desired
size at the appropriate time for stocking. Densities and loads reported
here refer only to the final values attained inmediately before

stocking.
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Density and load are parameters that can usually be calculated for
each study. However, the variability of each parameter is determined by
the foresight and control imposed by the experimenter. The following
are some other issues that we have regularly encountered in these
analyses that increase the complexity of the interpretation of the

results:

Rearing Space - This aspect is very important to an interpretation of
the results of density studies. The rearing space may be an open
lake, a concrete raceway, or a fiberglass tank. The type of
rearing space influences feeding patterns, surface/depth ratios
and diel synchrony. With the few studies available, it is not
possible to compare the effect of rearing space on
density/survival relationships so we will simply note the type of
rearing space while describing the experimental design.

Flow - Flows are often variable throughout the rearing cycle and thereby
cause variation in the loads unrelated to fish size or numbers.

Volume - The volume of a rearing area is often stated only as raceway
dimensions rather than an actual volume. Calculations based on
these dimensions probably result in an overestimate of the pond
volume and therefore an underestimate of the density attained.

Temperature - Variations in temperature can affect metabolic activity
and therefore oxygen consumption. Thus, during changes in water
temperature, water quality can change appreciably without apparent
changes in load.

Mortality - Mortality of the juveniles is an indicator of stress and

disease susceptibility in the population. It is often given less
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attention than it warrants, because it seems to increase with
rearing density. Where possible, we will display these rates in
the experimental results.

Pond-splitting - Pond splitting occurs when the density of fish in a
pond increases to a point considered deleterious by the hatchery
manager. The numbers of fish in the pond are decreased by
transferring some of the fish to other ponds. Multiple pond-
splitting imparts a saw-tooth profile to plots of fish density
with time. The density under such conditions is never constant
and the relationship between pond density and survival is
difficult to interpret.

Type of Release -Two types of release have been described: volitional
and forced. In general, we have considered all density
experiments to constitute forced releases. Short-period
volitional releases accomplished by opening of pond screens with a
subsequent sweep of the few remaining fish essentially constitutes
a forced release. True volitional releases over a period of
months would result in uninterpretable results for density
studies.

Release Dates - Release dates are varied both for the species raised and
for the facilty. We have tried to minimize these effects by
comparing only groups released at the same time. No effort has
been made to determine if density effects are different at
different release dates.

Observed vs. Expanded Recovery Rates - Observed recovery rates of adults
usually refer to the number of individuals recovered from a

particular area or group. Observed recovery rates for ocean

15



fisheries are usually expanded to reflect the sampling percentage

for each area. Expanded rates are therefore a more accurate

reflection of the total survival of a group of fish. In this
review, we use expanded recovery rates unless they are not
available.

Mathematical errors - The most common mathematical error encountered in
these studies is that of the "rounding error'. Occasionally,
discrepancies in calculated parameters, such as adult yield or
adu]ts/m3, can be traced to numbers which have been rounded off
and which are then used for other calculations. Ye have added
footnotes to tables where our calculations of parameters have
differed from the authors.

In order to make comparisons of various studies at different
hatchery facilities, we devised a model. This model consists of four
sections, all in table form. The Tfirst table incorporates brood-year,
pond number, fish population number at release, mean weight in grams,
total fish weight in kilograms, flow at release in liters per minute,
density in kilograms per cubic meter, and load in kilograms per liter
per minute for each population. A mortality rate (percentage) is
presented as the sum of mortalities from disease, accident, or any other
form of expiration. It will be given asa factor only within the most
recent pond-split or period of rearing in which a treatment group is
formed.

The second table of the model consists of subsampling data for the
treatment groups, when available. It contains brood-year, pond number,
coded-wire tag codes, number and percent of each population tagged, tag

retention percentages for each population, mean forklength in
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centimeters with standard errors, mean weight in grams with standard
errors, and the number of fish sampled from each population or treatment
group. This data is useful for comparing sizes at release and making
necessary corrections to the recoveries of adults. However, the
majority of the density experiments did not report this information.

The third table lists the various adult and jack recoveries for
the treatment groups. Like the previous tables, it has identifying
characteristics like brood-year, pond number, or density, and tabulated
coded-wire tag codes. This table represents the raw data from which the
calculations of percent yield, adults per density, adults per load, and
total adults are calculated.

Finally, the fourth table is a tabulation of our calculations from
analyzing the experimental data. For each density group, there are the
respective percent yields, total adult yields per pond, total adults per
cubic meter of rearing space, and total adults per flow. [In some
instances, these results will be presented as total yields, the result
of including jack salmon recoveries in the parameters. The data from
this table is used to determine the relationships to density and load of
juvenile rearing.

The design of each density study dictated the statistical analysis
used. After examining the various designs, we chose three methods of
analysis. If the groups were replicated, analysis of variance was used
for comparison of the results. If statistical significance was found,
then Tukey"s t-test was used to determine the statistically significant
groups. 1T the experiment had four or more treatment groups but no
replicates, regression analysis was used to determine if there was a

linear relationship between the density or load and adult yield. |If the
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experiment had less than four treatment groups with no replicates, we
used simple graphic analysis to determine if a relationship between
density or load and yield appeared to exist. In all three approaches,
we examined data only within a single release year. Comparisons between
years more often reflect differences in ocean conditions than in effects
of treatment groups. Yields between years could have been normalized to
remove between-year variations, but the results would have been
essentially the same as we present here.

The following hypotheses were tested for each experiment:

1) Increased rearing density caused lower percent survival.

2) Increased load caused lower percent survival.

3) Increased rearing density resulted in more adults per pond.

4) Increased load resulted in more adults per pond.

5) There were interactive effects between rearing density and

load. Negative effects of rearing density could be offset by
increased flow.

6) Increased rearing density resulted in greater mortality of
juvenile fish.

Not all of these hypotheses could be tested for each experimental
group but we examined as many as possible. All hypotheses were tested
at the 95% level of confidence.

Ye hope that the following analysis of the results from rearing
density studies can be used for future studies to avoid some of the
aomon errors in experimental design which make analysis difficult. A
compilation of the data in review form also should make it easier to

formulate hypotheses to test by future hatchery biologists.
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Coho Sal non

In 1975, the relationship between density, |oad and survival of coho
sal non (acorhynchus kisutch) was tested at Sandy Hatchery, Oregon (Henmi ngsen
and Johnson, 1976). The execution of the experinent was carefully done (Table
1) in that nean sizes of the fish at release in all treatnment groups were not
significantly different (Table 2). However, this study was conducted for only
a single year.

Results indicated that there was no significant difference in yield
between release groups (Table 3). The authors suggested that increased water
flow coul d offset the reduced yields resulting fromhigh rearing densities
(Table 4). However, they presented no evidence that, under their rearing
conditions, the yields were decreased as a result of increased rearing
densities. Wthout this additional data, the results could al so mean that
rearing density did not affect surival as indicated by other authors (see
below. Wthout further information, we nust consider the results of this
study inconcl usive.

Anot her rearing density experiment was run in 1975 at Capilano Sal non
Hat chery, British Colunbia (Sandercock and Stone, 1976). The objective was to
determine the effects of rearing density on adult survival. A chlorination
acci dent necessitated the use of eyed eggs fromthe Big Qualicum R ver Project
(Vancouver |s.) instead of the indigenous stock. Conditions at release are
shown in Table 5.

This experinent seened sinple enough: increasing numbers of fish were
put into raceways of similar size. However, no reference was made to flow
rates (Sandercock and Stone, 1979). W assumed and verified (Sandercock and

Stone, 1981) that the flow rate was the sane as that of |ater experinents with
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Table 1. Conditions at release for 1975-brood coho sal non reared at Sandy
Hat chery, Oregon.

Goup  Flow Nunber Aver age Tot al Densi Load
(I'pm of Fish size (g8) kg (kg/m~)  (kg/lpm)
Low 462 29, 290 27.8 814 11.7 1.76
Medi um 924 58, 570 25.9 1517 21.8 1.64
High 1893 117,140 24.9 2917 41.9 1.54

Table 2. Data at release for density study with 1975-brood coho sal non reared
at Sandy Hatchery, Oregon.

G oup Ta Nunber Tag Lengt h Vi ght Nunber
Code  Tagged Retention  (cn (8) sanpl ed

Low 09 05 14 24,893 0.97 135 £ 0.1 27.8 £ 0.1 223
09 06 01 25,813 0.95 13.6 £ 0.1 27.8 £ 0.1 229
Medium 09 05 15 24,477  0.94 13.3 £ 0.1 252 0.2 236
09 06 03 22,854 0.91 13.4 £ 0.1 26.6 £0.2 210

Hgh 09 06 02 20,139 0.91 132 £ 0.1 25.1 £ 0.3 247
09 06 04 23,416 0.91 13.3 £ 0.1 247 +£0.2 292

Lengths and wei ghts are presented as neans * _standard errors.
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Table 3. Catch and escapenent of 1975-brood coho sal non reared in the
density experiment at Sandy Hatchery, O egon.

Jacks Adul t s Total?
G oup Ta Hat chery Fishery® Hat chery

Code No. % No. 3 No. % No. 3
Low 09 0514 24 0.10 216 0.87 212 0.85 452  1.82
09 06 01 17 0.07 167 0.65 193 0.75 377 1.46
Aver age 0.08 0.76 0. 80 1. 64
Medium 09 05 15 16 0.07 220 0.90 228 0.93 504 2.06
09 06 03 20 0.09 165 0.72 180 0.79 365 1.60
Aver age 0.08 0.81 0. 86 1.83
Hgh 090602 16 0.08 189 0.9 208 1.03 413  2.05
09 06 04 19 0.08 223 0.9 247 1.06 489  2.09
Aver age 0.08 0.95 1.04 2.07

“Includes | acks.

Table 4. Conparison of production between treatnent groups of 1975-brood
coho sal non reared at Sandy Hatchery, Oregon.

Tr eat ment Densi Per cent Adul ts Adul t Adul ts
G oup (kg/m~) Yield per pond per S per | pm
Low 11.7 1.64 910 13. 06 33.87
Medi um 21.8 1.83 1962 28.15 36. 50
H gh 41.9 2.07 4664 66. 63 42.32
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Tabl e 5.

at Capilano Hatchery, British Colunbia

Conditions at rel ease for 1975-brood coho sal non reared

G oup Nunber Aver age Tot al Densitg Load
of Fish size (g kg (kg/m™)  (kg/lpm)
Low 29, 290 15.6 875 7.06 0.52
Medi um Low 74, 552 19.0 1416 11. 42 0.84
Medi um Hi gh 82,102 19.1 1568 12. 65 0.93
H gh 101, 176 14.4 1457 11.75 0.87
Table 6. Catch and escapenent of 1975-brood coho sal mon reared at

Capi | ano Hat chery,

British Colunmbia

Jacks Adul t s Total?
G oup Tag Fi shery Hat chery Fi shery Hat chery
Code 4 No. 4 No. z No. % No. %
Low 02 16 17 25 0.17 601 3.2 4839 26.1 1000 5.4 6465 22.1
Medium 02 16 18 0.05 528 2.8 3243 17.0 755 4.0 4536 6.1
Low
Medi um 02 16 19 0.06 496 2.0 4695 18.9 912 3.7 6118 7.4
H gh
Hgh 02 16 20 0.02 254 1.1 3689 15.9 669 2.9 4617 4.6

“Includes | acks.
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1977- and 1978-brood fish. Also, there was a problem with establishing
accurate population numbers for the experimental raceways. Labelled
"discrepancy errors" by the authors, different numbers of fish were reported
by the authors. This jeopardized efforts to determine accurate mortality
rates as well as verify the marked to unmarked ratios. The authors assumed
the populations at release were the "calculated numbers" for purposes of
treatment group comparisons. How they determined that these figures were more
accurate than those obtained from marked to unmarked fish ratios is unclear.
These numbers are given in Sandercock and Stone (1979) and are not the same as
those from the recovery tables in Sandercock and Stone (1981). We have used
the "calculated” numbers from Sandercock and Stone (1979) for this analysis.

The results of the study are given in Tables 6 and 7. The small number
of treatment groups precluded the use of regression analysis and the lack of
replicates prevented the use of analysis of variance for establishing
statistical significance. Consequently, a graphic analysis was conducted. A
linear relationship between number of fish per group (or density) and percent
survival was found (Fig. 1). No mortality rates for the juveniles were given,
so this aspect of the analysis was not done.

This experiment at Capilano Hatchery stimulated a growing interest in
rearing density as a factor in the survival of hatchery salmonids. The
density study was continued for two more brood years at Capilano Hatchery in
1977 and 1978 (Fagerlund et al., 1983; Fagerlund et al., 1989). These

experiments seemed to be expanded versions of the 1975-brood experiment.
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Table 7. Conparison of production between treatment groups of 1975 brood coho
sal non reared at Capilano Hatchery, British Col unbia

Tr eat nent Densi Per cent Adul ts Adul t S Adul ts
G oup (kg/m~) Yield per pond per m per | pm
Low 7.06 22.1 5839 47.09 3.48
Medium Low 11.42 6.1 3998 32.25 2.38
Medium H gh 12. 65 7.4 5607 45. 22 3.34
High 11.75 4.6 4358 35.15 2.59
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Fig. 1. Relationship between rearing density and percent yield for coho

salmon reared at Capllano Hatchery, British Colunbia.
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The conditions at release for these two brood years are presented in Table 8.

The experiment with 1977-brood fish was relatively sinple. Different
nunbers of fish were placed in four separate raceways to create four rearing
densities. Average fish weight was different at release in all four
treatments. In contrast, the 1978-brood experiment seemed to have an overly
conpl ex design, including a size at release experinment as well as a density
experinment. As a consequence, the relationship between density and fish site
or nortalities tended to beconme obscured. Experinents, such as that of Bllton
et al. (1981), where only tine and site at release were exanined, provided a
much clearer denmonstration of the relationship between size and adult
survival .

Recoveries from both broods was relatively high. reaching al nost 30% in
sone instances (Tables 9 and 10). Calculation of overall percent survivals
for the 1978-brood was done by assuming that the three size classes were
present equally in the raceways. Data on the average popul ation sizes and
size distributions within the populations were not available. Using this
approach, we could estimate the average size and the density of these ponds.
Wth this assunption we could al so derive a percent survival for the entire
group (Table 10).

The results of the 1977-brood experlment suggested an inverse
rel ationship between percent yield and density (or load). although regression
anal ysis showed no significant relationship at the 95& confidence |level. No
significant relationship was found between adults per pond and rearing
density. Wth the 1978-brood experinent, regression analysis showed a
significant relationship between adult yield per pond and rearing density, but

not with percent yield and rearing density.
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Tabl e 8.
reared at

Conditions at release for 1977- and 1978-brood coho sal non
Capllano Hatchery, British Col unbia

Brood Year, Nunber  Mortality Average Tot al Denslgy Load"
G oup of Fish %) size (g) kg (kg/m”)  (kg/lpm)
1977
Low 56, 638 - 17.7 1003 8.09 0.60
Medium Low 75. 780 16.6 1258 10. 15 0.75
Medium H gh 84,387 15.4 1307 10. 54 0.78
High 104, 551 - 13.8 1443 11. 64 0.86
1978
LowP 49,410 1.2 13.6 679 5. 48 0. 40
smal | 10.5
medi um 13.9
| arge 18.0
Mediun® 70,313 1.2 13.1 921 7.43 0.55
smal | 11.1
medi um 13.9
| arge 17.2
HighP 78,195 1.9 12.7 993 8.01 0. 59
smal | 9.4
medi um 12. s
| arge 16.2
Low 51, 329 0.6 13.2 678 5. 46 0. 40
Medium 63, 105 0.5 12.3 776 6. 26 0. 46
High 91, 811 0.7 12.5 1148 9.26 0.68

%Flow was estimated at 28 liters per second.

bweights are only approxinmate. The values given assumethat equal
proportions of snmall, medium and large fish are present in the ponds.
Measured wei ghts are given for groups segregated by size but these
represent only 30,000 fish fromthe entire popul ation. Allcal cul ations

of density and load have this error included.
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Table 9. Catch and escapenent for 1977- and 1978-brood coho sal mon reared
at Capilano Hatchery, British Columbia. Al hatchery and fishery nunbers
i ncl ude jacks.

Brood Year, Ta Fi shery Hat chery Tota

G oup Code No. X No. % No. %
1977

Low 02 21 23 4933 8.71 2973 5.25 7906 13.96

Medi um Low 02 20 41 7017 9.26 3941 5.20 10958 14. 46
Medium Hgh 02 16 49 5603  6.64 3232 3.83 8835 10. 47

Hi gh 02 16 50 6712 6.42 3638 3.48 10350 9.90
19782
Low
smal | 02 17 01 1063 10. 63 279 2.79 1342 13.42
medi um 02 17 02 1793 17.53 365 3. 57 2158 21.10
| arge 02 17 03 1946 19.71 368 3.73 2314 23. 44
Medi um
smal | 02 17 04 936 9.79 222 2.32 1158 12.12
medi um 02 17 05 2589 26. 37 382 3.89 2971 30. 26
| arge 02 17 06 3295 32.57 447 4.42 3742 36.99
Hi gh
smal | 02 17 07 997 9.75 339 3.31 1336 13. 06
medi um 02 17 08 1637 17. 37 431 4. 57 2068 21. 94
| arge 02 17 09 1612 14.81 387 3.55 1999 18. 36
Low 02 21 26 7905 15. 40 2264 4.41 10168 19. 81
Medi um 02 19 24 10356 16.41 2486 3.94 12842 20. 35
H gh 02 20 58 13652 14.87 3498 3.81 17187 18.72

“values for percent survival fromdensity groups split into small, nedium and larg
groups were given in Fagerlund et al. (1983; 1989). No values for the numbers of f
rel eased per group was provided.
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Table 10. Conparison of production between treatnent groups of 1977-
and 1978-brood coho sal non reared at Capllano Hatchery, British Col unbia.

Brood Year, Denslsy Percenta Adul ts Adul t 5, Adul ts
Tr eat ment (kg/m”) Yield per pond per m per | pm
G oup

1977
Low 8.09 14.0 7906 63. 77 4.71
Medi um Low  10.1s 14.5 10, 958 88. 38 6. 52
Medi um Hi gh 10. 54 10.5 8835 71. 26 5.26
Hi gh 11. 64 9.9 10, 350 84.08 6. 20

1978
LowP 5. 48 19.3 9599 77.43 5. 71
MediumP 7.43 26. 5 18, 765 151. 40 11.17
Highb 8.01 17.8 13, 833 111. 60 8.23
Low 5.46 19.8 10, 168 82.02 6. 05
Medi um 6. 26 20. 4 12, 842 103. 58 7.64
Hi gh 9.26 18.7 17,187 138. 63 10. 23

;Includes jacks (o 1.0%of the run).
Calculated by assunption that three sizes of fish are present in
equal proportions in the ponds.
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In 1979-1982, a series of density studies were conducted at Eagle Creek
National Fish Hatchery in Estacada, Oregon (Holway, 1980, 1981, 1982). The
purpose of the experinment was to conpare adult returns fromdensity studies at
Eagle Creek National Fish Hatchery with those at Capllano Hatchery. In
particular, density factors (Piper et al., 1982) would be conpared. One of
the major differences in technique at the two hatcheries was pond splitting.
At Capllano Hatchery, only one pond-split occurred when the fish were ponded
fromthe rearing tanks in June of the first production year. Fish were
started at a very low density and gradual |y increased the density to a maxi mum
at release without splitting or handling the fish again. Because of linited
space and water supply in the sumrer, fish at Eagle Creek National Fish
Hatchery were reduced in density three tines before rel ease. Consequently,
maxi mum densities were reached four tines at Eagle Creek Hatchery instead of
twice as in the Canadian procedure.

Anot her difference between the two hatcheries was to include density
| evel s 50% higher at Eagle Creek than at Capllano Hatchery. Conditions at
rel ease for the three brood-years of experinmental releases are shown in Table
11.

Al though there were several unpublished progress reports on the
devel opnent of the experiment (Holway, 1980, 1981, 1982), the results of the
experinments were not tabulated. W obtained final recoveries fromthe Pacific
Marine Fisheries Council database (Mark Lewi s, personal communication). A
formal wite-up on the experinent woul d have been of much greater help in
interpreting the results. Recoveries are shown in Table 12

Because of the small nunber of treatment groups and the lack of
replicates, the 1979-brood could only be anal yzed by graphic analysis. An

inverse relationship was found between rearing density and percent yield (Fig.
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Table 11
reared at

Conditions at release for 1979-1981 broods of coho sal non
Eagle Creek National Fish Hatchery, Oegon.

Brood Year, Number  Mortality Average Tot al Densl Load
G oup of Fish (X)) size (g) kg (kg/m”) (kg/lpm)
1979
Low 43,568 6.5 32.0 1393 30.75 0.74
Medi um 83, 740 5.4 32.2 2696 59.52 1.42
High 126, 785 21. 4 32.3 4082 90.12 2.16
1980
Low 19, 105 6.7 32.2 615 13.58 0.32
20, 041 15.7 34.7 695 15. 33 0.37
Medi um 42,640 2.1 31.5 1344 29. 68 0.71
42,412 1.9 28.7 1218 26. 89 0.64
High 66, 628 2.6 28.0 1857 40. 99 0.98
66, 269 2.2 27.4 1867 41.22 0.99
1981
Low 21,243 34.1 725 16. 01 0.38
21, 663 34.1 740 16. 33 0.39
Medi um 40, 910 - 31.5 1290 28. 47 0.68
42,082 32.7 1374 30.34 0.73
High 65,045 31.3 2037 44. 96 1.08
62, 343 31.3 1952 43.09 1.03

“%In t he 1979-brood, furuncul osis i nfested the high density group
before the second pond split.

mortality rates were available for the 1981 brood.
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Tabl e 12.

Catch and escapenent for 1979-1981 broods of coho salnon reared at Eagle

Creek National Fish Hatchery, O egon.
Jacks Adul ts Tot al
Brood Year, Tag Fi shery Hatchery  Fishery Hat chery
G oup Code No. X No. 3 No. p 3 No. z No. z
1979
Low 05 08 27 23 0.05 - - 1329 3.05 114 0.26 1466 3.37
Medi um 05 08 28 13 0.02 - - 1900 2.28 200 0.24 2113 2.52
H gh 05 08 26 45 0.04 - 2931 2.31 299 0.24 3275 2.58
1980
Low 05 10 3s O 0O 3 002 231 121 36 0.19 270 1.42
05 10 36 O 0O 2 001 182 1.01 18 0.10 202 1.12
Medi um 05 10 37 0 0O 6 0.02 481 1.20 74 0.18 561 1.40
Cs 10 38 0 0O 6 002 429 1.11 76 0.20 511 1.32
Hi gh 0510 39 23 0.04 14 0.02 664 1.03 100 0.16 801 1.2s
05 10 40 O O 2 0.003 641 1.03 117 0.19 760 1.22
1981
Low 0511 38 1 0.01 8 0.04 166 0.82 80 0.40 255  1.26
05 11 37 1 0.01 5 0.02 215 121 73 0.35 294  1.40
Medi um 051136 2 0.01 8 002 303 077 104 0.27 417  1.06
05 11 35 0 0 9 0.02 28 0.70 9% 0.23 390 0.95
High 05 11 34 0 0 11 0.02 375 0.60 127 0.20 513 0.82
05 11 33 2 0.003 20 0.03 487 0.81 145 0.24 654 1.08
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Fig. 2. Relationship between rearing density and percent yield for 1979-brood

coho salnon reared at Eagle Creek National Fish Hatchery.
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2), although percent yields for the mddle and high density groups were
simlar. A linear relationship was also found between rearing density and
adul't yield per raceway (Fig. 3).

In the 1980- and 1981-brood experinents, experinental groups were
replicated and recoveries were analyzed by analysis of variance (Table 13).

In both brood years, the relationship between rearing density and percent
yield was not significant. However, the relationship between rearing density
and adult yield per raceway was significant for both years.

Beginning in 1980, coho salnon were reared at six densities for three
consecutive brood years at two Vshi ngton Departnent of Fisheries hatcheries,
Cow itz Hatchery and Washougal Hatchery (Hopley et al., 1991). The intent of
the study at these production-based facilities was to determne if rearing
densities affected post-release survival. Conditions at release are shown in
Tabl e 14.

The experimental design and execution was good in nost aspects. There
were mnor problens with developing a "planned flow regime" and in the capture
of returning jacks at the Washougal facility. Also, data on nortalities and
coded wire tags were not provided. Raceway dimensions and rearing periods
were different at each site, but nethods for handling the fish were simlar

The authors used a linear nodel |l ng approach for the analysis of their
percent yields, incorporating brood-year, facility, and release time into
their model. They could find no significant inprovenent of R2 val ues when
pond densities or |oading variable were included. W found no significant
rel ationship by regression analysis between rearing density and percent yield
or yield per raceway (Tables 15 and 16). Replicated treatment groups woul d

have been preferable in order to use a stronger analysis of variance approach.
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Fig. 3. Relationship between rearing density and yield per raceway for 1979-

brood coho salnon reared at Eagle Creek National Fish Hatchery, O egon.
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Table 13. Comparison of production between treatment groups of 1979-81
broods of coho salmon reared at Eagle Creek National Hatchery, Oregon.

Brood Year, Densi%y Percent Adults Adultg Adults
Group (kg/m~) Yield per pond per m per lpm
1979
Low 30.75 3.37 1443 31.85 0.76
Medium 59.52 2.52 2100 46.36 1.11
High 90.12 2.58 3230 71.30 1.71
1980
Low 13.58 1.42 267 5.94 0.14
15.33 1.12 200 4.42 0.11
Medium 29.68 1.40 555 12.25 0.29
26.89 1.32 505 11.15 0.27
High 40.99 1.25 764 16.87 0.40
41.22 1.22 758 16.73 0.40
1981
Low 16.01 1.26 246 5.43 0.13
16.33 1.40 288 6.36 0.15
Medium 28.47 1.06 407 8.98 0.22
30.34 0.95 381 8.41 0.20
High 44 .96 0.82 502 11.08 0.27
43.09 1.08 632 13.95 0.33
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Table 14. Conditions at release for 1980-82 broods of coho salmon
reared at Cowlitz and Washougal Hatcheries, Washington.

Hatchery, Number  Average  Total Density Load®
Brood year of Fish size (g) kg (kg/m=") (kg/1pm)

Cowlitz Hatchery

1980 480,645 22.7 10,911 24.07 1.42
368,900 284 10,477 23.11 1.51

459,690 23.9 10,987 24.24 1.50

436,991 25.2 11,012 24.29 1.53

553,380 25.2 13,945 30.76 2.38

623,675 23.9 14,906 32.88 2.54

1981 352,000 22.7 7,790 17.63 1.09
421,000 22.7 9,557 21.08 141

452,000 26.7 12,068 26.62 1.71

441,000 26.7 11,775 25.98 1.78

535,000 284 15,194 33.52 2.00

607,000 26.7 16,207 35.75 2.70

1982 378,800 25.2 9,546 21.06 1.48
454,100 25.2 11,443 25.24 1.47

490,600 23.9 11,725 25.87 1.87

550,400 26.7 14,696 32.42 2.84

547,400 25.2 13,795 30.43 2.81

620,373 26.7 16,564 36.54 3.22

Washougal Hatchery

1980 41,600 22.7 944 3.14 0.71
51,315 21.6 1,108 3.69 0.80

61,543 21.6 1,329 4.42 1.04

74,647 20.6 1,538 5.12 1.17

88,158 21.6 1,904 6.34 1.45

105,091 21.6 2,270 7.55 1.63

1981 40,020 23.9 956 3.18 0.72
48,641 23.9 1,163 3.87 0.83

57,530 23.9 1,375 4.58 1.07

71,330 23.9 1,705 5.67 1.30

83,218 23.9 1,989 6.62 1.52

101,264 23.9 2,420 8.05 1.74

1982 39,600 25.2 998 3.32 0.82
48,300 25.2 1,217 4.05 0.95

56,746 23.9 1,356 4.51 1.19

82,600 25.2 2,082 6.93 1.67

70,500 26.7 1,882 6.26 1.78

100,900 25.2 2,543 8.46 1.92
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Table 15. Catch and escapement for 1980-1982 broods of coho salmon reared
at Cowlitz and Washougal Hatcheries, Washington.

Hatchery, Density Fishery Hatchery Total
Brood Yr (kg/m’ ) Jack Adult Jack Adult No. %

Cowlitz Hatchery

1980 24.07 12 604 100 153 869 1.66
23.11 36 827 143 186 1192 2.31
24.24 38 753 126 187 1109 2.15
24.29 22 890 165 203 1280 241
30.76 20 796 115 206 1137 2.17
32.88 21 624 68 153 866 1.72
1981 17.63 72 640 84 199 995 1.91
21.08 118 673 91 171 1053 2.03
26.62 36 792 125 289 1242 2.39
25.98 79 734 104 227 1144 2.21
33.52 27 663 117 235 1042 2.03
35.75 11 739 79 241 1070 2.04
1982 21.06 544 16 99 666 1.29
25.24 3: 501 17 120 670 1.30
25.87 6 634 18 162 820 1.60
32.42 26 626 22 117 791 1.54
30.43 13 460 20 120 613 1.21
36.54 | 648 23 146 818 1.57
Washougal Hatchery
1980 3.14 8 311 5 50 374 0.93
3.69 15 296 7 53 371 0.77
4.42 20 536 6 96 658 1.30
5.12 12 448 2 80 542 1.07
6.34 7 454 1 70 532 1.04
7.55 2 355 5 65 428 0.85
1981 3.18 0 248 1 54 303 0.76
3.87 0 167 0 42 209 0.43
4.58 0 234 0 45 279 0.56
5.67 0 208 0 49 257 0.50
6.62 164 0 50 214 0.41
8.05 8 289 0 59 348 0.67
1982 3.32 2 800 4 102 908 2.32
4.05 5 866 4 127 1002 2.10
451 3 1035 7 143 1118 2.27
6.93 2 740 0 140 882 1.67
6.26 0 839 7 119 958 1.83
8.46 2 947 7 120 1076 2.05
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Table 16. Comparison of production between treatment groups of
1980-1982 broods of coho salmon reared at Cowlitz and Washougal
Hatcheries, Washington.

Hatchery, Densigy Percent Adults Adult Adults
Brood year (kg/m>) Yield per pond per m per lpm

Cowlitz Hatchery

1980 24.07 1.66 757 1.67 0.10
23.11 2.31 1013 2.24 0.15
24.24 2.15 940 2.08 0.13
24.29 2.41 1093 241 0.15
30.76 2.17 1002 2.21 0.17
32.88 1.72 77 1.72 0.13
1981 17.63 1.91 839 1.85 0.12
21.08 2.03 844 1.86 0.13
26.62 2.39 1081 2.39 0.15
25.98 2.21 961 2.12 0.15
33.52 2.03 898 1.98 0.12
35.75 2.04 980 2.16 0.16
1982 21.06 1.29 643 1.42 0.10
25.24 1.30 621 1.37 0.09
25.87 1.60 796 1.76 0.13
32.42 1.54 743 1.64 0.14
30.43 1.21 580 1.28 0.12
36.54 1.57 794 1.75 0.15

Washougal Hatchery

1980 3.14 0.93 361 1.20 0.27
3.69 0.77 349 1.16 0.25
4.42 1.30 632 2.11 0.49
5.12 1.07 528 1.76 0.40
6.34 1.04 524 1.75 0.40
7.55 0.85 420 1.40 0.30
1981 3.18 0.76 302 1.01 0.23
3.87 0.43 209 0.70 0.15
4.58 0.56 279 0.93 0.22
5.67 0.50 259 0.86 0.20
6.62 0.41 214 0.71 0.16
8.05 0.67 348 1.16 0.25
1982 3.32 2.32 902 3.01 0.74
4.05 2.10 993 3.31 0.78
451 2.27 1178 3.93 1.03
6.93 1.67 880 2.93 0.71
6.26 1.83 958 3.19 0.90
8.46 2.05 1067 3.56 0.81
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One area of interest was the authors® use of analysis of scales from
returning adults. They postulated two factors which might reduce the growth
rate of fish in the hatchery and cause a reduced size of the fish at release.
These were increased densities and the disease incidence resulting from the
increase in rearing densities. The data from analysis of adult scales showed
no size differences among the treatment groups of juveniles that survived to
adulthood.

In 1983, a subcommittee of the Clatsop Economic Development Committee
(CEDC) implemented a BPA-sponsored project to develop a low-cost comnunity-
oriented salmon rearing facility (Hill et al., 1989). The facility was to
provide fall chinook and coho salmon for a terminal fishery on Youngs Bay,
Oregon. As part of this specific project, a rearing density study with coho
salmon was conducted. Conditions were as shown in Table 17.

This experiment was poorly designed to determine the effects of rearing
density. The following conditions made it extremely difficult to interpret
the return data in terms of rearing density:

1) Pond dimensions, flows and volumes were estimated. No techniques
were described for determining the precision or accuracy of their estimates.

2) No diseased fish or mortalities were determined during rearing so
the final number of fish released was only estimated. The only estimate of
mortalities was in the 1986 release group from pond 1, where an estimated
20,000 fish died.

3) The size of the fish at release varied in the two ponds (Table 17).
During the first two years, both densities and loads at release were similar
in the two ponds because of the differences in size. On the third year, the
size of the fish was estimated to be the same for the two ponds and

consequently the density of pond 2 was nearly twice that of pond 1.
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Table 17. Conditions at release for 1984-1986 broods of coho salmon
reared for CEDC at Astoria, Oregon.

Brood Pond Number Number Average Total Densit; Load
Year of Fish tagged size (g) kg (kg/m>) (kg/1pm)
1982
1 93,431 26,631 47.6 4450 1.18 1.96
2 207,943 26,609 27.8 5773 1.39 1.53
1983
1 98,543 25,574 33.8 3328 0.88 1.47
2 203,683 24,690 27.8 5655 1.36 1.49
1984
1 120,651" 27,643 36.2 4366 1.15 1.92
2 263,126 45,583 36.2 9523 2.29 2.52

9This value was assumed after subtracting an estimated 20,000 mortalities.
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4) A strategy for volitional release of the fish was used "where the
retaining screens are removed and pond levels maintained at or near full
capacity, allowing outmigration to occur when such an activity is naturally
triggered”. The release periods varied from a few days to several weeks, so
the time of release was not held constant.

5) Most of the data on returns were incomplete at the time of the
report. Also, the distribution of the fish between tag codes was not provided
in several instances. For complete data on these returns, one would have to
utilize the PMFC database. We have not done this at the present time.

The lack of replicate groups precluded the use of analysis of variance
for interpretation of the data. Similarly, the small number of treatment
groups did not permit the establishment of a relationship between rearing
density and percent yield or adult yield by regression analysis.

Consequently, we turned to graphic analysis.

Recoveries from the three years of releases are shown in Table 18. Fish
from 1982 and 1983 broods reared in pond 1 survived in greater numbers than
those reared in pond 2 (Table 18 and Fig. 4A). The same relationship is
reflected in the percent yield (Fig. 4B). These results are probably due to
the increased size of the fish in pond 1 because the densities and loads were
not very different in those two years.

With 1984-brood fish, pond 1 had a severe disease outbreak which killed
an estimated 20,000 fish. Percent yield from the fish in pond 1 was about
twice that of pond 2, although the numbers of recovered adults was about equal
(Table 18). No difference in size between the two ponds was noted for this
release year.

From the confused design and large number of uncontrolled variables, we

were unable to conclude anything about the relationship between rearing

44



Table 18. Catch and escapement for 1982-1984 broods of coho salmon reared
at the CEDC facility at Astoria, Oregon.

Brood Pond Tag Fishery Hatchery Total
Year Code No. % No. % No. %
1982 | 073141 4150 4.83 682 0.07 4578  4.90
2 07 31 42 1094 0.53 82 0004 1102 0.53
1983P 1 07 33 44 - - - - 5518 5.60
2 07 33 43 - - - - 2218 1.04
1984P 1 0738502 - - - - 1689  1.40
2 07 38 43-5 - - - - 1579 0.60

“Jacks only reported.

PThe authors reported that 7788 coded-wire tagged 1982-brood coho salmon
were recovered by the fishery and 349 returned to the hatchery. The
distribution by tag code was not reported. They also reported that 3954
1984-brood fish were captured by the fishery and 5 returned to the hatchery.
Again, the distribution by tag codes was not provided. These numbers were
not consistent with the numbers reported by brood year in their tables.
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Figure 4. Relationship between approxinate rearing density and adults per
pond or percent yield for coho salnon reared at the CEDC facility at Astoria,

O egon.
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density and percent yield or adult yield from these experiments. The
comparison between groups shown in Table 19 is provided for continuity with
the other studies.

In 1981 and 1982, density studies were conducted at Quinsam River Salmon
Hatchery, British Columbia. The intent was to look at density-related
effects, both in adult recoveries and in juvenile physiological parameters.
The conditions for release for both brood years are shown in Table 20. In
both years, an effort was made to keep size and weight between density groups
at constant levels, but these efforts were only "moderately effective”. In
addition, both broods were stricken with two periods of disease. With the
1981-brood, furunculosis occurred in the summer of 1982 and the spring of
1983. The 1982 brood was affected in the summer of 1983 with furunculosis and
with cold water disease in the spring of 1984. The incidence of cold water
disease was found by the authors to be positively correlated with density.

In both brood years, fish were sorted into small, medium, and large
groups for experiments with the effects of size at release. This made the
density experiment much more complicated to interpret. No information was
provided on the average size of the fish in the ponds at the various
densities, so it was necessary to assume that the three size groups were
present in equal numbers. This assumption was used throughout the
calculations. The authors calculated their rearing densities based on the
numbers of fish originally ponded. Because of the mortalities in the ponds
during rearing (which reached as high as 25%), the numbers at release when
maximum rearing densities were reached do not necessarily reflect the numbers
originally ponded. We recalculated rearing densities using the above

assumption and population numbers corrected for mortalities.
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Table 19. Comparison of production between treatment groups of

1982-1984 broods of coho salmon reared at the CEDC facility at
Astoria, Oregon.

Brood Pond Denslty® Percent Yield Yield Yield
Year (kg/m~) yield per pond per m3 per 1pm
1982 1 1.18 4.90 4578 1.22 2.02

2 1.39 0.53 1102 0.29 0.29

19830 1 0.88 5.60 5518 146  2.43
-2 1.36 1.04 2218 0.59 0.59

1984P 1 1.15 1.40 1689 0.45 0.74
2 2.29 0.60 ‘1579 0.42 0.42

“Densities were calculated from approximate rearing dimensions
and assumed depth. Actual rearing volumes were not known.
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Table 20. Conditions at release for 1981- and 1982-brood coho salmon
reared at Quinsam River Salmon Hatchery, British Columbia.

Brood Year, Number  Mortality Average Total Densigy Load?®
Group of Fish (%) size (9) kg (kg/m” ) (kg/1pm)
1981
Low 71,796 1.6 25.9 1860 14.99 0.81
Medium Low 81,743 8.7 22.7 1856 1497 0.81
Medium High 101,848 13.3 23.5 2393 19.30 1.04
High 91,252  24.8 23.2 2117 17.08 0.92
1982
Low 50,284 3.0 21.9 1101 8.88 0.48
Low 53,492 5.8 22.7 1214 9.79 0.53
Medium 67,240 12.4 19.8 1331 10.74 0.58
Medium 76,479 7.9 23.2 1774 14.31 0.77
High 80,032 19.0 21.1 1689 13.62 0.73
High 82,815 18.6 20.7 1714 13.83 00.75
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Our findings indicated no significant relationship between final rearing
densities and percent yield or between final rearing density and numbers of
adults per pond for either of the two brood years. We did find a significant
negative relationship between mean fish weights and percent yield for the
1981-brood coho salmon (Tables 21 and 23). The bigger the smolts were at
release, the less likely they were to survive. This is contrary to the
findings of numerous other authors (Johnson, 1961; Bilton et al., 1982). With
the 1982-brood, no significant relationship was found (Tables 22 and 24).

With only two brood years that show opposite effects, one cannot determine the
relationship between size and percent yield. It was noted, however, that the
number of jacks increased with increasing smolt size. Final results are
summarized in Table 25.

In 1981 and 1982, juvenile coho salmon were reared in a paired three-way
factorial design of density and load at Willard National Fish Hatchery,
Washington (Banks, 1992). This experiment was nicely designed. Because of
the replication, data could be analyzed by analysis of variance and standard
errors could be assigned to the recovery of adults. |Incidence of disease and
physiological effects of the treatments were evaluated during the rearing
period. Conditions at release for both brood years are shown in Table 26.

Bacterial kidney disease was detected and treated in both brood years.
Cold water disease was"present and treated in the 1981-brood. A conscientious
effort was made to verify statistically the occurrence and effects of
diseases.

Post-release survival was assessed by marking and tagging about 25,000
fish per raceway just after initial stocking in the rearing ponds. No coded-

wire tag data or population sampling data were presented, however (Banks,
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Table 21. Data at release for density study with 1981-brood coho
salmon reared at Quinsam River Salmon Hatchery, British Columbia.

Group, Ta Number Tag Length Weight
Size Coge Tagged Retention (cm) (9)
Low
small 02 19 63 9282 0.93 12.8 + 0.6 21.3 + 3.3
medium 02 20 07 9329 0.93 13.6 £+ 0.6 255 % 35
large 02 20 08 9584 0.93 14.4 + 0.9 29.7 £ 59
Medium Low
small 08 21 16 4003 0.95 12.6 + 0.7 195 + 3.1
small 08 21 17 4001 0.95 12.6 £ 0.7 203 £ 3.5
small 08 21 18 4018 0.95 12.4 + 0.7 195 + 3.2
medium 08 21 55 3890 0.95 12.8 £ 0.6 209 + 2.8
medium 08 21 56 3707 0.95 13.2 + 0.7 23.0 £+ 3.9
medium 08 21 57 3751 0.95 13.2 + 0.7 227 £ 3.3
large 08 21 58 4074 0.95 13.7 £ 0.7 253 £ 4.2
large 08 21 59 4106 0.95 13.8 # 0.7 259 %+ 4.4
large 08 21 60 4010 0.95 139 + 0.8 271 £ 5.0
Medium High
small 02 20 09 9405 0.95 125 + 0.8 20.1 + 3.8
medium 02 20 10 9471 0.95 13.3 + 0.8 240 + 4.6
large 02 20 11 9860 0.95 13.7 + 1.0 273 £ 7.0
High
small 02 19 60 8281 0.87 12.7 + 0.8 205 + 3.9
medium 02 17 62 8229 0.87 131 + 0.8 231 + 4.4
large 02 19 62 8093 0.87 13.6 + 0.8 255 + 5.0
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Table 22.

Data at release for a density study with 1982-brood
coho salmon reared at Quinsam River Salmon Hatchery, British

Columbia.
Group, Tag Number Tag Length Weight
Size Code Tagged Retention (cm) (9)
Low
small 08 22 38 9686 0.97 12.3 + 0.6 185 + 2.9
medium 08 22 39 9636 0.97 12.8 + 0.6 211 + 3.5
large 08 22 40 9637 0.97 13.4 + 0.8 249 + 5.1
Low
small 08 22 29 9401 0.96 12.2 £ 0.7 185 + 3.1
medium 08 22 30 9672 0.96 13.0 + 0.8 225 + 4.0
large 08 22 31 9419 0.96 13.6 + 0.8 264 + 5.3
Medium
small 08 22 32 9153 0.93 11.8 £ 0.7 16.1 + 3.2
medium 08 22 33 9111 0.93 12.4 + 0.8 18.6 £ 4.2
1 arge 08 22 34 9122 0.93 129 + 0.8 212 £ 4.2
Medium
small 08 22 41 9800 0.98 124 + 0.7 20.0 £ 3.2
medium 08 22 42 9784 0.98 12.8 + 0.6 219 + 3.1
large 08 22 43 9830 0.98 13.3 + 0.8 251 + 4.6
High
small 08 22 35 8731 0.89 12.1 £ 0.9 18.3 # 3.3
medium 08 22 36 8686 0.89 125 + 0.6 20.3 + 3.1
large 08 22 37 8778 0.89 13.0 £ 0.8 23.0 £ 4.0
High
small 08 22 44 9843 0.99 122 + 0.5 182 + 2.5
medium 08 22 45 9795 0.99 125 £+ 0.5 195 + 2.8
1 arge 08 22 46 9817 0.99 131 £ 0.7 224 ¢ 4.1
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Table 23. Catch and escapement for 1981-brood coho salmon reared
at Quinsam River Salmon Hatchery, British Columbia.

Group, Tag Jacks Adults Total
Size Code Fishery Hatchery
No. % No. % No. % No. %

Low
small 02 19 63 11 0.12 390 4.20 226 2.44 627 6.76
medium 02 20 07 22 0.24 392 4.20 210 2.25 624 6.67
large 02 20 08 50 0.52 331 3.45 136 1.42 51ii 5.39

Medium Low
small 08 2 16 3 0.08 435 10.87 170 4.25 608 15.19
small 082 17 O 0.00 311 7.77 148 3.70 459 11.47
small 082 18 5 0.12 350 8.71 189 4.70 544 13.54
medium 08 2 55 3 0.08 227 5.84 121 3.11 351 9.02
medium 08 2 56 16 0.43 239 6.45 151 4.07 406 10.95
medium 08 2 57 24 0.64 328 8.74 125 3.33 477 12.72
large 08 2 58 20 0.49 251 6.16 98 2.41 369 9.06
large 08 2 59 24 0.59 265 6.45 112 2.73 401 9.77
large 08 2 60 25 0.62 276 6.88 155 3.87 456 11.37

Medium High
small 02 20 09 10 0.11 503 5.35 214 2.28 726 7.73
medium 02 20 10 13 0.14 430 454 157 166 600 6.34
large 02 20 11 35 0.36 310 3.14 111 1.13 45  4.63

High
small 02 19 60 10 0.12 306 3.70 186 2.25 502 6.06
medium 02 17 62 15 0.18 277  3.37 113 1.37 405 4.92
large 02 19 62 25 0.31 252 3.11 101 125 378 4.67
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Table 24. Catch and escapement for 1982-brood coho salmon reared
at Quinsam River Salmon Hatchery, British Columbia.

Group, Tag Jacks Adults Total
Size Code Fishery Hatchery
No. % No. % No. % No. %

Low
small 08 22 38 66 0.68 846 8.73 204 2.11 1116 11.51
medium 08 22 39 126 1.31 725 7.52 222 2.30 1073 11.14
large 08 22 40 326 3.38 803 8.33 171 1.77 1300 13.49

Low
small 08 22 29 86 0.92 933 9.92 265 2.82 1284 13.66
medium 08 22 30 187 1.93 986 10.19 224 2.32 1397 14.44
large 08 22 31 476 5.05 749 7.95 189 2.01 1414 15.01

Medium
small 08 22 32 31 0.34 604 6.60 157 1.72 792 8.65
medium 08 22 33 73 0.80 626 6.87 134 1.47 833 9.14
large 08 22 34 178 195 563 6.17 146 160 887 9.72
Medium
small 08 22 41 70 0.71 721 7.36 220 2.25 1011 10.32
medium 08 22 42 127 1.30 772 7.89 201 2.05 1100 11.24
large 08 22 43 228 2.32 705 7.17 148 1.51 1081 11.00
High
small 08 22 35 45 0.52 658 7.54 178 2.04 881 10.09
medium 08 22 36 54 0.62 722 8.31 147 1.69 923 10.63
large 08 22 37 158 1.80 745 8.49 161 1.83 1064 12.12
High
small 08 22 44 30 0.31 653 6.63 153 1.55 836 8.49
medium 08 22 45 46 0.47 694 7.09 158 1.61 898 9.17
large 08 22 46 126 1.28 565 5.76 127 1.29 818 8.33
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Table 25.

Salmon Hatchery,

Comparison of production between treatment groups of
1981- and 1982 broods of coho salmon reared at Quinsam River

British Columbia.

Values for calculated

results

are based on the assumption that the three size classes of fish
are present in the ponds in equal numbers.

Brood Year, Densigy Percent Adults Adult Adults
Group (kg/m>) Yield per pond per m per lIpm
1981
Low 14.99 6.27 1685 13.59 0.73
Medium Low 14.97 11.45 3951 31.87 1.72
Medium High 19.30 6.23 1725 13.91 0.75
High 17.08 5.22 1235 9.96 0.54
1982
Low 8.88 12.04 2971 23.96 1.29
Low 9.79 14.37 3346 26.99 1.45
Medium 10.74 9.17 2230 17.99 0.97
Medium 14.31 10.85 2767 22.32 1.20
High 13.62 10.95 2611 21.06 1.14
High 13.83 8.66 2350 18.95 1.02
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Table 26. Conditions at rel ease for 1981- and 1982-hrood coho sal non
reared at WIllard National Fish Hatchery, Washington.

Brood Year, Nunber Aver age Tot al Toti} Densit Load
Flow (Ipm  of fish size (g) kg2 kg (kg/m>)  (kg/lpm)
1981
757 25, 000 22.9 537 520 14.8 0.71
50, 000 24.2 1158 1124 32.0 1.53
75, 000 23.2 1605 1557 44.3 2.12
1514 25, 000 22.2 530 502 14.3 0.35
50, 000 23.9 1120 1082 30.8 0.74
75, 000 23.0 1620 1574 44.8 1.07
2271 25, 000 23.0 545 517 14.7 0.24
50, 000 22.9 1190 1051 29.9 0.48
75, 000 23.9 1681 1620 46. 1 0.74
1982
757 25, 000 23.7 484 471 13. 4 0.64
50, 000 24.6 1037 1005 28.6 1.37
75. 000 24.0 1347 1307 37.2 1.78
1514 25, 000 23.8 500 485 13.8 0.33
50, 000 24.9 1075 1047 29.8 0.71
75, 000 24.5 1378 1332 37.9 0.91
2271 25, 000 22.3 500 474 13.5 0.22
50, 000 25.1 977 949 27.0 0.43
75, 000 24.1 1453 1405 40.0 0.64
ECalculated fromval ues given in Banks (1992) for |oad.

Cal cul ated fromvalues given in Banks (1992) for density, assum ng that
raceway volume is 35.1 m . Densities and loads in the present table are
calculated from this val ue.
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1992). Raceway load was found to have no effect on growth or in-hatchery
survival of the juveniles.

Nearly 60% of all the recoveries of tags were from adults that returned
to the hatchery. Only two of the fish that returned to the hatchery were
jacks (Table 27). Significant relationships both between rearing density and
percent yield and between rearing density and adults per pond were found
(Table 28). Specifically, "adult yield increased by 3.4 fish for each
increase of 1,000 fingerlings stocked". The author then stated that "the
optimum fingerling production level at Willard Hatchery is at least equal to
or in excess of 75,000 fish per raceway'". The author concluded that 'the
increased cost of rearing fish at this level is small in comparison to annual
expenditures for operation, maintenance, and administration, which are not
related to levels of production intensity".

Lowest density groups were found to produce the largest adults. No
effects of rearing density on sex ratios, catch:escapement ratios, or catch

distributions were found.
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Table 27. Catch and escapenent for 1981 and 1982 broods of coho
sal non reared at WIlard National Fish Hatchery, Washington.

Fl ow Nunber Percent Recovery of Adults®
(lpm) of fish 1981-brood 1982-brood
757 25, 000 0.43 # 0.01 0.84 + 0.08
50, 000 0.41 # 0.02 0.65 + 0.08
75, 000 0.40 + 0.08 0.62 £ 0.09
1514 25, 000 0.42 # 0.02 0.59 # 0.13
50, 000 0.40 # 0.02 0.59 # 0.11
75, 000 0.30 + 0.00 0.53 £ 0.01
2271 25, 000 0.56 + 0.13 0.71 # 0.01
50, 000 0.43 + 0.00 0.46 # 0.01
75, 000 0.41 + 0.04 0.65 + 0.00

“Recovery nunbers include fishery catch and hatchery returns.
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Table 28. Conparison of production between treatnment groups of
1981 and 1982 broods of coho salnon reared at Wl lard National
Fi sh Hatchery, Washington.

Brood year, Nunber Per cent Adul ts Adul t 3 Adul ts
flow (Ipm of fish Yield per pond per m® per |pm
1981
757 25,000 0.43 +£0.01 101 + 4 2.8 0.13
50,000 0.41 # 0.02 194 +# 11 553 0.26
75,000 0.40 £ 0.08 277 £59 7.89 0.37
1514 25,000 0.42 + 0.02 98 22 279 0.07
50,000 0.40 # 0.02 18 # 7 530 0.12
75,000 0.30 £ 0.00 214 + 4 6.10 0.14
2271 25,000 0.56 + 0.13 131 + 32 3.73 0.06
50,000 0.43 £ 0.00 201 # 1 573 0.09
75,000 0.41 + 0.04 286 + 30 8.51 0.13
1982
757 25,000 0.84 + 0.08 173 # 12 4.93 0.23
50,000 0.65 + 0.08 273 £ 31 7.78 0.36
75,000 0.62 + 0.09 346 + 49 9.86 0.46
1514 25,000 0.59 + 0.13 135 £ 32 3.8 0.09
50,000 0.59 # 0.11 255 45 7.26 0.17
75,000 0.53 #£ 0.01 297 £ 5 8.46 0.20
2271 25,000 0.71 # 0.01 146 + 4 4.16 0.06
50,000 0.46 # 0.01 180 +# 4 513 0.08
75,000 0.65 # 0.00 391 # 1 11.14 0.17
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Chi nook Sal non

One of the earliest of the density studies using 1975- and
1976-brood spring chinook sal mon was conducted at Cowlitz
Hat chery (Hopl ey, unpublished). The intent of the research was
to determne optinmum | oading rates during rearing as well as the
econom c costs per unit density. The conditions prior to rel ease
are shown in Table 29.

This experinment was well designed and execut ed.

Experimental densities were replicated, flow rates were held
constant, nortality rates were |ow and di sease incidence was

al rost nonexistent. Mrtality rates, data on coded-w re tagging
and tag retention were not presented in the nmanuscript.
Escapenent and recovery data was presented in a conbined form
such that no age class differentiations could be achieved.

Data for total percent recoveries of the 1975 and 1976
broods were anal yzed by anal ysis of variance (Table 30). At a
95% confi dence level, the relationship between density and
percent yield for the 1975-brood was significant. The
relationship for the 1976-brood was not. Wen the brood years
were conbined, the relationship was significant. Alternatively,
because the nean densities were not particularly close between
brood years, the data was al so anal yzed by regression anal ysis.
Using a regression analysis, a significant negative relationship

bet ween density and total percent survival was found.
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Table 29. Conditions at release for 1975- and 1976-brood spring
chinook sal non reared at Cowl itz Hatchery, Washington

Brood Year, Nunber Aver age Tot al Densi Load
G oup of Fish size (g) kg (kg/m~)  (kg/lpm)
1975
Low 28, 746 133.5 3838 6.78 0.50
27,967 3734 6.59 0.49
Medi um 61, 782 122.7 7581 13. 38 1.00
61, 658 7565 13. 36 1.00
Hi gh 88. 051 119.5 10,519 18. 57 1.39
88. 691 10, 596 18.71 1.40
1976
Low 28, 227 90. 8 2563 4,53 0.34
27,776 2522 4.45 0.33
Medi um 56, 964 100.9 5747 10. 15 0.76
58, 262 5878 10. 38 0.78
High 87, 966 113.5 9984 17.63 1.32
89, 433 10, 151 17.92 1.34
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Table 30. Conparison of production between treatment groups for
1975- and 1976-brood spring chinook salmon reared at Cow itz Hatchery,
Washi ngt on.

Brood Year, Densi Per cent Adulis bAduI t,s3 Adul ts
G oup (kg/m°)  Yield® per pond® per m per |pm
1975
Low 6.78 1.78 499 0.88 0.07
6.59 1.96 548 0.97 0.07
Medi um 13. 38 1.46 905 1.60 0.12
13. 36 1.34 827 1.46 0.11
H gh 18. 57 0. 84 738 1.29 0.10
18.71 0.99 879 1.55 0.12
1976
Low 4.53 1.66 468 0.83 0. 06
4. 45 1.81 504 0.89 0.07
Medi um 10. 15 1.93 1092 1.93 0.14
10. 38 1.78 1036 1.83 0.14
High 17. 63 1.63 1435 2.53 0.19
17.92 0.93 831 1. 47 0.114

;No data available for recoveries of different year classes.
Calculated from percent yield and nunber of juveniles per pond.
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W al so ran analysis of variance for the relationship
bet ween density and adult yield per pond for each brood year. At
a 95% confidence level, fish fromthe 1975-brood showed a
significant relationship between density and adults per pond,
whil e those fromthe 1976-brood did not. Conbi ned, they showed a
significant relationship. Regression analysis also indicated a
significant positive relationship between density and adults per
pond.

In 1979 and 1980, a density experinent was conducted at
Capi | ano Hatchery, British Colunbia, using fall chinook sal non.
Vari abl e nunbers of fry were ponded into 3 Burrow s ponds in
February. G oups of 75,000 fish fromthe 1979 brood from each
pond were tagged in late May of 1980. For 1980-brood fi sh,
tagging occurred in April or early May of 1981. However, in
1981, two sanples of about 40,000 fish fromeach pond that were
| arger or smaller than the nean |length were marked with coded-
wire tags. Thus, both rearing density and size at rel ease were
exam ned for effects on survival to adulthood. Conditions at
rel ease for both brood-years are given in Table 31.

Before release of the fish, sanples were taken to estimte
popul ati on nunmbers by calculating the ratios between tagged- and
untagged fish (Table 32). W have assuned, with the authors,
that this estimate nost closely approxi mates the popul ation size.
The differences observed between the initial and final popul ation
estimates may represent either error in the estinates or |osses

due to unrecorded nortality.
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Table 31. Conditions at release for 1979- and 1980-broods of fall
chi nook sal non reared at Capilano Hatchery, British Col unbia.

Br oGroguYear, Nunber Mortality Average Tot al Densigga LoadP
p of Fish (%) size (Q) kg (kg/m (kg/lpm)
1979
Low 212,713 0.55 6.11 1300 10. 48 0.54
Medi um 340,435  0.68 5.98 2036 16. 42 0.85
High 398,940 0.32 5.69 2270 18.31 0.95
1980
Low 171,219  0.37 7.76 1329 10. 72 0.55
Medi um 272,310 0.48 7.83 2132 17. 20 0.89
H gh 378, 422 0.45 7.62 2884 23. 26 1.20
“Volume of the ponds was never stated. It is assuned that it is the

sane as that for Capilano coho sal mon described in Fagerlund et al.
£1983), that is, 5.6 mx 24.6 m x 0.9 m = 123.98 w>.
Flowis assumed to be 40 L/second, or 2400 L/mnute, for all ponds.

Table 32. Data at release for 1979- and 1980-broods of fall chi nook
salnon reared at Capilano Hatchery, British Colunbia.

Brood Year, Tag Length Vi ght
G oup Code (cm) (8)
1979
Low 02 18 32 8.51 + 0.68 6.11 + 1.49
Medi um 02 18 31 8.40 + 0.66 5.98 + 1.44
High 02 18 30 8.24 £ 0.72 5.69 # 1.53
1980
Low smal | 02 21 51 8.60 + 0.42 6.52 £ 1.03
large 02 21 50 9.54 + 0.38 8.84 + 1.27
Medi um smal | 02 21 53 8.61 + 0.37 6.52 + 0.95
| arge 02 21 52 9.54 £ 0.35 8.92 + 1.19
Hi gh smal | 02 19 40 8.52 # 0.47 6.89 + 1.03
large 02 19 41 9.50 + 0.35 8.72 £ 1.13
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Yields of fish by year-class are shown in Table 33,
presented as fish returning per 100,000 rel eased. The actua
nunbers of fish captured could not be determned fromthe data
given, because the exact nunber of fish in the large- and small-
Size groups of the 1981-release were not given. However, it is
possible to calculate the total return for each raceway if it is
assuned that there were equal numbers of large- and snall-size
fish in the raceways. Results fromthese calculations are
provided in Table 34, together with the percent returns for the
I ndi vidual tag codes.

The lack of replicates for the groups precluded the use of
anal ysis of variance for detecting significant differences
bet ween groups. | nstead, we used regression analysis to
determine if significant relationships existed between density
and percent survival and between density and nunber of adults
surviving. No significant relationships were detected, although
the nunmber of groups was small. \Wen we exam ned the results by
graphic analysis, results suggested that the percent recovery
decreased as the rearing density increased, while the nunbers of
fish surviving increased as the density increased. Surviva
between the years was significantly different, wth nore fish
surviving fromthe 198i1-release. This may have been partly due
to the increased size of fish released in 1981, but it is nore
l'ikely that ocean conditions between years affected the survival
of juveniles.

Fagerlund et al. (1987) say little about the relationship

bet ween density and survival in their technical report. They
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Table 33. Catch and escapenent of 1979- and 1980-brood fall chi nook
salnon reared at Capilano Hatchery, British Columbia. Nunbers given are
recoveries per 100, 000 released®.

Brood Year, Fisheryb Hat chery Tot al Per cent
G oup Jacks  Adults Jacks Adults Jacks Adults Yield
1979
Low 279 334 49 54 328 388 0.72
Medi um 246 328 34 24 280 352 0.63
High 198 352 44 31 242 383 0.63
1980
LOW
smal | 730 943 34 74 764 1017 1.78
| ar ge 1219 1390 96 174 1315 1464 2.88
Medi um
smal | 565 683 23 75 588 758 1.35
| ar ge 1194 1375 165 156 1359 1531 2.89
H gh
smal | 542 646 13 87 555 733 1.29
| ar ge 916 1382 150 128 1066 1510 2.58

“Experimental groups of the 1980-brood were divided into smalT and
large populations for tagging. The nunber of tagged fish was not
recorded, so that the number of fish recovered could not be cal cul ated
gpr each tag group (Fagerlund et al., 1987).

Fi shery includes Canadian sport and conmercial catch plus A askan
(U.S.) catch.
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Table 34. Conparison of production between treatment groups for 1979-
and 1980-brood fall chinook salnon reared at Capilano Hatchery, British
Col unbi a

Brood Year, Densigy Per cent Adul ts Adul t s Adul ts
)

G oup (kg/m vield® per pond per m3 per | pm
1979
Low 10. 48 0.72 1451 11.7 0. 60
Medi um 16. 42 0.63 2171 17.5 0.90
Hi gh 18. 31 0.63 2206 17.8 0.92
1980
Low 10.72 2.33 3688 29.7 1.54
smal | 1.78
| arge 2.88
Medi um 17. 20 2.12 5177 41.3 2.13
smal | 1.35
| arge 2.89
H gh 23.26 1.93 6540 52.8 2.73
smal | 1.29
| arge 2.58

“Calculation of percent yield for the pond assunes that small and |arge
popul ations are present in equal nunbers.
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appeared to be nore concerned about the changes in physiology and
body conposition of fish in the hatchery in relation to stress
fromrearing density. They do remark in their conclusions that
"“increasing the density reduced the overall return rate"™ and that
small fish were affected nore than the larger fish

Beginning with the 1981-brood year, a five-year density
study with fall chinook salmon was carried out at Elk R ver Fish
Hatchery, Port orford, Oregon. The objectives of the study were
wel | -defined, but, unfortunately, the experinent was never
summari zed.  Much of the information required for analysis of the
results is still raw data and not readily available. pata
presented in annual reports for the study are summarized here.
The fish were reared in nodified Burrow s ponds at |evels of
approxi mately 25,000, 35,000, and 45,000 fish per pond. Release
data is presented in Table 35.

In an Oregon Departnent of Fish and WIldlife menorandum
dated 11 August 1982, replicated pairs of each density group were
described. However, the sane coded-wire tag code was used for
each of the replicates. This effectively negated the utility of
the replicate pond in providing estimates of error. |n each year
subsequently, only single ponds were used for each group. Return
data for the releases are given in Table 36 and 37.

Because of the lack of replicates and the small nunber of
ponds, data could not be analyzed statistically within a single
rearing year. The large variation in percent survival (from

4.26%to 0.25% also precluded sinple averaging and tests of
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Tabl e 35.
reared at

Conditions at release for 1981-1985 broods of fal
Elk River Hatchery, O egon.

chi nook sal non

Brood Year, Nunber Fl ow Aver age Tot al Densi Load

G oup of Fish (1pm) size (g) kg (kg/m (kg/lpm)
19812

Low 26, 046 1817 32.01 834 7.48 0.46

Medi um 36, 909 1842 32.90 1214 10. 89 0. 66

H gh 46, 828 1827 31.44 1472 13. 20 0.81
1982

Low 27, 350 1688 47.29 1293 11.59 0.77

Medi um 35, 030 1696 45. 40 1590 14. 26 0.94

Hi gh 45, 990 1734 47.79 2198 19.71 1.27
1983

Low 26,778 1930 46. 33 1241 11.13 0.64

Medi um 38, 083 2044 45, 86 1746 15. 66 0.85

H gh 48, 555 2203 44,51 2161 19. 38 0.98
1984

Low 27,221 1665 41.98 1143 10. 25 0.69

Medi um 38, 645 1726 39. 43 1524 13.67 0. 88

H gh 47.221 1635 41.59 1964 17.61 1.20
1985

Low 26, 842 1741 35.75 960 8.61 0.55

Medi um 37, 308 1703 33. 88 1264 11. 34 0.74

H gh 46, 755 1749 31.75 1484 13.31 0.85

“values represent the averages from paired ponds.

single tag code.

70

Each pair had only a



Table 36. catch and escaperment for 1981-1985 broods of fall chinook sal nmon
reared at Elk River Hatchery, Oregon.

Jacks Adul ts Tot al

Brood Year, Ta Fi shery Hatchery Fishery Hatchery

G oup Code No. X2 No. Z No. X No. X No. X
19812

Low 07 26 05 0 0 10 0.04 144 0.52 23 0.08 177 0.64

Medi um 07 26 04 3 0.01 18 0.06 102 0.36 26 0.09 149 0.53

Hi gh 07 26 03 1 0.003 1 0.003 54 0.20 13 0.04 69 0.25
1982

Low 07 29 15 0 0 4 0.01 105 0.39 11 0.04 120 0.44

Medi um 07 29 14 0 0 7 0.03 110 0.43 7 0.02 124 0.48

Hi gh 07 27 22 0 0 50.02 48 0.18 4 0.01 57 0.21
1983

Low 07 29 17 32 0.12 56 0.21 979 3.72 55 0.21 1122 4.26

Medi um 07 29 16 24 0.09 45 0.17 960 3.64 74 0.29 1103 4.19

H gh 07 29 18 22 0.08 57 0.21 727 2.73 66 0.25 872 3.27
1984

Low 07 29 19 5 0.02 19 0.07 421 1.58 66 0.24 521 1.95

Medi um 07 29 20 7 0.03 28 0.11 365 1.38 46 0.28 654 2.46

H gh 07 29 21 12 0.04 22 0.08 313 1.15 36 0.14 666 2.45
1985

Low 07 29 22 21 0.09 64 0.26 743 3.02 54 0.22 882 3.59

0 3
Medi um 07 29 24 13 0.05 40 0.16 550 2.16 57 0.23 660 2.60
Hi gh 07 29 23 3 0.01 14 0.06 426 1.67 60 0.23 503 1.97

“Values represent the sumfrompaired ponds. Each pair had only a single tag
code.

71



Table 37. Conparison of production between treatment groups of 1981-
1985 broods of fall chinook salnon reared at Elk River Hatchery, O egon.

Brood Year, Densisy Per cent Percent Adults  Adult Adul ts

G oup (kg/m°) Yield nortality per pond per n§ per | pm
1981"

Low 7.48 0. 64 1.68 177 1.59 0.10

Medi um 10. 89 0.53 2.49 149 1.34 0.08

Hi gh 13. 20 0.25 1.66 69 0.62 0.38
1982

Low 11.59 0.44 1.87 120 1.08 0.07

Medi um 14. 26 0.48 1.57 124 1.11 0.07

High 19.71 0.21 1.98 57 0.51 0.03
1983

Low 11.13 4.26 0.92 1122 10. 06 0.58

Medi um 15. 66 4.19 0.73 1103 9.89 0.54

Hi gh 19. 38 3.27 1.03 872 7.82 0.40
1984

Low 10. 25 1.95 1.30 521 4. 67 0.31

Medi um 13. 67 2.48 1.77 654 5.87 0.38

H gh 17.61 2. 45 1.64 666 5.97 0.41
1985

Low 8.61 3.59 0.91 882 7.91 0.51

Medi um 11. 34 2.60 0.86 660 5.92 0.39

Hi gh 13.31 1.97 1.16 503 4.51 0.29

“Values in this brood year come from paired ponds. Each pair had only
a single tag code. The adults per pond represents the sum of recoveries
fromthe two ponds. CQher values are calculated from this nunber.
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means. | nstead, we normalized the data by setting percent yield
of the medium density groups equal to 100 and conparing the
percent yield of the low- and high density groups relative to the
medi um density group. By this nmeans, we coul d show that percent
yield of the Iow density group was 112.8% that of the medi um
density group, and that of the high density group was 65.6% t hat
of the medium density group (Table 38, Figure 5).

In a simlar analysis, nunbers of returning adults and jacks
per pond were nornalized (Table 38, Figure 6). Nunbers of
returning fish in the nediumdensity groups for each brood-year
were assumed to be 100. Returning fish fromthe |ow and high
density groups were then conpared to this value. Fish per pond
fromthe | ow density group returned at 104.8% that of the medi um
density group, while fish per pond fromthe high density group
were only 69.9%that of the medi umdensity group.

W concluded fromthese anal yses that there was an inverse
rel ati onship between density and percent survival. Nunbers of
fish returning per pond were simlar in the two |ower groups, but
were less in the high density group. It is interesting that the
effect of high density rearing seens to be nore severe when
overall average survival was | ow.

In 1982, the Fishery Restoration and Enhancenent Division of
the Al aska Departnment of Fish and Game conducted a density study
at Deer Muntain Hatchery, using Unuk River spring chinook sal non
(Denton 1988). This facility is located within Ketchikan, and is

owned by the City of Ketchikan. Final conditions before rel ease
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Table 38. Percent yield and adults per pond nornalized for recoveries
of 1981-1985 broods of fall chinook salnon reared at Elk River Hatchery,
Oregon. Mediumdensity groups are set equal to 100 for each brood year

Brood Year, Densigy Percent Nornalized Adul ts Nor mal i zed

G oup (kg/m~) Yield val ues per pond val ues
1981"

Low 7.48 0. 64 120. 3 167 112.1

Medi um 10. 89 0.53 100.0 149 100.0

High 13. 20 0.25 46. 6 69 46. 3
1982

Low 11.59 0. 44 91.1 120 96. 8

Medi um 14. 26 0.48 100.0 124 100.0

Hi gh 19.71 0.21 44,1 57 46.0
1983

Low 11.13 4.26 -101.7 1122 101.7

Medi um 15. 66 4.19 100.0 1103 100.0

High 19. 38 3. 27 78.1 872 78.1
1984

Low 10. 25 1.95 113.0 521 79.7

Medi um 13. 67 2.48 100.0 654 100.0

High 17.61 2.45 83.3 666 101. 8
1985

Low 8.61 3.59 138.1 882 133.6

Medi um 11. 34 2.60 100.0 660 100.0

High 13.31 1.97 75.9 503 76.2

Average for 5 years

Low 112. 8 104. 8
Medi um 100.0 100. 0
High 65. 6 69.9

“Values in this brood year come frompaired ponds. Each pair had only

a single tag code. The adults per pond represents the sum of recoveries
fromthe two ponds. Qher values are calculated fromthis nunber.
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Figure 5. Relationship between rearing density and nornalized
percent yield for 1981-1985 broods of fall chinook sal non reared
at Elk River Hatchery.
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Figure 6. Relationship between rearing density and nornalized
adult yield per pond for 1981-1985 brood of fall chinook sal non
reared at Elk River Hatchery.
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are shown in Table 39, while catch and escapenent data for the
three treatnment groups are given in Table 40.

This experinent was designed and executed well. |t is
unfortunate that it was inconplete in several aspects:

1) No nortalities, flows, coded-wire tagging data or tag
retention rates were provided.

2) More treatnment groups over several release-years would
provi de better insight into optinmumrearing densities, as well as
the effects of ocean conditions on the survival at the various
rearing densities.

The report was brief but suggestive. Because the treatnent
groups were not replicated in any manner, we could not use
anal ysis of variance and regression analysis for examning the
data. By graphic analysis, results suggested that percent yield
was inversely related to the rearing density and | oad (Table 41;
Fig. 7). The nunber of adults returning to the facility was
rel atively independent of the nunber of fish per raceway except
at the highest rearing density and load (Fig. 8).

In 1978, a study was conducted at Little Port Walter on
Baranof |sland using wild spring chinook fromthe Unuk River,
near Ketchikan (Martin and Vertheiner, 1989). The paper of
Martin and Werthei mer (1989) was one of the first published
studies to correlate chinook rearing densities with adult
returns. The intent of this experinment was to determne the
operating cost per returning adult, assum ng that the feeding
costs varied with rearing density while the facility costs

remai ned fi xed. Rel ease conditions were as shown in Table 42.
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Table 39. Conditions at release for 1981-brood spring chinook sal non
reared at Deer Mountain Hatchery, Al aska.

Nunber Nunber  Average Tot al Densi Load

G oup of Fish tagged size (g) kg (kg/m (kg/lpm)
Low 8,529 8,341 17.7 151 6.9 0.21
Medi um 16, 863 15, 784 16. 6 280 12.8 0.39
Hi gh 39,1460 15,882 17.8 697 32.0 0.97

Table 40. Catch and escapenent for 1981-brood spring chinook sal non reared at
Deer Muntain Hatchery, Al aska.

Fishery at age: Hat chery at age: Total at age: Per cent
G oup 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6 Yield

Low 0 0 129 63 23 2 32 81 190 21 2 32 210 253 44 6.34
Medium O O 89 99 17 6 17 100 213 14 6 17 189 312 31 3.29
Hi gh O 0 67/ 16 7 7 5 58 157 23 7 5 125 173 30 0.87
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Table 41. Conparison of production between treatnent groups of 1981-
brood spring chinook sal mon reared at Deer Mountain Hatchery, Al aska.

G oup Density Per cent Adults  Adul t 5 Adul ts
(kg/m>) Yield per pond per o per | pm
Low 6.9 5.94 507 23.21 0.71
Medi um 12.8 3.15 532 24. 36 0.74
High 32.0 0.84 328 15. 02 0. 46

Table 42. Conditions at release for 1978-brood spring chinook sal non
reared at Little Port Walter, Alaska. Size is given as nean weights +
standard errors.

Si ze, Nunber Aver age Tot al Densi Load
Density of Fish size (9) kg (kg/m (kg/1pm)

Small (mean wt = 10 @)

Low 11, 000 10.1 # 0.08 111 9.81 0.41

22,700 10.2 # 0.08 232 10. 22 0.41
Medi um 31.200 10.3 £ 0.04 321 14.19 0. 66

42, 400 9.9 # 0.06 420 18.53 0.85
Hi gh 28, 000 9.7 £ 0.14 272 23.97 1.12

Large (mean wt = 30 @)

Low 4, 800 3.2 £ 1.25 150 6. 61 0.30
Medi um 8, 100 31.8 + 0.50 258 11. 37 0.55
High® 8, 400 28.2 £ 0.40 237 20.91 0.93

“The hi gh density popul ati on was accidently killed and replaced with
the popul ation fromone of the replicated medi um density groups.

81



Figure 7. Relationship between rearing density and percent yield
for 1981-brood spring chinook sal non reared at Deer Muntain

Hat chery, Al aska.
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Figure 8  Relationship between rearing density and yield per
pond for 1981-brood spring chinook salnon reared at Deer Muntain

Hat chery, Al aska.
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This study was carried out for only a single year. There
were creditable efforts to establish nortalities, growth rates,
and timng of release. The authors did a good job of pointing
out the conplexities of the trade-off between density and size on
t he age-cl asses, percent return, and econom c efficiency.

In the results presented, there were sone inconsistencies
between the authors' Table 1 and Figure 4. The nunber of fish
per raceway calculated fromtheir Table 1 was very different from
the nunbers of adults provided in their Figure 4. No coded-wre
tag data was given and all recovery nunbers were inconplete at
the publication date. W based our anal yses on the corrected
formof Table 1 and consequently have no final recovery nunbers
(Table 43). In addition, this study had a small nunber of non-
replicated groups. Regression analysis of the relationship of
density to adult yield showed no significance, probably due to
the small nunmber of groups. Gaphic analysis suggested that
there was a relationship between rearing density and percent
yield (Fig. 9) but no relationship between rearing density and
adult yield per pond (Fig. 10).

In the years of 1982-1985, four broods of spring chinook
salnmon were reared in a paired "three-way factorial design" of
density and | oad at Carson National Fish Hatchery, WAshington
(Banks, 1993). W chose to work with the author's nunbers for
density and load, using his density rates to calculate the total
kil ogranms of fish per raceway (Table 44).

This experinent and its design were very simlar to that of

Wl lard National Fish Hatchery, \Washington (Banks, 1992). Like
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Table 43.  Conparison of production for treatment groups of 1978-brood
spring chinook salnon reared at Little Port Walter, Al aska

Si ze, Densi Per cent Adul ts Adult3 Adul ts
Density (kg/m Yield per pond per m per | pm

Smal | (mean wt = 10 g)

Low 9.81 1.39 153 13.50 0.56

10. 22 1. 39 315 13.91 0. 56
Medi um 14.19 1.03 321 14. 17 0. 66

18. 53 0.91 385 16. 99 0.78
High 23.97 0.74 206 18. 18 0.85

Large (mean wt = 30 @)

Low 6.61 3.00 144 6. 36 0.29
Medi um 11. 37 2.37 192 8.48 0.41
H gh" 20.91 2.19 184 16. 24 0.72

ZThe high density population was accidently killed and replaced with
the popul ation fromone of the replicated nedi umdensity groups.
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Figure 9. Relationship between rearing density and percent yield
for 1978-brood spring chinook salnon reared at Little Port

Wal ter, Al aska
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Figure 10. Relationship between rearing density and adult yield
per pond for 1978-brood spring chinook salnon reared at Little
Port Walter, Al aska.
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Table 44. Conditions at release for 1982-1985 broods of spring chinook
salnon reared at Carson National Fish Hatchery, Washington.

Brood Year, Nunber Vi ght Tot al Densi Load
Flow (I pm) of fish (kg) kg (kg/m~) (kg/lpm)
1982
757 20, 000 26.3 520 15.2 0.69
40, 000 25.4 1009 29.5 1.33
60, 000 25.2 1450 42. 4 1.92
1514 20, 000 25.1 489 14.3 0.32
40, 000 25.5 995 29.1 0. 66
60, 000 24.8 1460 42.7 0.97
2271 20, 000 25.5 499 14.6 0.22
40, 000 23.9 944 27.6 0.42
60, 000 25.6 1460 44,2 0.67
1983
757 20, 000 26. 8 335 9.8 0.45
40, 000 26.8 674 19.7 0.89
60, 000 27.1 862 25.2 1.29
1514 20, 000 24.2 400 11.7 0.27
40, 000 26.9 831 24.3 0.55
60, 000 26.6 1173 34.3 0.77
2271 20, 000 26.6 455 13.3 0. 20
40, 000 25.7 862 25.2 0.38
60, 000 26.9 1122 32.8 0.50
1984
757 20, 000 23.5 414 12.1 0.54
40, 000 23.1 770 22.5 1.01
60, 000 23.5 1125 32.9 1.49
1514 20, 000 22.8 397 11.6 0.28
40, 000 23.5 845 24.7 0. 56
60, 000 23.2 1146 33.5 0.76
2271 20, 000 23. 4 441 12.9 0.19
40, 000 22.7 814 23.8 0. 36
60, 000 23.5 1200 35.1 0.53
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Table 44. Conditions at release for 1982-1985 broods of spring chinook
sal non reared at Carson National Fish Hatchery, Washington (continued).

Brood Year, Nunber Vi ght Tot al Densi Load

Fl ow (1pm) of fish (kg) kg (kg/m>) (kg/1lpm)
1985

757 20, 000 25.5 499 14.6 0. 66

40, 000 25.3 1002 29.3 1.33

60, 000 24.5 1457 42.6 1.92

1514 20, 000 26. 3 520 15.2 0.35

40, 000 25.1 1002 29.3 0. 66

60, 000 25.1 1488 43.5 0.98

2271 20, 000 25.6 503 14.7 0.22

40, 000 25.4 1012 29.6 0.45

60, 000 25. 4 1505 44.0 0.67
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the Wllard experinent, this one was well set up. Analysis of
variance could be perforned and standard errors coul d be assigned
to adult recoveries. W chose to stay with the author's anal yses
for determning results. They included the follow ng:

1) Fingerling nortality from bacterial kidney disease
(BKD), particularly in the 1983- and 1984-brood years, Wwas
related to increased rearing density and decreased flow. The
aut hor noted that his pathol ogi cal anal yses of disease incidence
did not show this relationship Exact nortality and di sease
counts were not given in the paper

2) Increased density resulted in | ower percent survival,
whil e increased flow appeared to yield higher percent survival
(Table 45). Differences between survival rates of different
broods were attributed to annual variations in ocean conditi ons.

3) Wth increased density, no significant differences were
found in adults per raceway wthin the 1982- and 1985-brood
years. A significant decrease in adults per raceway was found
wthin the 1983- and 1984-brood years (Table 45).

4) Lengths, sex ratios, and age conpositions did not show
any treatment effects for hatchery returns.

Wth these results, the author recomended that the usua
practice of rearing 40,000 fish per raceway at a flow of 1,514
liters per mnute be reduced, for reasons of econom cs, incidence
of disease, water quality, and production potential, to 20,000

fish per raceway at 1514 liters per mnute.
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Tabl e 45.

Conparison of production for treatment groups of 1982-1985
broods of spring chinook sal non reared at Carson National

Fi sh Hatchery,

Washi ngt on.
Brood Year, Densi Per cent Adul ts Adult§ Adul ts
Flow (lpm) (kg/m”) Yield per pond per m~ per lpm
1982
757 15.2 0.43 £ 0.05 86 # 11 2.51 0.11
29.5 0.39 + 0.08 153 + 32 4.47 0.20
42.4 0.13 # 0.03 73 + 15 2.13 0.10
1514 14.3 0.54 £ 0.09 108 + 20 3.16 0. 07
29.1 0.28 £ 0.06 109 + 24 3.19 0. 07
42.7 0.25 # 0.08 147 + 46 4.29 0.10
2271 14.6 0.64 £ 0.07 127 # 12 3.71 0. 06
27.6  0.32 £ 0.04 126 + 14  3.68 0.06
44.2 0.28 £ 0.03 167 £ 3 4.88 0.07
1983
757 9.8 0.82 #£0.13 103+ 19 3.01 0.14
19.7 0.45 £ 0.03 112+ 4 3.27 0.15
25.2 0.18 £ 0.01 s7+ 0 1.67 0.08
1514 11.7 0.67 £ 0.03 111+ 2 3.25 0. 07
24.3 0.29 + 0.01 88 + 9 2.57 0. 06
3.3 0.16 £ 0.00 72+ 2 211 0.05
2271 13.3 0.76 £ 0.03 130 # 15 3.80 0. 06
25.2 0.44 + 0.08 147 # 26 4.29 0.07
32.8 0.25 £ 0.02 106 + 8 3.09 0. 05
1984
757 1221 0.08 + 0.01 1+ 3 0.4 0.02
22.5 0.01 + 0.00 4+ 1 017 0. 005
3229 0.01 # 0.00 3+ 1 0.09 0. 004
1514 11.6 0.07 £ 0.01 12+ 2 0.35 0.008
2.7 0.02 # 0.00 9+ 1 0.26 0. 006
33.5 0.01 #0.01 7+ 3 0.2 0. 005
2271 1229 0.07 £0.01 1+ 2 041 0. 006
23.8 0.02 + 0.01 6+ 3 0.18 0. 003
35,1 0.01 % 0.00 3+ 1 0.09 0.001

95



Table 45 (continued).

1982-1985 broods of spring chinook sal non reared at Carson Nati onal

Comparison of production for treatment groups of

Hat chery, \Mshi ngt on.
Brood Year, Densigy Per cent Adults  Adult S Adul ts
Flow (lpm) (kg/m”) Yield per pond per m~ per |pm
1985
757 14.6 0.42 # 0.06 82 % 12 2.39 0.11
29.3 0.12 £ 0.01 48+ 2 0.17 0. 06
42.6 0.09 £ 0.01 53+ 7 155 0.07
1514 5.2 0.36 £ 0.05 72+ 10 211 0.05
29.3 0.19 + 0.06 76 £ 25 2.22 0.05
43.5 0.08 £ 0.01 47 + 4 1.37 0.03
2271 14.7 0.45 + 0.08 89 + 16 2.60 0.04
29.6 0.15 £ 0.03 61 + 13 1.78 0.03
44,0 0.18 + 0.00 106 £ 1 3.09 0.05
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Summary

Results fromthe density studies using 17 brood years of
coho sal non and 10 brood years of chinook sal mon are shown in
Figures 47 and 48, respectively. The values in these tables
represent the relationship between rearing density and percent
yield or adults per pond. They are the quantitative results of
anal ysis of variance and regression analyses or the qualitative
result of graphic evaluations.

As in many areas of fisheries, the results are not as
defined as one would desire. Both tables are replete with o’s,
representing no relationship between rearing density and percent
yield oradult yield per pond. Nevertheless, sone conclusions
can be reached. The relationships between rearing density and
percent yield shown in Tables 46 and 47 are either absent or
negative. No positive relationships were seen with either
chi nook or coho sal non. Conversely, the relationship between
rearing density and adult yield per pond is usually either absent
or positive, indicating that nore adults can be produced in ponds
of higher density. Only two studies, both wth chinook sal non,
found a positive relationship between rearing density and adult
yield per pond.

From these studies, we have reached the follow ng
concl usi ons:

1) There is usually an inverse relationship between percent

yield and rearing density, although this relationship may be
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Tabl e 46.

Summary of density experinments on coho sal non

Brood Relationship of Density to:

Hat chery Year Per cent Adul t's Ref erence
yield per pond
Sandy 1975 0 + annin?sen et al.
unpubl .
Capi | ano 1975 0 F. K. Sander cock and
1977 0 E.T. Stone, unpubl
1978 0 + (1979, 1981)
Fagerlund et al.,
(1981, 1983, 1987)
Eagl e Creek 1979 + J.E. Hol way,
1980 0 + unpubl . (1980- 2)
1981 0 +
Washougal 1980 0 0 Hopl ey et al
1981 0 0 (1991)
1982 0 0
Cowlitz 1980 0 0 Hopley et al.,
1981 0 0 (1991
1982 0 0
A at sop 1982 N/A N/A HIl et al.,
Econom ¢ 1983 N/A N/A (1989)
Devel opnent 1984 N/A N/A
Qui nsam 1981 0 0 Fagerlund et al.
1982 0 0 (1984, 1989)
WIllard 1981 + J. L. Banks,
1982 + (1986, 1992)
Tot al 17 17
Negative Rel ationship 5 0
Positive Relationship 0 7
No Rel ati onship 12 10
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Table 47. Sunmary of density experinents on chinook sal non.

Br ood Rel'ationship of Density to:

Hat chery Year Per cent Adul ts Ref erence
yield per pond
Cowitz 1975 + C. W Hopl ey,
1976 0 0 unpubl 1 shed
Deer Mountain 1977 - 0 C. Denton,
unpubl i shed (1988)
Little Port 1978 - 0 RM Mrtin and
Wl ter A \Wertheinmer (1989)
Capi | ano 1979 0 0 Fagerlund et al.,
1980 0 0 (1987)
Elk R ver 1981 - Ni chol as et al.
1982 - (1983- 1986, 1988)
1983 -
1984 - +
1985 -
Car son 1982 - 0 J. Banks, (1993)
1983 - 0
1984 - 0
1985 - 0
Tot al 15 15
Negative Relationship 12 4
Positive Relationship 0 2
No Rel ationship 3 9
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masked for reasons discussed later. The relationship is nost
strongly expressed in chinook sal non.

2) There is often a positive relationship between rearing
density and adult yield per pond. The relationship is nost
strongly expressed in coho sal non.

3) In both species, juvenile nortalities tended to increase
with rearing density, often threatening the interpretation of the
experinental results. However, this paraneter was not always
provided in the reports.

QG her anal yses may be useful to nmanagers, depending upon the
limting conditions at the hatchery. [If brood stock is abundant
but rearing space is limting, adul t s/ nt may be the paraneter of
interest. Simlarly, if water supply is the limting factor,
adults/lpm nmay be the nost useful paraneter. W& have |imted our
anal yses to the two paraneters reported in Tables 46 and 47
because these are the usual paraneters of concern to hatchery
managers.

W recommend that managers consider the goals of their
hatchery carefully in view of these suggested relationships. In
some studies, simlar nunbers of adults survived regardl ess of
the rearing density of the juveniles. In such cases, it nakes
little sense to expend extra tinme and noney to rear juveniles
that are destined not to survive. |In other instances, percent
yiel d decreased with increased rearing density but the nunber of
adults captured by the fishery or returning to the hatchery
increased. In these cases, the loss in percent survival nmay be

conpensated by the extra adults.
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The lack of a denonstration of a relationship between
rearing density and percent yield in some of the studies reported
probably results chiefly fromtwo factors. First, the nunber of
groups tested was often small so that attainnment of statistica
significance was difficult. W have tried to alleviate this
probl em sonmewhat by using qualitative graphic analyses to
determne if the relationship was present.

Secondly, in the experinmental design of some studies,
density levels within a brood year were not sufficiently
different to permt detection of significant changes in survival
For exanple, densities at Quinsam River Fish Hatchery ranged from
15 to 19 kg/m® and 9 to 14 xg/m3 for the 1981- and 1982-broods,
respectively. No significant relationship between density and
survival was determned in either instance. On the other hand,
coho fromthe 1981~ and 1982-broods at WIllard National Fish
Hat chery were reared at densities ranging from 500 to 1500 kg/m3,
a threefold increase in levels. Results fromthese studies
showed a clear relationship between rearing density and percent
yi el d.

A third possible factor was that ocean conditions influenced
the relationship. Effects of high rearing density may not be
expressed if ocean conditions are favorable, but, in years of
poor upwellings, the effects of elevated rearing nay be
detrimental to survival

The magnitude of the rearing density in kg/m3 was not a
factor in determning the relationship. Eagle Creek Hatchery

rai sed coho sal non at some of the highest rearing densities of
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all the studies, yet the study denpnstrated a negative

rel ati onship between rearing density and percent vyield.

Washougal Hatchery, on the other hand, reared coho sal non at sone
of the |owest rearing densities and found no rel ationship.

Each hatchery persents uni que characteristics which
influence the relationship between rearing density and percent
yield or adult yield per pond. The best way to deternine the
correct relationships is to conduct density experinents at each
facility, realizing that unknown conditions may even then affect
the results. W recommend that special attention be placed on
the foll owm ng areas when conducting these experinents:

1) The rearing densities tested should be w dely separated
so there is a likelyhood of achieving statistical differences
bet ween groups.

2) The experinmental groups should be replicated so that
anal ysis of variance can be used for testing differences
statistically.

3) Only one variable at a tinme should be tested. \Wen
other variables are introduced, they often obscure the results.
4) Careful records should be kept of pond sizes, water
flows, nortalities, fish sizes, and popul ation nunbers. These
are the critical data needed for conparing the results of density

st udi es.

5) Releases of all groups should take place at the sane
time. Volitional releases are not appropriate because rearing

density may affect mgration timng.
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W offer the uniformstyle of tables in this review as a
possible nmodel for future studies. W hope that this review my
provi de a beginning for a database of density studies that nmay

hel p us understand this conpl ex aspect of hatchery rearing.
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FI SH cuLTuURE AND WATER QUALI TY

Met hods and Materials

Fish Culture

Spring chinook salmon adults were collected at the Dexter
hol di ng ponds bel ow the Dexter Dam 15 mles east of Eugene. The
adults were hauled to WIllanette Hatchery in Qakridge, O egon
and were held in a 300 foot long by 15 feet wi de excavated rock
and earth pond supplied with water from Sal non Creek at a flow of
about 10,600 liters per mnute. Approximately 1600 adults were
hel d t hroughout the summer. Spawni ng occurred from Septenber
t hrough Cctober and each egg-take was incubated separately.
Juveniles released in the summer and fall of their first year
came from the earliest egg-takes. The fish used for this project
were derived fromlater spawning populations in order not to
exceed the size required for release. These fish were ponded in
groups by hatching dates.

Juvenile fish were taken randomy fromdifferent egg-take
groups and marked w th adipose-fin clips and coded-wire tags. At
the time of tagging (from1 July 1991 to 31 July 1991) they were
introduced into experinmental raceways. Because of the conplexity
of the experinental design, the letters A through G are used to
designate the different test groups (Table 48). Subscripts
represent replicates. Ideal conditions for each raceway are

given in Table 49.
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Table 48. Designations and pond nunber for experimental ponds at WIllanmette
Hat chery.

Desi gnati on Pond Characteristics
Ay T Normal density, no oxygen suppl enentation
A 17 Replicate
B1 6 Hal f density, no oxygen supplementation
By 16 Replicate
C1 8 Normal density, oxygen supplenentation
") 18 Replicate
Dy 9 Triple density, oxygen supplenentation
Dy 19 Replicate
E1 30N M chigan system first pass, oxygen added
Ej 30s Replicate
F1 20N M chi gan system second pass, oxygen added
Fg 20s Replicate
61 10s M chigan system third pass, oxygen added
) 10N Replicate
Table 49. Ideal characteristics of experinental ponds at WIlamette
Hatchery®.
Nunber Fi nal | nflow Load Pond vol une Density
G oup of fish pounds gpm pounds/gpm fts pounds/ft3
A 36, 000 3,600 500 7.2 3,700 0.970
B 18, 000 1, 800 500 3.6 3,700 0.486
C 36, 000 3,600 500 1.2 3,700 0.970
D 108, 000 10, 800 500 21.6 3,700 2.919
E,F,G 54, 000 5, 400 750 7.2 1, 850 2.919

& Characteristics given are approxi mate and shoul d be conpared with
experinental nunbers provided in the Results section
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When required, oxygen was added to the raceways through
seal ed contact colums (Westers et. al., 1988). Mbdifications of
the design to fit site-specific requirenents were determ ned
bef ore experinental rearing began (Fi sh Factory, 1990). No
packing nedia or dispersion plates were used in the colums. In
raceways w th suppl emental oxygen, dissolved oxygen in the
raceway effluent was naintained at 100% of saturation. oOxygen
flow into the contact columm was increased or decreased manual |y
using a Brooks rotoneter

Fl ows of oxygen into the water supply of the various
raceways were adjusted weekly to maintain 100% saturation of
oxygen at the outflowin all groups except groups A (controls)
and groups B. In order to adjust the oxygen flows to provide
saturated | evels of oxygen at the outflow, maxi mum oxygen denmand
during the day was determ ned and the oxygen flow was adjusted to
that |evel of demand. These adjustnents could not naintain a
constant dissol ved oxygen concentrations at the outflow but could
ensure that the fish were receiving, on the average, oxygen at
| evel s at or above saturation

Fish were fed BioMist Feed from Bi oproducts, Inc., or
Oregon Moist Pellet from More-C ark Conpany. Feed was wei ghed
daily for each pond and recorded with the cunul ative amount of
food per pond on a daily feed sheet. Fish growh was progranmed
to neet production goals based on historical nonthly weight

gai ns.
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Mrtalities of both tagged and untagged fish were enunerated
and recorded weekly for each pond when the ponds were cl eaned.
Cunul ative nortalities were used to estimate popul ation sizes
each nonth

Water tenperatures were recorded on a Tayl or thernograph.
Precipitation was recorded by a National Cceanic and Atnospheric
Adm ni stration weat her observation station |ocated at the
hat chery.

Sanpl e counts to determine fish per pound for the single
pass systens were taken at the end of each nonth by crowding the
fish. One percent of the population was sanpled in each raceway.
In the Mchigan ponds, grab sanples from various conpartnents
were taken until 1% of the popul ation was sanpled. During the
sanpling on 25 February 1993 (before release), the location in
the raceway of each sanple was recorded to determne if fish size
was different in various |ocations in the raceways. In M chigan
ponds, the cells defined by the baffles were nunmbered from1 to
6, beginning at the upstreamend, and the cell |ocation for each
sanpl e was recorded.

Gowh of the fish was cal cul ated from pond counts in three
different ways (Ricker 1975):

Absol ute Change = wy - w;
Rel ati ve Change = (wy = wi)/ w3

| nst ant aneous Rate = | oge wz- loge W3

wher e
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The weight at the end of the tine period.

S

The weight at the beginning of the tine period.

w1

Food conversions were cal cul ated fromthe change in bionmass
of the raceway and the anmount of food fed. The change in the

bi omass was cal cul ated as:

Delta B = ((N1-M)/S3) - (N1/S3)
wher e
Delta B = The change in the biomass.

N3 = The nunber of fish in the pond at the start.

M = The observed nortalities.

S = The sanple count at the end of the nmonth in
number of fish per Kkg.

S1 = The sanple count at the beginning of the

month in nunmber of fish per kg.

The conversion rate each nonth was then cal cul ated as:

Conversion Rate = Delta B /kg food.

Length frequencies were obtained during tagging, in early
Cctober, in md Decenber and in late February. Fork lengths from
sanpl es of about 200 fish were recorded.

Nunbers of fish per raceway at release were calculated from

nmeasurenents of fish per pound and the total pounds of fish in a
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raceway. Total pounds of fish in a raceway were determned from
wat er di spl acenent when fish were |oaded into |iberation trucks.
The nunbers estimated at rel ease were then conpared wth
popul ati on nunbers estimated fromnonthly inventories.

Bl ood hematocrit |evels were determ ned by standard net hods
in March just before |iberation

In addition to the fish raised at Wllanette Hatchery,
382,024 spring chinook salnmon were reared at the Dexter hol ding
ponds to ensure that mtigation goals for the hatchery were
attained. These fish were also marked with coded wire tags and
adipose fin clips. Sanples for water quality anal yses were taken
periodically. At release, total nunbers were estimted by the

nmet hods descri bed above.

Water Chem stry

Water sanples were collected weekly between 12:15 and 13: Q0.
At that tine, initial feeding of the fish was conpl eted and one
exchange of water had taken place wthout the presence of human
activities. The water sanples were taken in the sane order:
inflow into Goup E, outflow fromGoup E, outflow from G oup F,
outflow from Goup G outflow from Goup D, outflow from Goup C,
outflow from Goup A, outflow from Goup B inflow from an indoor

rearing trough set up to record water tenperatures.
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Di ssol ved gases were neasured using a Common Sensi ng node
TBO-F Total Dissolved Gas and Oxygen Monitor. D ssol ved oxygen

in parts per mllion was cal cul ated by the follow ng fornul as:

Di ssol ved Oxygen (ppm) = po * beta o 31.9988 * 1000/ (760%*
22.414)

where beta = exp(-58.3877 = msasrew o (100/(273.15 + ©°C)))

+ (23.8439 * (1n(°C+273.15))))

The pH was neasured at the sanple site using an Orion pH
neter nodel SA230 and an Orion conbinati on pH el ectrode.

Al kalinity analysis was done by the titration nethod in
Clesceri et al. (1989). An end point of 4.5 pH units was
determ ned potentionetrically using the Oion pH neter.

Samples of 600 M water were filtered through whatman 934- AH
filters, dried at 103-105°c and wei ghed using a Cahn DTL
el ectrobal ance to determ ne suspended solids (Cesceri et al.
1989) .

Amoni a anal ysis was done using the phenate nethod (C esceri
et al. 1989). The sanples and standards were read at 630 nm
using a Mlton Roy Spectronic 21 spectrophotoneter or a Shinmadzu
Model W 1201 spectrophotoneter.

A Royce System VI water quality nonitoring system was
installed in 1992 to record the diel changes in dissol ved oxygen,
tenperature, and pH. Dissoved oxygen probes were placed at the

inflow and outflow of ponds designated A2, B2, C, D2, EH, F1,
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and Gi. Tenperature probes were installed with the dissolved
oxygen probes. A pH probe was installed at the inflow of pond C2
to neasure the pH of incomng water supplied to ponds A2, B2, 2,
and D2. A series of pH probes were placed at the outflow of
ponds A2, B2, C2, and D2. In the M chigan ponds, pH probes were
placed at the inflows for ponds El, Fi1,and 61 and at the outfl ow
of pond Gi1. In these ponds, no differences in pH were observed
between the outflow of a pond and the inflow of the pond
directly below it. Data was collected and stored at three
different tine resolutions: 6 mnute intervals, 30 mnute
intervals and 60 minute intervals. This data was al so condensed

and stored for intervals of 48 hours, 10 days and 30 days.
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Resul ts and Di scussi on

Di ssol ved Oxygen

I n 1992-1993, variations in dissolved oxygen concentrations
over a 24-hour period was followed with the Royce continuous
nmonitoring system Exanples of this variation are shown in Figs.
11, 12, and 13. In August, dissolved oxygen levels in groups A2
and D2 varied inversely with tenperature (Fig. 11), reflecting
changes in nmetabolic activity with tenperature. Tenperatures
reached maxima in the raceways near 1800 hours, resulting in the
| onest dissol ved oxygen concentrations at that time. The average
di ssol ved oxygen level in the effluent of the raceway A2 w t hout
oxygen supplenentation did not attain saturation and remained in
the range of 5-8 ppm In contrast, the dissolved oxygen
concentration in the effluent of raceway D2 w th oxygen
suppl enentation averaged 9-12 ppm  Because of the high density
of fish in raceway D2, dissolved oxygen concentrations reached
lows of 3.9 ppmfor short periods during pond cleaning. |If a
m ni num di ssol ved oxygen concentration of 5 ppmduring rearing is
to be maintained at all tines, nodifications in the pond cleaning
procedures shoul d be addressed.

I n Novenber (Fig. 12), when tenperatures varied irregularly
from s-8°c, the dissol ved oxygen concentrations in the effluent
of ponds A2 and D2 did not show the diel fluctuation present in

August at higher tenperatures. Dissolved oxygen |evels
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Figure 11. Diel changes in oxygen concentrations at the outflow
of ponds A2 (-a-) and D2 (-g-) from Ol August 1992 to 16 August

1992. Tenperatures at the inflow are also shown (-A-).
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Figure 12. D el changes in oxygen concentrations at the outflow
of ponds A2 (-0-) and D2 (-®-) from 05 Novenber 1992 to 30

Novenmber 1992. Tenperatures at the inflow are also shown (-&-).
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in pond A2 were relatively constant at about 10.5 ppm while
those in pond D2 were slightly higher at 11-13 ppm D ssol ved
oxygen concentrations in February for the effluents of the two
ponds (Fig. 13) were simlar to that in Novenber, except that the
tenperatures were lower and the dissolved oxygen concentrations
slightly higher.

In the Mchigan ponds, diel changes in dissolved oxygen in
ponds El and Fl occurred in August (Fig. 14). The magnitude of
t he changes was greater than in pond D2, especially in ponds Fl
and d. One of the greatest changes in dissolved oxygen occurred
in pond @ on August 1, when the dissolved oxygen concentration
in the effluent varied between 14 ppmand 4 ppm These |arge
changes resulted fromthe recycling of the water through the
ponds. During the warm part of the day, pond El consuned the
maxi mum anount of oxygen. \Wen the water was punped into the
colum at the head of pond FIl the water was enriched in oxygen
but not as fully as that at the head of raceway El. A simlar
enri chnent took place at the head of raceway A. Consequently,
fluctuations tend to be augnented after the third use of water in
pond 4.

I n Novenber and February (Figs.15 and 16), sone diel
fluctuation in oxygen concentration in the effluents of the
M chi gan series of ponds was still evident, although it was
reduced by the cooler tenperatures. During the cool est water
tenperatures in February, diel fluctuation in dissolved oxygen

concentration di sappear ed.
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Figure 13. Diel changes in oxygen concentrations at the outflow
of ponds A2 (-g-) and D2 (-W-) from 12 February 1993 to 28

February 1993. Tenperatures at the inflow are also shown (-&-).
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Figure 14. Dpiel changes in oxygen concentrations at the outflow
of ponds El (-w=-), F1 (-a-) and G1 (-4 -) from 01 August 1992

to 16 August 1992. Tenperatures at the inflow are also shown (-
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Figure 15. Diel changes in oxygen concentrations at the outflow
of ponds El (-em-), F1 (-a-) and G1 (-<—) from 15 Novenber 1992
to 30 Novenber 1992. Tenperatures at the inflow are al so shown
(-A-).
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Figure 16. Diel changes in oxygen concentrations at the outflow
of ponds El (-m-), F1(-a-) and 61 (-+-) from 12 February 1993

to 28 February 1993. Tenperatures at the inflow are al so shown
(-4 -).
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For conparison with the neasurenents for dissolved oxygen in
the first two years of this project, dissolved oxygen
neasurenments were made weekly for the various experinental groups
as described in Materials and Methods (Appendix A). Oxygen
concentrations were derived fromtenperature and gas pressure
measurenents (Appendix B). The environment from which the oxygen
sanpl es were taken is constantly changing and the values given in
Appendi x A represent only a single value froma w de range of
concentrations. Simlar problems with single measurenents occur
wi th other netabolic paraneters such as carbon dioxide, pH, and
ammonia. Al show diel changes, as well as changes with
tenperature, feeding, and activity. Although data on these
paranmeters are provided in this report, it should be kept in mnd
that these data represent single neasurenents from continuously
changi ng environnents.

Weekly averages of dissolved oxygen concentrations for each
experimental pond were also calculated from 30 m nute averages
fromthe continuous nmonitoring system (Table 50). Correl ations
were observed between the decrease in dissolved oxygen at the
outflow and density, load, and total nunber of fish per raceway
(Table 51).

Val ues for dissolved oxygen, pH, and tenperature at 30
mnute intervals fromJuly 1992 through March 1993 are provided
in the acconpanying conputer disks. File names for the data sets
are:

July 1992 WIJUL92.WK1

August 1992 WIAUG92.WK1
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Table 50. Weekly average dissolved oxygen concentrations (ppm) from the inflow (1) snd outflow (0) of experimental
ponds, as measured by the data monitoring system st Willamette Hatchery, 1992-1993,

A2 B2 c2 D2 E1 F1 G1

Date 1 0 1 0 1 o 1 o I 0 i o 1 o
08/02/92 8.13 5.58 8.46 7.57 10.87 8.91 13.95 8.85 10.66 9.53 11.50 9.78 13.02 9.54
08/09/92 8.5 6.96 8.78 8.16 10.79 9.16 12.86 11.22 10.52 10.44 11.88 10.63 14.04 11.72
08/16/92 7.43 5.10 7.97 6.39 10.33 8.30 11.54 9.45 9.80 9.80 11.51 9.60 13.36 9.39
08/23/92 6.98 5.8 7.55 7.07 10.29 8.32 10.85 8.15 9.32 10.04 11.76 9.23 13.46 8.1
08/30/92 8.59 7.22 8.90 8.21 10.83 10.06 13.03 9.41 10.68 10.04 13.02 10.32 14.71 10.72
09/06/92 8.47 7.58 9.1 8.06 10.20 8.87 12.36 9.23 10.76 9.23 13.07 10.01 14.22 8.74
09/13/92 8.25 8.81 8.8 8.19 11.26 9.8 13.23 10.10 11.27 9.72 13.44 10.57 14.80 9.98
09/20/92 8.78 8.47 9.38 8.51 12.12 10.13 13.52 9.87 11.55 10.04 13.77 10.99 15.23 10.88
09/27/92 9.70 8.41 9.04 8.66 12.58 10.65 14.21 10.06 11.88 9.88 14.44 11.34 17.02 13.67
10/04/92 9.33 8.50 8.83 8.84 13.24 10.97 164.9% 10.60 12.35 10.26 14.75 12.03 16.21 13.12
10/711/92 9.50 9.34 9.9 9.77 13.44 11.70 15.73 12.47 12.57 10.66 15.38 12.99 16.12 13.48
10/18/92 9.91 9.35 10.03 9.98 13.74 11.37 15.66 12.43 12.79 10.73 16.70 12.80 15.75 13.93
10725792 9.93 10.06 10.19 9.85 12.56 10.96 14.82 11.56 12.75 10.47 15.32 11.89 15.20 12.52
11701792 9.85 9.00 9.37 8.8 13.37 10.78 14.12 11.2% 12.02 10.56 13.92 10.65 16.19 11.89
11/08/92 10.80 10.15 10.64 10.41 13.48 11.08 13.15 11.33 11.69 10.80 14.34 11.83 12.61 10.83
11715792 10.92 10.43 11.03 10.45 13.95 11.51 13.73 12.18 12.31 11.21 14.92 11.67 11.89 10.98
11722792 11.05 10.58 10.76 10.84 14.35 11.73 14.54 12.09 12.90 12.20 15.42 12.55 15.13 12.84
11729792 11.23 10.72 10.93 10.63 14.59 11.98 14.13 11.81 13.50 12.36 15.43 12.69 14.84 11.60
12/05/92 10.96 9.95 11.18 10.66 14.29 11.65 13.47 11.32 12.93 11.85 15.18 12.16 14.48 12.29
01/31/93 12.95 12.17 12.78 12.78 15.38 13.13 16.30 13.28 14.53 13.84 15.63 15.06 16.20 13.28
02/07/93 12,45 11.79 12,16 12.17 15.16 12.42 16.10 12.78 14.12 13.16 15.08 13.99 15.64 11.32
02/14/93 11.61 10.96 11.54 12.17 16.60 13.04 15.35 12.63 13.83 12.87 14.46 12.62 15.80 11.49
02/21/93 11.98 11.78 11.93 11.82 14.82 13.30 15.95 13.68 13.92 13.49 15.01 14.08 156.54 13.2%
02/28/93 12.13 11.60 11.95 11.70 14.97 13.28 15.28 13.96 13.87 13.55 15.28 14.41 16.51 12.49
03/07/93 12.02 11.68 12.01 11.61 13.13 12.79 14.52 13.38 14.89 12.73 14.56 12.73 15.54 12.59
03/15/93 11.50 10.86 11.23 10.98 13.36 12.33 14.75 12.31 13.31 12.69 13.89 12.25 14.83 12.36
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Table 51. Correlation coefficients (R) between the difference in oxygen
between inflow and outflow for all experimenta

and total nunmber of fish per raceway.

raceways and density, |oad,

Weekly averages fromthe continuous
monitoring systemwere used for cal cul ations.

Nunmber of fish

Mont h Density Load per raceway
August 0.478 0.573 0.678
Sept enber 0.677 0.898 0.877
Cct ober 0.281 0. 605 0. 496
Novenber 0.325 0. 660 0. 456
February 0.072 0. 400 0.201
Mar ch 0.581 0. 883 0.791
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Sept enmber 1992 WISEP92.WK1

Cct ober 1992 WIOCT92.WK1
November 1992 WINOV92.WK1
Decenmber 1992 WIDEC92.WK1
February 1993 WIFEB93.WK1
March 1993 WIMAR93.WK1

Due to a software problem and damage to the conputer in
shi ppi ng, data was not collected from6 Decenber 1992 through 29
January 1993. Also, oxygen levels at the outflow of ponds F1 and
Gl may be artifactually elevated. Suspended solids fromthe
effluent of pond El tended to forma foam by adhering to oxygen
enriched bubbles in the contact colum. The foam adhered to the
pH probe and interfered with neasurenent of dissolved oxygen.
This condition was worsened when fish in the pond upstream were
fed.

pH

pH was sanpled at weekly intervals throughout the rearing
period for spring chinook salnon (Table 52). Data was conbi ned
for each group of duplicate ponds. Analysis of variance and
Fi sher least significant difference tests (Pc 0.05) indicated
differences between groups (Fig. 17). pH of the effluent
decreased in proportion to the density of fish per pond.
Al'though this is the same pattern seen |ast year, the magnitude
of the changes were | ess because of higher alkalinity and pH

| evel s of incomng water. The weekly average obtained fromthe
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Teble 52. pH values at the inflow and outflow of various @ xperimental ponds collected as single samples at Willamette Hatchery, 1992-1993.
Date Inflow Inflow Al A2 B2 c1 c2 D1 02 Inflow Inflow E1 F1 F2 G1 62
08/04/92 7.98 . .n - 7.81 - 7.63 - 7.51 . 7.97 - 7.89 - 7.73 - 7.55 .
08/11/92 8.01 - 7.62 . 1.75 - 7.56 - 7.15 - 8.06 . T.76 - 7.37 - T.21 .
08/25/92 7.80 . 7.54 - 7.64 - 7.46 - 7.35 - 7.84 - 7.63 - 7.48 - 7.38 -
08/27/92 . 7.87 - 7.63 . 7.69 - 7.58 - 7.1 - 7.99 - 7.88 - 7.63 - 7.47
09/01/92 7.89 - 7.55 - 7.68 - 7.50 - 7.36 - 8.00 . 7.89 - 7.61 - 7.43 -
09/03/92 . 7.90 - 7.66 . 7.7 - 7.63 7.47 - 8.03 7.93 7.73 - 7.56
09/08/92 7.84 - 7.55 - 7.63 - 7.50 - 7.43 - 7.90 - 7.83 - 7.63 - 7.45 -
09/10/92 7.97 - 7.67 7.7 - 7.60 7.46 - 8.00 7.90 T.72 - 7.57
09/15/92 7.93 - T.47 - 7.57 - 7.40 - 7.30 - 7.99 7.85 - 7.51 - 7.34 -
09/17/92 7.80 - 7.58 7.60 - 7.53 T.46 . 7.86 7.82 7.65 - 7.50
09/22/92 7.80 - 7.58 - 7.63 . 7.56 - 7.40 - T.84 - 8.81 - 7.67 - T.47 .
09/24/92 . 7.56 - 7.37 . 7.43 - 7.30 - T.26 - 7.60 7.57 T.47 - 7.36
10701792 . 7.8 - 7.51 . 7.56 - T.46 - 7.41 - 7.84 - 17.79 - 7.65 - 7.50
10/06/92 T.67 - 7.56 - 7.60 - 7.52 7.31 - T.62 - 7.50 7.62 - 7.32 -
10/08/92 - 7.59 - 7.43 . 7.50 - 7.39 - 7.3 - 7.62 . 1.59 - 7.52 - 7.41
10713792 7.58 - 7.33 - 7.62 . 7.29 - 7.19 - 7.93 . 7.53 - 7.29 - 7.13 -
10715792 - 1.7 - 7.51 . 1.72 - 7.46 - 7.46 - 7.66 - 7.66 - 7.58 - 7.50
10/20/92 7.51 - 7.39 - 7.44 - 7.36 - 7.32 - 7.50 - 7.54 - 7.67 - 7.36 -
10/22/92 . 7.51 - 7.35 . 7.40 - T.28 - 7.22 - 7.46 - 7.39 - 7.34 - 7.26
10/27/92 1.57 - T.48 - 7.54 - 7.42 . 7.38 - 7.58 - 7.56 - 7.48 - 7.38 -
10/29/92 - 7.40 - 7.25 - 7.30 - 7.21 - 1.7 - 7.45 . 7.3 . r.27 - 7.21
11703/92 7.45 - 7.36 - 7.40 - 7.34 - 7.32 . 7.58 - 7.48 . 7.61 . 7.33 -
11705792 - 7.53 - 7.46 . T.48 - 7.40 - 7.31 - 7.76 - T.47 . T.41 - 7.32
11710792 7.56 - 7.61 . 7.49 - 7.36 - 7.25 - 7.62 - 7.48 - 7.34 . 7.20 .
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Table 52 (cont).

pH values at the inflow and outflow of various experimental ponds collected as single samples at Willamette Matchery, 1992-1993.

Date Inflow Inflow Al A2 B1 82 c1 c2 Dt D2 Inflow Inflow E1 E2 F1 F2 Gt G2
11712792 - 7.56 - 7.62 - 7.49 - 7.41 - 7.23 - 7.72 - 7.60 - 7.48 - 7.18
11/17/92 7.58 - 7.40 - 7.46 - 7.36 - 7.20 - 7.93 - 7.53 - 7.29 - 7.13 -
11719792 - 7.63 - 7.46 - 7.50 . 7.43 - 7.25 - 7.77 - 7.50 - 7.35 - 7.19
11/26/92 7.46 . 7.28 - 7.34 . 7.8 - 7.14 - 7.78 - 7.68 . 7.28 . 7.08 -
12/01/92 7.44 7.30 - 7.37 - 7.22 - 7.16 - 7.72 - 7.62 - 7.23 - 7.1 -
12703/%2 - 7.42 - 7.3% - 7.36 - 7.26 - 7.7 - 7.59 - 7.35 . 7.27 - 7.16
12/08/92 7.64 - 7.35 7.40 r.27 7.17 r.M T7.47 7.30 7.18

12/10/92 7.40 7.30 7.35 7.24 7.15 7.60 7.34 7.24 7.16
12717792 7.50 7.41 7.6 7.3 7.29 7.51 T.47 7.37 7.29
12722792 7.37 7.26 7.3 7.22 7.15 7.41 7.3 7.21 7.15
12724792 T.45 7.33 7.39 7.30 7.23 7.44 7.43 7.32 7.24
12/29/92 T.48 7.34 7.41 7.30 7.24 7.53 7.46 7.34 7.25
12/30/92 7.51% 7.38 T.4b 7.33 7.27 7.55 7.52 7.40 7.31
01/07/93 7.51 7.43 7.48 7.40 7.35 7.60 7.52 7.45 7.37
01/12/93 7.7 T.45 7.69 T.40 7.35 7.58 7.52 7.46 7.36
01/14/93 7.54 7.42 T.47 7.40 7.35 7.57 7.53 7.46 7.35
01/719/93 7.50 7.39 7.43 7.35 7.5 7.60 7.49 7.43 7.34
01/21/9% 7.38 7.29 7.33 7.26 7.20 7.48 7.40 7.32 r.27
01/26/93 7.43 7.29 7.34 r.27 7.23 7.47 7.43 7.36 1.27
01728793 T.41 7.3 7.35 7.28 7.25 7.49 7.42 7.34 7.36
02/02/93 T.49 7.35 7.40 7.32 T.27 7.57 7.51 T.44 7.32
02/04/93 7.38 7.30 7.32 .27 7.23 T.42 7.40 7.35 r.27
02/09/93 7.42 r.27 7.3 7.2 7.20 7.48 7.44 7.35 7.23
02/11/93 7.37 7.30 7.30 7.26 7.20 7.35 7.35 7.30 7.22
02/16/93 7.6¢2 7.35 7.39 7.34 7.32 7.51 7.49 7.46 T.3%
02/18/93 7.463 7.32 7.35 7.30 7.26 7.35 7.35 7.3 7.24
03702/93 7.60 7.50 7.53 7.4% 7.4% 7.69 7.66 7.55 7.43
03/04/93 7.38 7.30 7.33 7.29 7.24 7.47 7.44 7.37 7.25
03/09/93 7.30 7.20 7.23 7.15 7.12 7.37 7.33 7.26 7.17



Figure 17. pH at the outflow for various experinmental raceways
at Wllanette Hatchery, 1992-1993. Goups with the same letter

above-the bar graph are not significantly different.
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continuous nonitoring system shows the sane relationship between
pH of effluent water and the nunber of fish per pond (Table 53).
Changes in pH with changes in oxygen concentration in pond D2 are
shown for Septenber (Fig. 18) and February (Fig. 19). Del
cycl es of both oxygen and pH can be seen in Septenber, although
the correl ation between oxygen concentration and pHin the
effluent is not as great as one m ght expect. | n February, no
diel cycle in dissolved oxygen was evident, although there was
sonme indication of a diel change in PH

The changes in pH during a 24-hour period do not suggest a
sinmple relationship with other water quality paraneters. Simlar
patterns of pH changes occur in the nornmal density pond (A2)
(Fig. 20) and the initial pond (El) in the Mchigan series of
ponds (Fig. 21). Load rates for these two ponds are 5.70 and
4.31 pounds fish per gallon per mnute, respectively. The
conformation of the raceway therefore seens to have little effect
on pH changes in effluent water. However, in the second raceway
of the series of M chigan ponds (Fl) (Fig.21), pH was decreased
for short intervals at about 1300 hours, then returned to a hi gher
PH In pond D2, where the |oad is higher, the decrease in pHis
not as great as in pond Fl. This suggests that the inflowto
pond FI has been conditioned in sone way to cause this greater
decrease in pH

The conpl ex changes in the water quality of the hatchery
pond during a 24-hour cycle shows the limtations of sanpling at
a single time point during the day. Daily or weekly averages do

not indicate the nmagnitude or duration of fluctuations in water
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Table 53.

the data

Weekly average pH from the inflow and outflou (0) of experimtd

monitoring system at Willamette Hatchery, 1992.1993.

ponds, 8s messured by

Date Inflow A2 82 c2 D2 Inflow (3] F1 Gl Temp.
08/02/92 7.58 7.59 7.64 7.61 7.63 T.66 7.58 7.57 7.63 16.6
08/09/92 759 7.62 7.65 T.61 7.64 7.67 7.58 7.59 7.61 155
08/16/92 7.9 7.93 7.9 7.81 7.5 8.19 7.76 7.6 7T.27 16.6
08/23/92 7.92 7.9 7.8 7.7 7.52 8.199 7.76 7.62 T.271 15.%
08/30/92 7.93 7.9 7.9 7.80 7.52 7.99 7.76 T.62 Tv.28 13.9
09/06/92 7.92 7.9 7.89 7.7 7.53 7.93 7.76 7.2 T7.28 13.6
09713792 7.7 7.76 7.73 7.70 7.58 T.85 7.67 7.53 7V.36 123
09720792 7.66 T7.66 7.65 7.66 T.60 7.80 7.63 7.47 7.40 11.8
09/27/92 7.66 7.66 7.6t T7.65 7.59 7.80 7.62 T.46 7.39 11.8
10/04/92 7.65 7.65 7.63 7.59 7.6 7.73 7T.58 T7.41 7.3%4 11.1
10/711/92 7.6b 7.65 7.63 7.56 7.61 7.69 7.5 7.3 7.31 9.7
10718792 7.6 7.65 T7.62 7.5 7.60 7.69 755 71.3¢% 7.3, 8.8
10725792 7.6 T7.66 7.63 7.5 7.60 7.69 7.5 7.37 7.31 9.3
11701792 7.63 7.65 7.62 7.5 7.52 7.9 7.% 7.37 1.3 8.8
11/08/92 7.63 T7.65 7.62 T.5 7.6 7.69 7.5 7T.37% 1.,% 7.8
11715792 7.62 7.63 7.60 7.53 7.52 7.69 7.54 1.3 7.3 6.1
11722792 7.58 7.47 742 733 7.25 7.68 738 T7.26 7.7 6.4
11729792 T.62 7.45 7.45 7.40 7.27 7.57 7.39 7.26 7.10 6.1
12/05/92 7-62 745 7.45 740 7.27 7.57 739 7.26 7.10 6.0
01/31/93 7.64 7.35 737 737 7.29 75" 1.3%9 7.3t 7.30 4.3
02/07/93 7.6 7.34 7.37 7.37 T.29 7.51 1.38 7.29 /.29 5.2
02/14/93 7.56 7.42 7.40 7.37 7.31 7.60 736 .31 7.12 5.5
02/21/93 7.5 7.42 738 7.35 7.3t 7.6 736 730 7.0 3.3
02/28/93 7.57 T7.43 7.0 7.36 7.31 7.6 T.3¥ T.28 7.08 3.2
03/07/93 7.57 T.43 741 7.38 7.29 7.6 1.37 t.28 /.07 5.2
03/15/93 7.57 7.46 T7.42 7.39 T.31 T7.62 T.kh T7.38 7.3 6.3
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Figure 18. Diel changes in oxygen concentrations (- g@-) and pH
(-g_) at the outflow of pond D2 from 16 Septenber 1992 to 30
Sept enber 1992.
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Fig. 19. Del changes in oxygen concentrations (-@-) and pH
(-a-) at the outflow of pond D2 from 12 February 1993 to 28
February 1993.
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Figure 20. Del changes in pH at the outflow of ponds A2 (-a-)
and D2 (-mM-) from 16 Septenber 1992 to 30 Septenber 1992.
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Figure 21. Diel changes in pH at the outflow of ponds El (-wm-),
F1 (-(a-) and G1 (-+-) from 16 Septenber 1992 to 30 Septenber
1992.
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quality that may affect the physiology of the fish. As suggested
by the review on cyclic changes in oxygen concentration, our
know edge of the effects of these cyclic changes in water quality

on the behavior or performance of the fish is not known.

Al kalinity

Changes in alkalinity are inportant to the present
experinment in that they reflect the ability of the surface water
to buffer changes in pH resulting from production of netabolic
co,. Analysis of variance (P < 0.05) did not show significant
di fferences between alkalinity at the outflows fromthe different
groups in the past two years (Swi ng and sheahan 1991; Ew ng and
Sheahan, 1992) so anal yses were reduced to three replicate
sanmpl es of the incomng water (Table 54). Variations throughout
the year were associated with rainfall. asthe rainfall
increased, alkalinity of the water decreased (correlation
coefficient R = -0.553). Rainfall was slightly bel ow normal for

the 1991-1992 production season (Table 55).

Ammonia

The data for ammoni a production (Table 56) were conbi ned for

replicate raceways in each group. Analysis of variance and

Fisher least significant difference tests (P< 0.05) of the
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Table 54. Water alkalinity (as mg CaCO3/L) for the inflowing water at Willamette Watchery, 1992-
93.

Samples Sanples
Date 1 2 3 Average Date 1 2 3 Average
08/04/92 32.9 32.9 32.3 32.7 12/01/92 24.2 26.2 246.2 26.2
08/11/92 33.9 3.5 3.5 3.3 12/03/92 3.1 23.1 23.1 23.1
08/25/92 34.5 34.5 3.5 3%.5 12/08/92 5.7 25.7 25.7 25.7
08/27/92 34.5 34.5 34.5 34.5 12710792 26.2 24.2 26.2 26.2
09/01/92 3%.5 35.0 35.0 34.8 12/14/92 26.8 26.8 26.3 26.6
09/03/92 35.0 35.5 35.0 35.2 12/22/92 26.8 26.8 26.8 26.8
09/08/92 32.9 32.9 32.9 32.9 12724/92 27.8 27.3 27.8 27.7
09710792 3%.5 34.5 3.5 34.5 12/28/92 26.3 26.3 26.3 26.3
09715792 35.0 34.5 3.5 3%.6 12/30/92 27.3 27.3 27.3 27.3
09/17/92 35.0 34.5 35.0 34.8 01704793 28.4 28.4 28.4 2B.4
09/22/92 35.0 35.0 35.0 35.0 01/12/93 28.9 28.9 28.9 28.9
09/24/92 33.9 33.4 33.4 33.6 01/14/93 9.4 28.9 28.9 29.1
10/01/92 3.5 35.0 3%.5 3%.6 01/19/93 29.4 29.4 29.4 29.4
10/06/92 35.0 35.0 35.0 35.0 01721793 26.7 26.7 26.7 6.7
10/08/92 36.0 35.5 35.5 35.7 01/26/93 26.7 2.7 24.7 26.7
10/13/92 35.0 35.5 35.0 35.2 01/28/93 5.2 25.2 5.2 25.2
10715792 35.5 35.0 35.0 35.2 02/02/93 26.8 26.8 26.8 26.8
10/20/92 35.5 35.0 35.0 35.2 02/04/93 5.7 5.7 5.7 25.7
10/22/92 35.0 35.0 35.0 35.0 02/09/93 26.2 26.2 2.2 26.2
10/27/92 35.5 35.5 35.5 35.5 02/11/93 26.7 26.7 6.7 26.7
10/29/92 33.4 33.9 33.9 33.7 02/16/93 26.3 26.3 26.8 26.4
11703792 27.0 26.5 27.0 26.9 02/18/93 7.3 27.3 27.3 27.3
11/05/92 9.7 29.2 29.2 29.3 03/02/93 8.4 28.4 28.4 28.4
11710792 29.4 28.9 28.9 29.1 03/04/93 5.7 5.7 5.7 5.7
11712792 28.9 8.4 28.9 28.7 03709793 21.5 21.5 21.5 21.5

11717792 27.8 27.8 27.8 27.8
11719792 27.3 7.3 27.3 27.3
11/724/92 26.2 6.2 24.2 26.2
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Table 55. Daily rainfall in inches at Willamette Hatchery for the rearing cycle from July 1992 to
March 1993,

Day Jul Aug Sep Oct Nov Dec Jan Feb Mar
1 0 0 1] 0 0.48 0.53 0.16 0 0
2 0 0 0 0.04 0.50 0.96 T 0 0.35
3 0 0 0 0.42 (1] 0.22 T 0 0.15
4 0 0 0 .01 0.07 0 0.02 T 0.22
H 0 0 0.08 0 0.24 0 0.03 0 0.25
[ 0 1] 0 0 0 0.05 0 0.04 0
7 0 0 0 0 0.54 0.31 0 0 1]
8 0 0 0 (1] 0.42 0.29 T 0 0
9 0 0 0 0 0.70 1.16 0 0.09 0
10 0 0 0 0 0.04 1.12 0 0.03 0.25
1" 0 0 [\] 0 0.06 0.07 1] 0 0
12 0 0 0 0 (1] 0.36 0.17 0.17 0
13 0 0 0 0 0 0 0 0.06 0
1% 0 0 0 0 0 0.04 T 0 0.09
15 0 0 0 0 0 0.27 T 0 0.70
16 0 0 0 0 0 T T 0 0.85
17 0 0 0 0.10 0.07 0.73 T 0 0.75
18 0 0 0 0 0.16 0.18 0 T 0.77
19 /] 0 0 0 0.48 T 0.60 0.46 0.25
20 0 0 0 0 0.49 0.48 1.30 0.46 0.25
21 0 0 0 0.89 0.39 0.45 0.32 0.53 0
22 0 L) 0 0.04 1.45 0.11 0.92 0.76 0
3 0 0 0 0 0.50 T 0 0.05 0.69
26 0 0 0 0 0 0 0.32 0 0.34
25 0 0 0.49 0 0 0 0.06 0 0.25
26 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0.26 0 0 0 0
28 0 0 0 0 0 0.73 T 0 0
29 0 0 0 0.07 0 0.10 0 0
30 0 0 0 1.00 0.09 0.19 0 T
31 o 0 0.62 0.74 0 0

T = Trace amount of precipitation recorded.
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Table 56. Unifonized anmonia concentrations 9)9/(.) at the inflow and outflow of @ xperimental ponds at Willamette Hatchery, 1992-1993,

Inflow Inflow Al A2 81 82 c1 ce D1 02 [nflow Inflow E1 €2 F1 F2 61 G2

08/04/92 0.02 0.23 0.08 0.12 0.26
08/08/92 0.01 0.20 0.07 0.10 0.52 0.00 0.07 0.25 0.36
08/11/92 0.03 0.16 0.15 0.13 0.35 0.02 0.07 0.26 0.47
08/18/92 0.03 0.17 0.45 0.5
08/25/92 0.0 0.26 0.11 0.22 0.56

08/27/92 0.02 0.29 0.17 0.13 0.62 0.04 0.23 0.42 0.78
09/01/92 0.03 0.16 0.06 0.09 0.56 0.04 0.17 0.36 0.61
09/03/92 0.04 0.26 0.15 0.14 0.51 0.03 0.29 0.39 0.50
09/08/92 0.01 0.17 0.03 0.1 0.38 0.17 0.31 0.54
09/10/92 0.01 0.12 0.08 0.06 0.39 0.01 0.26 0.44 0.56
09/15/92 0.02 0.20 0.08 0.12 0.37 0.00 0.09 0.23 0.27
09/17/92 0.03 0.19 0.14 0.14 0.31 0.03 0.18 0.32 0.51
09/22/92 0.01 0.29 0.16 0.17 0.53 0.03 0.16 0.24 0.47
09/24/92 0.07 0.21 0.14 0.15 0.34 0.02 0.15 0.26 0.41
09/29/92 0.02 0.16 0.36 0.56
10/01/92 0.02 0.19 0.12 0.13 0.34 0.02 0.22 0.37 0.62
10/06/92 0.03 0.11 0.06 0.10 0.24

10/08/92 0.01 0.15 0.09 0.12 0.33 0.01 0.22 0.32 0.4k
10/13/92 0.01 0.17 0.12 0.15 0.41 0.03 0.15 0.28 0.40
10715792 0.02 0.14 0.10 0.12 0.41 0.02 c.17 0.23 0.40
10720/92 0.02 0.09 0.07 0.07 0.28 0.01 0.13 0.40 0.50
10722/92 0.03 0.16 0.12 0.15 0.41 0.01 0.7 0.36 0.56
10/27/92 0.03 0.10 0.07 0.10 0.26 0.03 0.12 0.18 0.30
10/29/92 0.01 0.10 0.07 0.13 0.42 0.0% 0.19 0.37 0.50

11703/92 0.02 0.09 0.03 0.06 0.18 0.00 0.16 0.31 0.37
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Table 56. (Cont.) Unionized ammonia concentrations (ug/L) at the inflow and outflow of experimental ponds at Willamette Hatchery,
1992-1993.

Inflow Inflow Al A2 81 B2 c1 c2 D1 02 Inflow Inflow E1 E2 F1 F2 G1 G2

11/05/92 0.00 0.04 0.02 0.04 6.17 0.00 0.10 0.23 0.33
11/10/92  0.02 0.1 0.07 0.14 0.29 0.03 0.08 0.19 0.23
11712792 0.01 0.09 0.07 0.9 0.34 0.01 0.14 0.26 0.39
11717792 0.03 0.10 0.08 0.09 0.35 0.03 0.14 0.16 0.32
11/19/92 0.00 0.04 0.05 0.03 0.1 0.01 0.06 0.13 0.16
11/24/92  0.02 0.06 0.04 0.06 0.14 0.01 0.16 0.20 0.24
12/01/92 0.00 0.06 0.05 0.09 0.11 0.03 0.06 0.17 0.27
12/03/92 0.04 0.09 0.06 0.10 0.16 0.04 0.11 0.20 0.24
12/08/92 0.01 0.05 0.06 0.07 0.13 0.01 0.08 0.12 0.32
12710792 0.05 0.1% 0.08 0.08 0.19 0.01 0.08 0.14 0.23
12/15/92 0.01 0.08 0.14 0.23
12/17/92 0.02 0.07 0.06 0.05 0.14 0.01 0.06 0.15 0.7
12/22/92 0.03 0.07 0.04 0.08 0.18

12/24/92 0.00 0.08 0.02 0.06 0.16 0.02 0.08 0.16 0.27
12/28/92 0.03 0.10 0.06 0.09 0.18 0.03 0.08 0.4 0.25

12/30/92 0.04 0.10 0.06 0.09 0.24 0.01 0.08 0.19 0.24
01/05/93 0.04 0.10 g.21 0.26

01/12/93 0.00 0.04 0.03 0.03 o.n

01/14/93 0.0V 0.05 0.02 0.03 0.07 0.0% 0.03 0.10 0.15
01/19/93  0.01 0.03 0.04 0.03 0.09 0.02 6.05 0.12 0.13

01721793 0.04 0.09 0.06 0.09 0.26 0.05 0.10 0.12 0.2
01/26/93 0.02 0.04 0.03 0.06 0.19 0.00 0.04 0.09 0.13

01728/93 0.04 0.12 0.07 0.11 0.17 0.04 0.16 0.23 0.31
02/02/93 0.03 6.12 0.04 0.15 0.20 0.01 0.05 0.11 0.16

02/04/93 0.03 0.12 0.04 0.08 0.22 0.01 0.08 0.15 0.19
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Table 56. (Cont.) Unionized ammonies concentrations smll.) at the inflow and outflow of @ xperimental ponds et Willamette Hatchery,
1992-1993.

Inflow Inflow Al A2 Bl B2 €1 C2 D01 D2 Inflow Inflow E1 E2 F1 F2 G @2

02/09/93 0.02 0.11 0.06 0.07 0.20 0.03 0.12 0.24 0.34
02/11/93 0.00 0.07 0.06 0.06 0.08 0.01 0.06 0.13 0.23
02/16/93 0.00 0.10 0.02 0.03 0.1 0.02 0.09 0.16 0.28
02/18/93 0.02 0.05 0.04 0.05 0.07 0.01 0.06 0.11 0.15
02/23/93 0.01 0.04 0.07 0.16
03/02/93 0.02 0.04 0.02 0.05 0.16

03/04/93 0.03 0.13 0.09 0.08 0.7 0.03 0.09 0.13 0.22
03/09/93 0.02 0.07 0.07 0.08 0.16 0.04 0.05 0.12 0.21




conbi ned data indicated differences between groups (Figure 22).
As the nunber of fish using a particular volune of water
i ncreased, the anount of ammonia in the water increased. The
val ues obtained were well below the |level of 0.0125 ppm
considered detrinmental to trout rearing (Smth and Piper 1975).

A prelimnary study of cyclic changes in ammonia production
was conducted on 02 March 1993. Sanples were taken fromthe
| oner end of seven experinental ponds at hourly intervals for a
period of 30 hours. Sanples were placed on ice and transported
to Corvallis for analysis of amoni um concentrations. Because pH
was not nonitored simultaneously, results were expressed as
ammoni um concentrations rather than anmmonia concentrations.

Little evidence for a diel pattern in ammonium excretion was
observed after hourly sanpling for a 30-hour period (Figs. 23,
24, and 25). Ammoni um concentration increased in pond A2 from
0.1 mMMto 0.25 mMM from 1000 hours to 1800 hours, then renai ned
relatively constant throughout the remaining 22 hours of sanpling
(Fig. 23). Amonium levels in pond C2 renai ned constant at a
slightly lower concentration (0.15 nM. Ammoni um concentrations
in pond B2 (Fig. 24) remained near that of pond A2, even though
the density in pond A2 was twice that in B2. In pond D2,
however, ammonium |l evels were nearly 2.5 tinmes greater than those
in pond A2 (Fig. 24). Mchigan ponds showed i ncreasing amoni um
concentrations up to about 2200 hours, then constant |evels
t hroughout the rest of the sanpling period (Fig. 25). Because
the water is reused in series, amobnium concentrations increased

with the passage of water through the series. Maximum |evels of
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Figure 22. Average anmonia concentrations (ug/L) at the outflow

of experinmental raceways at WIlanette Hatchery, 1992-1993.
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Figure 23. D el changes in amoniumions in the outflows of
raceways containing groups A2 (-M-) and C2 (-+-). Sanples were
taken 02 March 1993.
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Figure 24. Diel changes in ammoniumions in the outflows of
raceways containing groups B2 (-®-) and D2 (-+-). Sanples were
taken 02 March 1993..
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Figure 25. Del changes in amoniumions in the outflows of
raceways containing groups El (-B-), F1(-+-) and G1 (=% -).
Sanpl es were taken 02 March 1993.
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anmmoni um i ons reached about 0.3 mMin pond El, about 0.7 nmMin

pond Fl, and about 1.10 mM inpond Q.

Sol i ds

Data for suspended solids (Table 57) were conbined from
pairs of raceways for analysis. Analysis of variance showed a
significant difference (P < 0.05) between groups. The
significant difference obtained this year may reflect the
i ncreased sensitivity in the assay fromthe use of a Cahn
m crobal ance.  An increase in suspended solids occurs when rain
or snow nelt increases the erosion in the stream above the
hatchery intake. Feeding is often curtailed because of the nuddy
water. During periods of heavy sedinent, the ponds act as
settling basins and decrease the anount of solids |eaving the
system The solids are resuspended again during pond cl eaning,
subjecting the fish to heavy sedinent |oads once nore. No
attenpt has been nmade to determ ne the suspended solid | oad
during pond cleaning. The significance of solids in the incom ng

water to fish production is not clear at present.
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Tabl e 59.

sal non rel ease

Lengt hs,

wel

hts,

_ and hematocrits for 1991-brood spring chinook
from Wllanette Hatchery in March 1993

Aver age Averaﬂe
_ | ength wei ght Aver age

G oup Tag code Fi sh/ kg (cm (9) hemat ocri t
Al 07-59-21 20. 4 15.68 + 3. 30 49.28 + 2.41 40.0 ¢+ 3.1
A2 07-59-22 20.9 15.63 £ 3.29 48.21 £ 3.09 41.0 £ 4.2
Bl 07-59-35 19.9 15.58 * 3.45 50.35 + 2.89 40.7 £ 2.9
B2 07-59- 36 21.1 15.53 £ 3.60 47.52 + 3.36 39.7 £ 4.3
c 07-59-23 18.5 15.40 ¢ 3.75 54,22 ¢+ 3.71 38.9 =+ 3.0
c2 07-59-24 20.6 15.44 + 3.90 40.94 £ 4.05 41.1 £ 4.0
D1 07-59- 25 20.7 15.39 % 4.03 40. 45 ¢ 3. 38 38.2 £ 3.2
D2 07-59-26 21.2 15.34 ¢ 4.16 47.66 £ 5.15 40.3 * 3.7
El 07-59-27 26.7 15.29 + 4. 29 37.51 £ 1.96 40.6 £ 3.5
E2 07-59-28 28.7 15.24 £ 4. 41 35.09 ¢+ 3.14 38.9 £ 6.0
F1 07-59-29 26.3 15.19 + 4.53 38.09 £ 2.04 30.7 £ 5.0
F2 07-59-30 27.3 15.14 £ 4. 65 36.38 £ 2.32 29.4 ¢ 10.2
Gl 07-59-31 25.4 15.09 ¢+ 4.76 39.69 % 3.02 3.9 £ 5.1
G2 07-59-32 28.7 15.04 % 4.87 34.95 ¢ 2.00 36.7 £ 0.5

Dext er 07-59-33 14.99 + 4.97 41.8 £ 3.4
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Table 58. Data @ t Liberation for 1991-brood spring chinook salmon relessed from Willamette Hatchery in March 1993.

Number Total Total Fish loss Final Final
Group Tag code tagged (Inventory) (Liberation) Fish/kg (percent) density loed
Al 07-59-21 32281 39235 37014 20.4 5.66% 1.08 8.00
A2 07-59-22 31708 39224 36480 20.9 7.00% 1.04 7.69
Average 20.6 6.33% 1.06 7.85
B1 07-59-35 19992 19788 19792 19.9 -0.02X 0.59 4.37
B2 07-59-36 19972 19663 19968 21.1 -1.55% 0.56 4.16
Average 20.5 -0.79% 0.58 4.27
c1 07-59-23 32117 39285 38211 18.5 2.73% 1.3 9.08
c2 07-59-24 31547 39673 38023 20.6 4£.16% 1.10 8.13
Average 19.5 3.45% 1.17 8.61
01 07-59-25 31538 118121 101943 20.7 13.70% 2.92 21.62
D2 07-59-26 31506 119008 105792 21.2 1.11% 2.97 21.97
Average 21.0 12.40% 2.95 21.80
El 07-59-27 31523 58836 42883 26.7 27.11% 1.9 4.7
E2 07-59-28 31829 S7708 44016 8.7 3.73% 1.82 4.50
Average 7.7 5.42x 1.87 4.61
F1 07-59-29 31597 57992 50580 26.3 12.78% .28 5.63
F2 07-59-30 31503 55687 47500 7.3 14.70% 2.07 5.10
Average 26.8 13.74% 2.18 5.37
G1 07-59-31 31569 58764 52786 5.4 10.17% 2.04 6.10
G2 07-59-32 31420 56939 49191 28.7 13.61X 2.47 5.03
Average 27.0 11.89% 2.26 5.57

Dexter 07-59-33 31647
07-59-34 31505




Fish Cul ture

Li beration Data

Li beration data for various experinental groups are shown in
Tables 58 and 59. Total nunbers of fish released were different
by the two accounting nmethods of pond inventories and water
di spl acenent in liberation trucks. In general, nunbers estimated
fromliberation truck displacenents were | ower than those
estimated from pond inventories and nortality counts. Simlar
di fferences between the two inventory methods were observed | ast
year (Ew ng and Sheahan, 1991). In the previous annual report
(Ewi ng and sheahan, 1990), we described unaccounted |osses in all
ponds that varied fromO0.1%to 20.3%of the initial populations
in the ponds. At the tinme we suggested that errors in popul ation
estimates fromfish displacenent in the |iberation trucks
probably would not account for these unexplained |osses. W
suggested a high level of avian predation

We concluded from data presented | ast year (Ew ng and
Sheahan, 1991) (Appendix G that the najor source of unaccounted
"loss" in the raceways probably arose fromthe inaccuracy of
determning the weight of fish in a pond. Predation, at |[east
during the 1991-1992 rearing cycle, seened insignificant. Wile
the greatest source of error is probably the determi nation of the

fish size, the errors involved in estimation of total weight of
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Table 57. (Cont.) Suspended solids (mg/L) at the inflow and outflow of experimental ponds at Willamette Hatchery, 1992-1993.

Inflow Inflow A1 A2 B1 B2 €1 ¢2 D0dt D02 Inflow Inflow E1 €2 F1 F2 G G2

02/04/93 1.5 1.5 2.2 1.3 2.3 1.3 1.8 2.2 2.5
02/09/93 1.5 0.2 1.5 2.3 1.7 1.8 1.8 2.3
02/11/93 1.3 1.5 2.0 1.5 1.8 1.7 1.7 2.7 2.7
02716793 1.2 1.0 0.8 1.2 2.2 0.8 1.0 1.0 1.3
02/18/93 0.8 0.7 0.5 1.0 1.0 1.2 1.0 0.7 0.7
03/02/93 1.0 0.8 1.0 0.8 1.3 1.8 1.2 1.5 1.7
03/04/93 4.0 3.8 3.2 3.2 3.5 4.5 4.3 3.8 3.3
03709/93 2.7 2.5 2.8 2.7 3.8 4.0 3.7 3.3 3.2
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Table 57. (Cont.) Suspended solids (mg/L) at the inflow and outflow of experimental ponds at Willamette Hatchery, 1992-1993.

Inftow Inflow A1 A2 B1 82 €1 €2 D1 D02 Inflow Inflow E1 E2 F1 F2 61 G2
10/29/92 0.7 0.8 0.5 0.7 1.2 1.0 1.3 1.0 0.8
11703792 1.2 1.8 2.0 2.5 2.0 2.0 2.0 2.3 2.7
11/05/92 2.5 1.2 0.8 1.5 1.3 2.0 2.3 2.0 1.7
11710792 0.8 0.3 0.0 0.7 1.5 1.2 2.0 1.0 1.8
11712792 0.5 0.2 0.7 0.5 0.8 0.7 0.7 1.8 1.7
11717792 0.5 0.3 0.3 1.0 2.7 0.5 1.2 1.2 1.0
11719792 0.8 0.8 1.2 1.2 1.5 1.0 1.0 1.2 1.5
11726792 1.7 1.7 1.0 2.3 2.0 1.7 1.7 3.2 7.5
12/01/92 1.0 1.2 0.7 0.8 1.3 1.3 1.2 2.0 3.0
12703792 1.5 4.0 1.8 2.5 2.5 2.3 33 3.0 3.8
12/08/92 0.5 0.5 0.2 0.8 1.2 1.2 1.0 1.2 1.8
12/10/92 12.2 1.5 10.7 1.7 12.0 13.5 15.0 10.5 7.8
12717792 1.5 4.0 1.8 0.7 1.5 1.5 1.3 1.2 1.2
1/22/92 1.5 1.5 0.7 1.8 3.8 1.5 1.8 3.2 5.3
12/24/92 1.2 1.2 0.7 1.5 1.3 0.7 3.2 1.2 2.0
12/29/92 2.0 1.5 1.7 1.8 2.3 1.7 2.0 2.8 3.0
12/30/92 1.7 1.3 1.3 1.3 3.5 1.3 1.5 4.0 3.7
01/07/93 1.0 0.8 1.2 1.3 2.2 1.0 1.3 1.3 2.2
01/12/93 0.5 0.7 1.2 0.8 0.8 0.7 0.5 0.7 1.0
01/14/93 1.0 0.8 1.2 1.2 1.2 1.5 1.0 1.0 1.2
01719793 1.2 1.0 0.5 0.8 0.3 0.7 1.2 0.3 0.8
01/21/93 4.7 4.7 4.5 4.7 5.2 4.7 5.8 5.3 7.3
01/26/93 2.0 1.8 2.0 1.7 2.8 2.5 2.2 2.0 2.2
01/28/93 1.8 1.8 1.7 2.3 2.5 2.3 3.0 6.7 4.5
02702793 1.8 0.8 1.5 1.3 2.7 1.3 1.3 2.5 3.2
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Table 57. Suspended solids (mg/L) at the inflow and outflow of experimental ponds at Willamette Hatchery, 1992-1993,

Inflow

Inflow

Al

A2

81

B2

c1

€2 D1 D02 Inflow Inflow E1 E2 Ft F2 G1 G2
08/04/92 1.3 0.0 0.0 0.5 1.7 1.2 0.5 1.2 1.0
08/08/92 0.0 0.2 0.1 0.1 0.5 0.0 0.1 0.3 0.4
08/25/92 1.0 1.0 0.8 1.5 2.3 1.0 1.7 1.2 8.0
08727792 1.0 1.0 1.0 1.3 2.0 0.7 1.0 0.8 1.5
09/01/92 0.8 1.8 1.2 1.2 3.7 1.0 0.5 1.7 2.0
09703792 0.7 1.2 0.8 0.5 0.8 1.0 0.7 1.2 1.2
09/08/92 1.7 1.5 0.5 2.3 2.7 0.8 0.8 1.0 1.3
09/10/92 0.7 0.7 0.5 0.8 1.3 0.5 0.7 1.8 1.8
09715792 0.3 0.5 0.5 0.5 0.7 0.7 0.1 0.8 0.8
09/17/92 0.8 1.2 0.7 0.8 1.3 0.7 1.2 1.7 1.5
09722792 1.0 1.5 0.8 0.8 1.2 0.7 1.2 1.7 0.7
09/264/92 ‘.8 3.2 3.0 3.2 3.3 4.8 3.8 3.3 3.2
10/01792 0.7 0.9 1.5 0.9 1.0 1.0 1.3 1.0 1.2
10/06/92 0.8 1.0 0.5 1.0 1.2 1.0 0.8 0.8 1.7
10/08/92 0.3 0.8 0.7 0.7 0.5 0.7 1.2 1.7 1.2
10713792 0.5 1.5 1.0 0.8 1.0 0.6 0.1 1.0 1.0
10715792 0.3 0.8 0.8 0.5 6.8 0.5 0.3 0.8 1.2
10/20/92 0.5 0.5 0.5 0.5 1.5 0.5 0.7 1.0 2.0
10/22/92 0.8 0.7 1.3 1.0 1.5 0.8 1.3 1.5 1.5
10727792 0.3 0.7 0.7 0.3 3.5 0.5 0.8 0.8 1.2




fish through displacenent of water in the liberation truck stil
need further investigation

Addi tional information on pond sanpling was obtained during
monthly determnations of fish weights. The |ocation of the
sanples for fish weights was noted for each neasurenent. No
differences in the size of the fish (in fish per pound) was found
in different locations in the |ow density raceways (groups A2,

B2, and c2). |In the high density raceway (group D2), smaller
fish were found at the upstreamend of the raceway (Fig. 26).

In the Mchigan pond series, conpartments were nunbered from
1 (at the‘upstreamend) to 6 (at the downstream end) and the
sizes of the fish sanpled fromeach conpartnent were noted. Al
groups (groups El, Fi1, and G1) tended to have smaller fish in
conpartrment 1 and larger fish in conpartnents 3 and 4 (Fig. 27).
For the best measurenents of fish size in these raceways, sanples
are needed from all conpartments. Further study of the
di stribution of fish in the Mchigan ponds is certainly
war r ant ed.

Condition factors of fish at release were not significantly
different (P < 0.05). Hematocrits fromfish from various groups
at rel ease, however, were significantly different (P < 0.05)
(Table 60). Fish in Goup F had hematocrits significantly |ower
than those in all other groups. This was prinmarily due to the
| ow hematocrit levels in group F2, probably due to the incidence

of bacterial kidney disease in that pond. No apparent pattern is
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Figure 26. Size of juvenile chinook salnmon in different areas of
raceway D2 crowded for pond sanpling on February 23, 1993.

Val ues are means of 3 sanples.
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Figure 27. Size of juvenile chinook sal non captured in different
conpartments of M chigan ponds E2 (heavy bars, F1 (solid bars),
and 61 (light bars) on 23 February 1993. Upstreamend is

desi gnated conpartnent nunber 1. Values are neans of |-3

sanpl es.
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yet detectable between density or oxygen |levels and bl ood
hematocrits |evels.

A significant difference (P < 0.05) in fish weight at
rel ease was observed between the groups (Fig. 28). This result
was not desirable because changes in fish size at rel ease can
affect the subsequent survival of the juveniles to adulthood
(Johnson 1970; Hagar and Nobl e 1976; Reisenbichler et al. 1982).
However, the differences were snall and should have little
i nfluence on survival

These differences in fish size affected the final densities
and loads in a number of ponds. Goups E, F, and G were all |ess
than originally projected due to the snaller fish size in these
groups (Table 60). Final densities and loads for Goups A B and
D were simlar to those projected in the experinental design
(Tabl e 49).

Mrtalities for all ponds were low and simlar before
January 1993 (Table 61). An increase in nortality was noted just
prior to release due to infection by bacterial Kkidney disease
(BKD) . An increased |oss of fish due to BKD was al so observed at
the Dexter holding pond. A sanple of 60 fish was taken from each
pond just prior to release for analysis of BKD | evels by enzyne
I i nked i munosorbent assays (ELISAs). ptical densities of |ess
than 0.100 were classified as non-detectabl e because of
background interference. Low, nedium and high |evels of BKD were
defined by ranges of optical densities of 0.100-0.199, 0.200-
0.499 and greater than 0.499, respectively. The percent of fish

sanpled in each of the low, nedium and high groups are shown in
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Figure 28. Average weight at release of juvenile chinook sal non

from experinmental ponds at WIlamette Hatchery, 1993,
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Tabl e 60. Conparison between ideal experimental conditions (listed
in Table 49? and actual |oads and densities at the time of rel ease of
experimental groups of spring chinook salmon from WI | anmette Hatchery

in March 1993.
Density Load

(pounds/ cubic foot) (pounds/ gal | on/ m nut e)

G oup | deal Act ual | deal Act ual
Aq 0.97 1.08 7.20 8.00
A2 1. 04 7.69
By 0. 49 0.59 3.60 4. 37
B, 0.56 4.16
Cy 0.97 1.23 7.20 9.08
o) 1.10 8.13
Dy 2.92 2.92 21. 60 21.62
D2 2. 97 21. 97
E; 2.92 1.91 7.20 4.71
E> 1. 82 4.50
Fi 2.92 2.28 7.20 5.63
Fp 2.07 5.10
Gy 2.92 2.04 7.20 6.10
¢) 2. 47 5.03
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Table 61. (bserved nortality recorded by nonth and group of 1uven|le sprlng chi nook
sal non reared in experinental ponds at WIlamette Hatchery, 1992-19932

G oup Jul Aug Sep Oct Nov Dec Jan Feb Mar Tot al
Al 171 20 16 11 66 20 18 27 68 433
A2 68 23 20 28 25 32 29 33 128 386
Bl 85 70 10 2 4 22 7 10 66 276
B2 128 33 29 32 25 28 20 23 96 414
d 184 8 12 18 12 19 12 12 58 335
c2 57 27 26 46 34 30 26 29 102 377
D1 275 48 62 45 30 33 41 71 98 703
D2 177 169 83 75 63 81 108 52 120 928
El 175 57 25 37 13 62 64 44 133 610
E2 225 46 25 18 31 66 251 569 423 1654
F1 288 24 43 37 48 39 96 55 122 752
F2 10620 58 59 24 38 62 328 1331 755 3717
Gl 211 36 55 36 37 49 53 32 167 676
G2 213 56 57 26 26 26 239 1009 677 2329

"Flfteen fish gere sacrificed each nonth for snolt quality assays from ponds A2, B2, c2,
F1, and G1
BA group of 750 fish were lost to suffocation due to punp failure.



Fig 62. Goups E2, F2, and G2 all had a significant percentage
of the fish in the nedium and high level categories. Al the
fish in these groups came from the same batch of eggs. If the

| evel s of BKD affect survival, the yields fromthese ponds can be
conpared with those fromgroups El, F1, and G1 to determne the

effect of the BKD infection.

G owt h

Fi sh were ponded in experinental raceways after tagging from
1 July 1991 to 31 July 1991. Sizes varied sonewhat between
raceways at ponding (Table 63).

Monthly growth of the fish was neasured in three different
ways (Ricker 1975). Absolute growh is shown in Table 64,
relative growh is shown in Table 65, and instantaneous growth
rate is given in Table 66. The large variations in growh
bet ween nonths resulted froma lack of precision in the pond
counts. Fromwork perfornmed at this site and other hatcheries
(Appendix A), it may not be possible to achieve a | evel of
preci sion in pond counts sufficient to provide accurate nonthly
growth rates. The difference between the initial weight at
pondi ng and the final weight at |iberation may therefore provide
a better conparison between raceways than a nonth-by-nonth
conpari son

Mont hl'y food conversions for each experinmental pond are

shown in Table 67. The large variations and negative val ues
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Table 62. Mean optical density of groups of fish tested for BKD by ELISA and
the percentage of fish that contained non-detectable, low, medium and high
levels of BKD. Non-detectable levels are defined as optical densities less
than 0.100. Low, medium and high levels are defined as optical densities of
0.100-0.199, 0.200-0.499, and greater than 0.499, respectively.

Group Mean Percent in

Optical category:

Density Non-detect Low Medium High
Al 0.086 78.3 21.7 0.0 0.0
A2 0.098 62.7 35.6 1.7 0.0
81 0.093 78.0 22.0 0.0 0.0
B2 0.085 88.3 11.7 0.0 0.0
Cl 0.097 70.0 28.0 2.0 0.0
C2 0.083 91.7 8.3 0.0 0.0
D1 0.088 86.7 13.3 0.0 0.0
D2 0.089 88.3 11.7 0.0 0.0
El 0.118 56.7 36.7 5.0 1.7
E2 0.486 10.0 36.7 33.3 20.0
F1 0.093 80.0 20.0 0.0 0.0
F2 0.897 22.0 20.3 15.3 42.4
Gl 0.109 80.0 15.0 3.3
G2 0.597 26.7 33.3 8.3 3::
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Table 63. Starting weights and nunbers for juvenile spring
chinook introduced into the experinental ponds in July 1992 at
Wl anmette Hatchery.

Total Wi ght
G oup Nunber/ kg (kg) Nunber
A 98.8 399. 2 39, 437
A2 109. 8 360. 2 39, 542
Bl 92.6 215.1 19, 919
B2 97.2 204. 7 19, 201
d 103. 6 380. 6 39, 436
c2 97.7 409. 4 39, 993
D1 94.8 1250. 3 118, 549
D2 93.9 1274. 8 119, 759
El 89. 8 660. 3 59, 271
E2 100. 3 589.5 59, 137
F1 97.2 601. 2 58, 456
F2 113.3 514.9 58, 342
Gl 107.1 552. 8 59, 229
G2 107. 8 548. 4 59, 115

178



growt h

Overal |
Jan Feb Mar

month for spring chinook sal non

grans per
Dec

In
raceways at Wl lanmette Hatchery 1992-93.

Sep Oct Nov

Absol ute change in weight

Aug

reared in experinmenta

Tabl e 64.
G oup

(o2 NepNeo]
N—o
1 1

ocwom
oo N
—

00 00 00
MW

oo,
o> I~ 0

El
E2

27.7
27.8
27.77

oY
1 1 1

M~ I~
oo
1

™Moo
o™

o<
ol
1

<t o<
© oo~

< -0
O <F O

NO
N~ o o

oON~Mm
w oo

Fl
F2

30.
25.
27.8

oo
cwom
1 1

~— o
o™i

OoOr~nr~
to -

<N O
ocom
1

Mmoo
O OO

oo
0O M~ ~

©wom
0 O~

<t oo
0o o»




y, 1992-93.

in grans per nmonth for spring chinook
|l anette Hatcher

raceways at W

Rel ative change in weight

sal non reared in experinental

Tabl e 65.

growt h

Overal |
Aug Sep oct Nov Dec Jan Feb Mar

G oup

3.8
4.2
4.0

— 1O
o0Oo

ocoo
1

0.10
0.14
0.12

-0.01
0.16
0.07

0.65 0. 16 0. 10 0. 06
0.55 0.16 0.03 -0.06
0.60 0.16 0.07 0.00

0.98
1.32
1.15

3.6
3.6
3.6

0.01
0.02
0.02

0.14
0.00
0. 07

0. 54
0.48 0.2
0.51

0. 88
0. 82
0.85

D1
D2

2.36
2.4
2.4




Table 66. Instantaneous rate of change in weight in grans per nonth for spring
chinook salnon reared in experinental raceways at WIllamette Hatchery, 1992-1993.

Overal |

Goup Aug Sep oct Nov Dec Jan Feb Mar growt h
Al 0.30 0.22 0.06 0.04 0.02 0.00 0.04 0.01 0.71
A2 0.37 0.19 0.06 0.01 -0.03 0.06 0.06 -0.01 0.72
0.33 0.20 0.06 0.03 0.00 0.03 0.05 0.00 0.70

Bl 0.33 0.13 0.12 0.04 -0.02 0.02 0.06 0.00 0.67
B2 0.34 0.12 0.05 0.04 0.04 0.05 0.00 0.01 0.66
0.33 0.13 0.08 0.04 0.01 0.04 0.03 0.01 0.66

c 0.30 0.22 0.05 0.08 -0.01 0.05 0.03 0.04 0.75
c2 0.34 0.14 0.09 0.03 0.00 0.02 0.07 0.02 0.68
0.32 0.18 0.07 0.05 -0.01 0.04 0.05 0.01 0.71

D1 0.27 0.19 0.08 0.06 -0.02 0.06 0.04 0.06 0.66
D2 0.26 0.17 0.10 o0.03 0.02 0.00 0.02 0.05 0.65
0.27 0.18 0.09 0.05 0.00 0.00 -0.01 0.05 0.65

El 0.28 0.07 0.20 -0.03 -0.02 0.03 -0.02 0.02 0.53
E2 0.25 0.12 0.15 0.02 -0.01 -0.03 0.04 0.01 0.54
0.26 0.10 0.18 -0.01 -0.01 0.00 0.02 0.02 0.54

Fl 0.27 0.14 0.08 0.08 0.00 0.00 -0.01 0.00 0.57
F2 0.32 0.17 0.07 0.10 -0.06 0.04 0.02 -0.05 0.62
0.30 0.16 0.08 0.09 -0.03 0.02 0.01 -0.03 0.60

Gl 0.28 0.17 0.13 0.06 0.07 0.05 0.01 0.01 0.63
G2 0.32 0.12 0.11 o0.08 0.00 -0.01 0.03 -0.07 0.57
0.30 0.15 0.12 0.07 0.04 0.02 0.02 -0.03 0.60




Tabl e 67. Food conversion of spring chinook salmon reared in
experinental raceways at W/l lanette Hatchery, 1992-1993.
Conversions are based on pond reports at the end of each nonth.

G oup Aug Sep oct Nov Dec Jan Feb Mar
Al 1.39 1.03 1.43 1.62 2.28 -7.93 1.10 1.56
A2 1.17 1.01 1.65 4.65 -2.31 0.84 0. 88 1.71
Bl 1.21  1.34 1.06 1.75 -2.68 2.92 1.04 0.43
B2 1.24 1.37 2.57 2.10 1.70 0.87 -58.61 3.16
d 1.44 0.99 2.23 0.88 -4.12 0.90 1.71 0.44
c2 1.19 1.19 1.21 1.91 -175.63 1.97 0.73 0. 62
D1 1.33 1,10 1.45 1.00 -2.65 0.62 -0.96 -0.45
D2 1.39 1.29 1.20 2.35 3.04 -9.81 1.92 1.24
El 1.05 2.53 0.67 -1.72 -2.43 0.98 -1.56 -0.15
E2 1.33 1.78 1.02 4.03 -4, 17 -1.05 1.20 -0.31
F1 1.23 1.38 1.82 0.95 16. 01 12.21 -4.84 -0.30
F2 1.05 1.10 1.89 0.68 -0. 84 0. 88 2.88 -0.18
G1 1.20 1.21 1.12 1.07 -0. 67 0.72 5.49 -0.61
G2 1.02  1.73 1.47 0.94 15. 19 -3.30 1.37  -0.17
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resulted from lack of precision in the pond counts. Mnthly food
conversions are therefore probably of little value unless the
error in determning pond counts can be reduced. This problemis
greater in the winter nonths when cold tenperatures can result in
negative weight gains for the fish. COverall food conversions are
probably of greater inportance to this study. Overall weight
gain and feed conversion for the 1990-1991 and 1991-1992 rearing
years are conpared in Table 68. Wuen the overall feed
conversions were conbined for all years, analysis of variance (P
< .05) showed that group E was significantly higher than al

ot her groups while groups F and G were significantly higher than
groups C and D. Edsall and Smith (1990) found that oxygen |evels
of 187% saturation had no effects on weight gain or feed
conversion of rainbow trout. The higher flows in the M chigan
ponds may increase the food conversion rate of fish reared in
this system Mre energy would be required to naintain position
in the higher flows.

Feed conversions for individual nmonths have another problem
in their calculation. The change in biomass of the fish per
nmonth is never conpletely known because the nunber of fish in the
pond is never certain. The observed nortality can be obtained
t hrough routine records but the loss of fish to predators or
ot her unknown causes is not obtainable unless the entire pond is
inventoried. There is presently no estimte of the nunber of

predators feeding at the WIllanette hatchery.
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Table 68. Overall feed conversion by group for rearing years
1990-1991, 1991-1992, and 1992-1993.
G oup 1990- 1991 1991- 1992 1992- 1993 G oup Average
Al 1.70 1. 69 1.61 1.76

A2 2.13 1.77 1. 69

Bl 1. 57 1.72 1. 56 1.76

B2 2.22 1. 80 1.70

d 1.72 1.78 1.36 1.68

c2 1. 60 2.04 1.56

D1 1. 60 1.70 1.72 1. 68

D2 1.70 1.59 1.76

El 2.11 2.15 2.93 2. 38

E2 1.77 2.34 2.96

F1 1.93 2.09 2. 20 2.00

F2 1.71 1. 89 2.21

Gl 1.90 1. 89 1.88 2.00

G2 1.93 1.90 2. 47
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Lengt h frequencies

Length frequencies were obtained in July during tagging,
Septenber, Decenber and February. Skewness as a neasure of
symmetry around the mean showed a signficant difference between
groups A and C and group E. This was primarily due to the | ow
val ues of ponds A2, d and C2 and the high val ues of pond E2
(Table 69). No apparent pattern was found with density or

treatnment groups.
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Table 69. Skewness values fromlength frequency data for spring
chi nook salnon in various experinmental raceways at Wllanette
Hat chery, 1992-1993. Positive val ues indicate the population is
skewed to the smaller sizes and negative values indicate the
popul ation is skewed to the |arger sizes.

G oup Jul Sep DeC Feb
Al -0. 310 0. 063 -0. 130 0. 007
A2 0.144 0.616 0.451 0. 258
Bl -0. 647 0. 204 0. 096 0. 127
B2 -0. 026 0.651 0. 346 0.701
d -0.172 0. 747 0.323 0.461
c2 -0. 810 0. 860 0. 986 0. 822
Di 0. 351 0.372 0.323 0. 309
D2 - 0. 449 1.138 1.077 1. 058
El -1. 209 0. 752 0.917 1. 053
E2 0. 245 0.328 0. 869 0.821
Fl -0. 332 0. 364 0. 760 0. 668
F2 -0. 283 0. 096 0. 496 0.226
a -0. 037 0.301 0.524 0.272
€ -0. 398 0.533 0.414 0. 553
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ST QUALI TY ASSESSMENT

| nt roduction

inthe Colunbia River Fish and Wldlife Program (1987), the
Nor t hwest Power Pl anning Council enphasized the inportance of
inproving the effectiveness of hatcheries through the rel ease of
better-quality smolts. Section 703(e)5 calls for devel opnent of
"a sensitive, reliable index for predicting smolt quality and
readiness to mgrate. The index shall be validated by conducting
a test using a selected species and sel ected hatcheries.” The
Hat chery Effectiveness Technical Wrk Goup suggested an activity
4.1.1: "Select and nonitor through the rearing cycle, fish
quality indices at four or more spring chinook hatcheries, and
correlate these with performance indicators including survival
through the adult state."

A study was funded from 1989 to 1992 by the Bonneville Power
Adm nistration to address these concerns. The study, Snolt
Qual ity Assessment of Spring Chinook Sal non, Project No. 89-046,
sanpled fish fromfive hatcheries in the Colunbia River basin to
determne snmolt characteristics. One of these hatcheries was
WIllanmette Hatchery. The sanpling design at WIlanmette Hatchery,
however, did not address sone of the nore interesting issues
concerning the effect of oxygen suppl enentation on snolting.
During the first year of the study, no fish fromthe oxygen

suppl ementation study were available. During the next two years
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budget constraints permtted sanpling of only two of the seven
experimental groups in the Oxygen Suppl enentation Project.

I n 1992-1993, we began sanpling of all seven experinental
groups of chinook salnmon in the study for hematocrits, condition
factor, liver glycogen and triglycerides, gill (NatK)-ATPase
activity, and plasma thyroxine, cortisol and glucose. This
sanpling extended the data base fromthe previous Snolt Quality
Assessnent project to provide a continuous three-year record of
snmolting in sone of the experinental groups at Wllanette
Hatchery. It also provided a conparison of snmolting in fish
reared under the seven experinental conditions described in Table
48. Data will also be used to correlate mgration rate and
survival to adulthood with the degree of smolting exhibited at
Wl anette Hatchery as this data becones avail abl e.

This report describes the results fromthe first year of

sanmpling for snmolt quality paraneters at Wl | anette Hatchery.

Mat eri al s and Met hods

G oups of 15 fish were sanpled fromthe [ower half of each
of seven experinmental raceways using a |ong-handl ed dipnet.
Experinental groups are described in Table 48. Dipnet sanpling
was exam ned by the Snolt Quality Assessnent study (1989) and
found to provide representative sanples from raceways. To
mnimze stress, groups of 10 or less fish were netted and
sanpled at any one tinme. The fish were transferred inmediately
to a bucket containing 200 ng/L M5-222 and 1 m 5M i m dazol e/ L
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and killed with an overdose of anesthetic to prevent changes in
physi ol ogi cal paranmeters due to stress.

Fish were neasured, weighed, and visually judged to be
parrs, smolts or partly smolted. Parrs were defined as fish in
whi ch the parr marks were strongly devel oped, while snolts were
defined as those in which the parr marks were barely visible.
Partly snolted fish had silvery color which partly obscured the
parr marks. Condition factor was calculated by the formula: KFL
= weight (g)/length (cm)3.

The caudal peduncle was severed and approxi mately 0.2 m of
bl ood was renoved to a mcrocentrifuge tube and placed on ice. A
heparini zed m crohematocrit tube was also filled with bl ood for
hematocrit analysis. The liver was then renoved and placed in a
glass tube on dry ice. GII filanments were excised and
honogeni zed in a nmedi um conposed of 0.2 M sucrose, 0.01 M sodium
EDTA, 0.01 M 2-nercaptoethanol, and 0.1 M imdazole, pH 7.2. The
honogenate was transferred to a glass tube on dry ice for
transport. If skin sanples were taken, the fish was placed on
dry ice for several mnutes until frozen. A strip of skin was
renoved fromthe mdline just below the dorsal fin and placed in
a glass tube on dry ice.

Smal | bl ood sanples were centrifuged for 5 mnutes in
hematocrit centrifuge and read to the nearest 0.5 percent with a
hematocrit reader. Large bl ood sanples were centrifuged for 2
mnutes at 1000 x g at roomtenperature, the plasma was renoved
W th pasteur pipettes, and the plasma was stored on dry ice in

0.5 m mcrocentrifuge tubes.
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After transport to the |aboratory, livers were honogeni zed
in 2.0 M water. Two aliguots of0.05 mM were renoved for
protein analyses, and aliguots of 0.2 m were renoved for
triglyceride analyses. @dycogen was precipitated fromthe
remai nder with 5 volunmes of ethanol according to the method of
Mont gonery (1957). dycogen was neasured by the colorinetric
met hod of Dubois et al (1956). Triglyceride sanples were diluted
to 1.0 mM with water and heated at 75° for 15 minutes. The
sanpl es were then cooled and centrifuged at 6000 rpmfor 10
mnutes in a Mstral 2000 refrigerated centrifuge. Supernatants
were decanted for triglyceride analyses by the nethod of Bucolo
and David (1973).

G Il ATPase activity was neasured by the method of Johnson
et al. (1977). Protein was determned by a nodification of the
method of Lowy et al. (1941). Skin sanples were extracted for
48 hours in 1 N HO and assayed for guanine by the method of
Staley and Ewing (1992).

Pl asma t hyroxi ne was measured by a nodification of the
radi oi nmunoassay met hod of Dickhoff et al. (1978). Plasm
gl ucose was neasured by a gl ucose oxi dase nmethod devel oped by
Bi otech Research and Consulting, Inc., for microliter quantities
of plasma. Plasnma cortisol was nmeasured by an enzyne inmunoassay
devel oped by Biotech Research and Consulting, Inc. based on the
met hod of Qgihara et al. (1977).

Conpari sons between paraneters of experinental groups and
times were exam ned by 2-way analysis of variance (ANOVA).  \en

significant differences were observed, individuals were conpared
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by Tukey's test. Gowh rates derived from di pnet sanples were
conmpared with those derived frommonthly pond counts by chi
square analysis. Al analyses were performed at the 95%

confidence | evel

Results and D scussi on

Sanpl i ng Procedures

Two potential problens inherent in dipnet sanpling were
exam ned: 1) Wether the sanple of 15 fish was representative
of the population: 2) whether the fish were stressed from
handl i ng.

To examne the first question, weights of the 15 fish from
each tine point in the snolt sanpling programwere conpared with
t hose obtained by crowding the popul ation and determ ning wei ghts
by pond counts (see Appendix G. Chi squared anal ysis indicated
that the weight of the fish in the snolt sanples was
significantly different fromthat of the pond counts (x% = 85.69;
x2(0.95) = 79.08) . |f the standard error associated with each
wei ght from snolt sanpling was used to cal cul ate a 95% confi dence
limt about the mean, 26.89 of the weights for the pond counts
were beyond this limt. However, if the error associated with
the pond counts was al so used to forma 95% confidence limt,
only 17.9 % of the weights from pond counts and snmolt sanples did

not overl ap.
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The deviation of the weight of the snolt sanples fromthe
pond counts was not a random occurrence. Mpst of the weights
fromthe snolt sanples were snmaller than those estinmated fromthe
pond counts. In particular, weights of snmolt sanples from group
C were significantly smaller than that of the pond sanples in 5
of the 8 sanples.

Gowh rates of the fish in the snolt sanples were
cal cul ated by changes in fork length and wei ght and conpared to
those obtained from snolt sanples (Table 70). Most growth rates
based on changes in fork length were simlar except in groups E
and F. Goup F in particular was nmuch | ower than the other
growh rates and the regression was not particularly good. The
| ow val ues of regression coefficients (rR%) for the M chigan ponds
both in pond counts and in snolt sanples suggested the difficulty
in sampling these ponds. This difficulty will be discussed
| ater.

These results suggest that the dipnet sanpling tends to
capture fish smaller than the popul ation nmean size. This is not
t oo surprising because the bigger fish are usually stronger and
faster and able to avoid the net nore readily. Qur results do
not agree with that of the Snolt Quality Assessnent group, who
found that the dipnet sanpling provided an adequate sanpling of
the popul ation. However, the nethods enployed were sufficiently
different that the two are difficult to conpare directly. W are
exam ni ng our procedures to determne if we can perhaps obtain a

nore random sel ection of fish
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Tabl e 70.

change in fork length

per

day.

Gowh rates fromsnolt sanples cal cul ated as
(cm per day and the change in weight

_ Both growth rates were obtained by |inear
regression” anal ysis.

G oup Gkg¥gh R2 GEngh R2 G;Zzz RZ
(cm/day) (g/day) (g/day)
A 0. 0228 0.912 0.175 0. 887 0. 087 0. 858
B 0. 0188 0.724 0. 149 0.635 0.102 0. 953
C 0. 0204 0. 905 0. 133 0. 875 0. 100 0. 892
D 0. 0214 0.763 0.127 0. 833 0. 079 0. 873
E 0. 0106 0. 333 0. 064 0.272 0. 038 0.418
F 0. 0055 0. 207 0. 026 0. 096 0. 054 0. 525
G 0. 0193 0. 655 0.114 0. 448 0. 060 0. 499

“Growth rate calculated trom pond I nventories shown In

Appendi x.
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The nost interesting part of the analysis was the indication
that the fish in group C were the nost difficult to sanple with a
dipnet. This suggests that the extra oxygen may have provi ded
sone additional energy to the escape behavior. This will be
di scussed further in the section on |iver glycogen and
triglyceride analyses.

The second question, that of stress to the fish during

netting, is addressed in the snmolt index portion of this report.

Snolt I ndices

Vi sual assessnment of snolting indicated a size relationship
to the coloration of the fish. Smaller fish tended to have |ess
silvering, while larger fish had deci duous scal es associated with
snmol ting in chinook and obscured parr marks by silvering.
Partially snmolted individuals were internediate in size (Fig.

29). The average length for fish in each of the snolt categories
increased slightly with time (Fig. 30).

The percent of the sanple consisting of parrs decreased
continuously during the sanpling year (Table 71), as would be
expected if the snolt status was a function of size. However
t hese data were from pool ed sanples fromall the raceways. There
was a tendency for fish in the Mchigan ponds to be sonewhat nore
silvery than those in raceways. Skin sanples were taken on
February 24-25 to |l ook at guanine |evels and attenpt to

guantitate these visual observations. Results showed that the
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Fig. 29. Length frequencies of fish in the three smolting
categories. Values are for fish from 105 sanples taken in
December 1992. Parrs, heavy stripes; partial snolts, solid bars;

snmolts, light stripes.
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Fig. 30. Average fork length (cn) for fish in parr, partially
snolted, or snolted condition with time of sanpling. Parr, -8-;

partial smolts, -O-; snolts, -A -.
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Table 71. Percent of sanple fromall raceways visually
assessed to be parrs, partially snolted, or snolts.

Dat e Parr Parti al Snol t Pr ecoci ous
Mal es
Cct ober 55.9 5.9 35.3 2.9
Novenber 31.2 35.5 32.3 1.1
Decenber 20.6 51.0 28. 4 0.0
January 32.0 32.0 35.0 1.0
February 16. 2 40.0 41.9 1.9
February 25 8.6 50.5 43.0 0.0
March 11 9.3 48. 6 40.0 2.1
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skin of fish in the M chigan ponds had significantly nmore guani ne
than those in normal raceways (Fig 31).

The rel ationship between size and col oration had been
suggested earlier for chinook salmon (EmM ng and Birks, 1982).

They suggested that chinook salnmon reared in tanks |ost their
parr marks at 7 cm and renained silvery throughout the rest of
their life until they entered freshwater as adults. The present
results suggest that the size required for silvery coloration and
| oss of parr marks in raceways was at least 15 cm Mst of the
fish tended to be in the partially snolted category, where the
parr marks were still visible through an overlying |ayer of

guani ne.

The increase in silvering observed in the M chigan ponds was
intriguing and unexplained. Bouck (1972) reported that rock bass
subj ected to periods of hypoxia lost their olive green col or and
appeared nore silvery. Wen nornal |evels of oxygen returned,
the fish regained their normal color. The differences in
coloration in the Mchigan raceways should not be a result of
hypoxi a, because the oxygen levels at the inflow are no different
than those seen in other raceways (Table 50). M chigan ponds are
characterized by high levels of ammonia, however, and the guanine
content seens to increase with increased anmonia content (Fig
31). Increases in amonia may |ead to increased glutamne
content in the fish and may result in increased purine synthesis.
The breakdown of purines to urea may also be inhibited by the

presence of high levels of anmonia. Further experinentation on
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Fig. 31. CGuanine concentrations fromskins of fish in the seven

experimental raceways. Sanpling was done on 24 February 1993.
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the nitrogen netabolism of the chinook salnon is needed before
t hese questions can be answered.

Condition factor was cal culated nonthly fromlength and
wei ghts of smolt sanples (Fig. 32). Maxinmumlevels attained in
all ponds occurred in Septenber. Values then dropped to reach a
mninum in January and February. During the last two sanples on
February 25 and March 11, condition factor was again increasing.
There seened to be little difference in the patterns of change in
condition factor between groups.

G Il (Nat+K)-ATPase activity showed fall peaks in activity in
groups A, B, C, and D (Fig. 33A and 33B). Goups A C, and D had
peaks in activity in Novenber, while group B had maxi mum activity
in Cctober. During the spring, activity rose sharply in all four
groups. Analysis of variance indicated significant differences
in activity throughout the year.

In contrast, the Mchigan ponds showed little indication of
any patterns of changes in activity (Fig. 33C and 33D). Analysis
of variance did not indicate significant differences in activity
in group E and Fduring the year. Goup G showed an F value (F =
2.44) that was only slightly greater than that for significance
at the 95% confidence level (F= 2.09, 7, 112 df).

Li ver gl ycogen showed a m nor peak in Cctober and a | arger
peak in February. Simlar patterns were observed in all ponds
(Fig. 34). In Cctober, glycogen levels seened inversely related
to the density at which the fish were reared. Highest levels
were observed in group B, while lowest |evels were seen in group

D. The correlation coefficient (R) for the relationship between
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Changes in condition factors with tinme for spring
raceways at

Figure 32.
chi nook salnmon reared in seven experinent al
Oregon raceways: group A

group D, -¥-. B. Mchigan

Wl anette Hatchery, 1992-1993. A
-0- 3 group B, -e-; group C -V-;

raceways: group E, -0-; group F,-e-; group G -V-.
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Fig. 33. Changes in gill (Na+K)-ATPase specific activity with
time in spring chinook salnon reared in experimental raceways at
WIllanmette Hatchery, 1992-1993. A. Goup A -0-; group B, -e-.
B. Goup C, -0-; group D, -e-. C  Goup E, =-0-; group F, -e-.
DD Goup G -0-.
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Fig. 34. Changes in liver glycogen (ug/ng protein) with tine in
spring chinook salnon reared in experinmental raceways at

Wl lamette Hatchery, 1992-1993. A Oregon raceways: group A
0-; group B, -e-; group C, -V-; group D, -¥-. B. Mchigan
ponds: group E, -0-i group F,-e-; group G -V-.
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density and gl ycogen concentration was 0.664, which was not
significant at the 95% confidence level. During the peak in
gl ycogen in February, the correlation between density and

gl ycogen concentration was not significant (R = 0.458).

Liver triglycerides were assayed in sanples from Decenber
until release. Al groups showed simlar patterns (Fig. 35). A
peak in triglycerides was reached in February and then decreased
just before release. |In the Mchigan ponds in February, fish
fromgroup E had a [ ower concentration of triglycerides than fish
in groups F and G Triglyceride levels seened to vary with
ammoni a concentrations in these raceways. The signficance of
this is unknown.

The suggested increase in energy netabolismindicated by the
capture of smaller fish in group Cis not supported by the
nmeasur ements of conpounds used to provide energy for the fish,
glycogen and triglycerides. No differences in |levels of glycogen
or triglycerides were observed between group A without oxygen and
group C with added oxygen. These are relatively crude
measur ements of energy reserves, however. Geater refinements of
energy utilization in the fish of the two different groups, such
as energy charge, creatine phosphate concentrations, or
m tochondrial function, may be required before these differences
can be distinguished.

Bl ood hematocrits showed rather conpl ex changes during the
year (Fig. 36). Al groups except group A showed naxi nmum
hematocrits in Cctober. Goup A had maxi ma in Septenber and

Novermber. All groups tended to increase in March just before
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Fig. 35. Changes in liver triglycerides (ug/ng protein) wth
tine in spring chinook salnmon reared in experinmental raceways,
1992-1993. A (Oregon raceways: group A, =-0-; group B, -e-;
group C, -V-; group D, -¥-. B. Mchigan ponds: group E, =-0-;
group F, -e~; group G -V-.
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Fig. 36. Changes in blood hematocrit with time in spring chinook
sal non reared in experinmental raceways at WIllanmette Hatchery,
1992-1993. A. Goup A -0-i group B, -e-. B. Goup C, -0-;
group D, -e-. C. Goup E, -0-; group F,-e-. D. Goup G -0-.
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rel ease. The patterns suggested that hematocrit |evels of
greater than 40% occurred during snolting and |levels |ess than
40% occurred during non-snolting periods.

In the raceways, the changes in hematocrit appeared to mmnic
the changes in gill ATPase activity. Regressions of ATPase
activity against hematocrit had a regression coefficient (R of
0.563, which suggests a slight but significant relationship (Fig
37). This did not occur in the Mchigan pond series because the
changes in enzyme activity were suppressed and not significantly
different throughout the sanpling period. \Wether this
rel ati onship has a physiol ogical basis is not known at present.

Pl asma t hyroxi ne reached maxi nrum | evels in Cctober in nost
groups (Fig. 38), then remained |low for the rest of the year.

Only group D, which had el evated densities, and group F, the
second pond of the Mchigan series, showed little change in
thyroxine levels in Cctober. The suppression of the thyroxine
peak in group D supports the conclusions of others (Patino et al,
1989) that increased densities inhibit thyroxine surge

devel opment, but this effect was not seen in groups E or G which
were reared at simlar densities.

Pl asma gl ucose levels gradually increased to a peak in
February, then decreased abruptly (Fig. 39). The pattern was
approximately the same in all raceways. Maxinmum |evels attained
approached 200 mg/dL, whi ch seens high for non-stressed fish. If
the fish were stressed during capture and sanpling, these effects

shoul d be evident fromthe cortisol val ues observed. However
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Fig. 37. Relationship between hematocrit and gill (Na+K)-ATPase
activity for spring chinook salnon reared in Oregon raceways.

The points include sanpling dates from Septenber 1992 to March
1993.
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Fig. 38. Changes in plasma thyroxine concentration (ng/mL) With
time in spring chinook salnmon reared in experinental raceways,
1992-1993. A (Oregon raceways: group A, -0-; group B, -e-;
group ¢, -V-; group D, -¥-. B. Mchigan ponds: group E, -0-;
group F, -e-; group G ~-V-.
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Fig. 39. Changes in plasma glucose concentration (ng/dL) with
time in spring chinook salnon reared in experinmental raceways,
1992-1993. A Oregon raceways: group A, -0-; group B, -e-;
group C, -V-; group D, -¥-. B. Mchigan ponds: group E -0-i
group F, -e-; group G -VY-.
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cortisol analysis was not yet conplete at the tine of this
report. The results of cortisol analyses wll be described in

the next annual report.
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LI BERATI ON STUDI ES

During snolt releases on 15 and 16 March 1993, 21 fish
|'i berations were videotaped at Pengra boat ranp |ocated 2 km
bel ow Dexter Dam  The ranp at Pengra is about 15 neters |ong and
inclined at a 25° angle. Fish were |iberated at the end of the
ranp where the water was about 1 nmeter deep with a noderate
current. The weather was overcast with constant drizzling
rainfall. Water level in the river was high and the water was
somewhat murky. Al liberations were videotaped froma bank on
t he downstream side of the boat ranp so that the entire
|'i beration process could be observed.

The 21 liberations taped were nmade from8 |iberation trucks
(Table 72). Liberations were of three types. Wth the large
tankers (X3 and #8 in Table 72), each truck was backed to the
edge of the water, a port was opened at the back, and the fish
were poured out of the back of the truck into the water.

In the second style of liberation, an extension to the
outlet of the tanker protruded from2 to 4 feet beyond the body
of the truck. The truck was backed to the edge of the water so
that the extension pipe al nost touched the surface. The port was
then opened and the fish rel eased.

The third and nost common type of liberation was that with a
conbination of flexible and rigid pipe. One end of an 8-foot
flexible pipe was attached to the outlet of the tanker, and an 8-
foot section of rigid pipe was attached to the other end. The

truck was parked a distance fromthe water's edge and the pipes

223



Table 72.  Techniques of liberation for various trucks used for
|'i berating chinook salnmn in March 1993

Truck Time to Techni que
Unl oad
(sec)

1 107. 7 2.5-3 foot pipe out back.
Truck backs to water's
edge.

2 68.0 Doubl e hose just above
the water.

3 38.3 Li berated directly out of

back of the truck. No
hoses or pi pes.

4 53.7 2.5-3 foot pipe out back
Truck backs to water's
edge.

5 50. 3 Doubl e hose used. Liber-

ated at water |evel.

6 72.5 Li berated from a cone-
shaped nozzl e at the back
of the truck. Fish drop

about 4 feet.

7 42.5 Singl e hose used, held at
wai st | evel .
8 159.0 Li berated directly out of

t he back of the truck. No
hoses or pi pes.
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were adjusted so that the fish flowed nearly horizontally out of
the pipe and into the deep portion on the river. Angles and
hei ghts at release varied with the drivers.

Each rel ease was exam ned closely in the video tape for the
hei ght at which the fish were liberated and the angle at which
they struck the water. The tine required for conplete liberation
of the fish was neasured.

In addition to physical characteristics of the releases, an
attenpt was made to guantitate behavior patterns of the rel eased
fish from the videotapes. Several behavior patterns were
observed in the liberated fish. Fish presumed to be the nost
stressed turned over and floated in the current in the area of
release. Qther stressed fish leaped into the air away fromthe
area of liberation. Leaps were defined when the caudal fin |eft
the water surface so that the entire body of the fish was in the
air. Another behavior pattern associated with stress was
skittering. In this behavior, fish swamrapidly for variable
di stances on or near the surface of the water away fromthe area
of liberation. Mrre than four rapid tail beats were required to
be counted as skittering. Bobbing also occurred at the area of
|'i beration and appeared to be associated with stress. Fish
bobbed in the area of release with their heads and gill covers
protruding into the air but with the rest of their body
submerged.

G oundi ng was a behavior associated with liberation stress
t hat was observed in previous years but not in 1993. In this

behavi or, fish rushed fromthe area of liberation, often by
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skittering, and swam partially up on the bank, usually with their
backs out of water. These fish could be touched without evoking
a fright response and were obviously highly stressed.

Behavi or of the fish was quantified by counting the nunber
of fish that were skittering and | eaping. In each |iberation
sequence, the fish were counted three tines and the nunbers
averaged. In addition, an arbitrary rating was assigned to each
|'i beration according to a general inpression of the release. A
rating of 1.0 was the nost gentle on the fish, a rating of 5.0
was the harshest. W attenpted to count bobbing in each
|'i beration, but the nunbers exceeded 1000 in the few |iberations
we counted and the final number was probably grossly inaccurate.
Consequently, this neasurenent was abandoned.

Results are shown in Table 73. Unfortunately, there was
only a single significant correlation between the paraneters
(Table 74). The correlation between rank and | eaps probably
indi cates that the viewer was unconsciously using the fish
leaping as a criterion for the ranking. The lack of correlation
bet ween | eapi ng and skittering suggests that these are responses
to different types of stress inposed by liberation

At this tine, we have not yet analyzed the flow fromthe
tankers and the nunbers of fish held by each tanker. W suspect
that the nunber of fish released per second and the speed at
which they strike the water will reflect the extent of the stress
upon the fish. The data is available in liberation tickets so we
hope to be able to match up the |iberations on videotape to the

appropriate liberation tickets.
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Table 73. Liberation techniques and fish behavior for al
vi deot aped rel eases.

Nunber Tanker Unload Drop Angle Leaps Skitters Rank
Time (feet) (degree)

(sec)
1 1 66 2.5 50 4.7 8.3 2.5
2 2 85 0.25 10 22.3 13.0 2.0
3 3 38 3.0 60 59 27.7 4.0
4 4 53 2.5 45 25.7 39.3 3.5
5 1 110 2.0 40 3.0 7.3 1.5
6 5 49 0 0 6.7 15. 7 2.0
7 2 67 1.0 30 7.0 12.7 2.0
8 6 75 3.5 60 26.0 14. 0 4.5
9 7 41 2.5 30 5.0 5.0 1.0
10 3 38 2.0 50 62.0 24. 7 5.0
11 4 99 3.0 45 13.7 13.0 2.5
12 8 159 3.0 40 75.7 23.0 5.0
13 2 71 0 10 4.7 6.3 1.0
14 1 109 2.0 50 14. 3 11. 0 2.5
15 5 o1 0 0 10. 3 21.3 3.0
16 3 39 2.5 60 64. 7 15.0 5.0
17 4 53 2.5 40 21. 7 11. 3 2.5
18 1 104 1.5 45 51.0 19.0 2.5
19 7 44 3.0 50 36. 3 S5. 7 4.0
20 6 70 3.0 50 78.7 1.7 4.5
21 5 51 1.0 20 36.0 19.3 3.0
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Table 74. Correl ations between the paranmeters nmeasured and
reported in Table 72.

Par aneters R2
Unload tinme vs rank 0. 0002
vs | eaps 0. 007
vs skitters 0. 009
vs angle 0. 009
vs hei ght 0.0105
Rank vs | eaps 0.691%*
vs skitters 0. 196
vs angle 0. 335
vs hei ght 0. 300
Leaps Vs skitters 0.128
vs angle 0. 241
vs hei ght 0. 189
Skitters vs angle 0. 008
vs hei ght 0. 0009

"Signifircant at the 95% 1 evel of confl dence.
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ABSTRACT

Techni ques and sources of error in estinmating size and
nunbers of fish in hatchery raceways and on |iberation trucks
were exam ned in three hatcheries using three species of
sal nonids. The greatest source of error in deternmining fish size
depended upon the nunber of individual sanples taken froma
raceway. Error also varied with percent of the population
sanpl ed but the correlation between error and percent of
popul ati on sanpl ed was not as great as that between error and the
nunber of sanples taken. Sanples of 15 pounds did not show
better precision than sanples of 5 Ibs. Variability in fish size
seened to affect the mnimumerror associated wth estinates of
fish size. From these studies, we suggest that errors in fish
size of 2-5% are common. W recommend 7-9 random sanples to

attain an acceptable level of error in size estimtes.
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The status and managenent of anadronous salnonids in the
Pacific Northwest has directed attention to the effect of
hat cheries on |ocal economes, the cost effectiveness of
hatcheries, and the effect of hatcheries on wild fish. Wth the
current concern about endangered stocks of fish, the effects of
stocking hatchery fish in river systens is especially critical.
To eval uate these aspects of hatchery operations, accurate
rel ease information, including date, |ocation, size, and nunber
of fish stocked, is essential. Hatchery-released sal nonids can
be stocked either by direct release fromthe hatchery rearing
pond or by transport to a release site renote fromthe hatchery.
Wien fish are released directly fromthe hatchery, the nunber of
fish stocked is based on hatchery records of the nunber of fish
initially placed in raceways mnus the subsequent nortalities.
Wien fish are transported for release, a second nethod of
estimating the nunber of fish stocked is commonly used. (Gauges
of the liberation trucks determ ne the anmount of water displaced
by the fish. This water displacenment is then converted to pounds
of fish |loaded by nultiplying the pounds or kil ograns of water
di spl aced by the specific gravity of the fish (Leitritz and
Lewis, 1976). |If the average fish weight is known, the nunber of
fish stocked can be determ ned by dividing the pound of fish
stocked by the average fish weight.

In Oregon, we have often found discrepancies between
inventories from hatchery records and those based on di spl acenent

and average fish size at the tine of stocking. Cccasionally, a
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di screpancy as great as 20% woul d occur. Typically, these
di screpancies were attributed to bird predation. !N 1991, we

were asked to exam ne the procedures for estimating the nunber of

fish | oaded onto liberation trucks. This study describes sonme of

the sources of error that we identified in these procedures.
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METHODS

Studi es estimating average fish size were made with three
species of salnmonids at three Oregon hatcheries: rainbow trout

(Oncorhvnchus nvkiss) at Wzard Falls Hatchery and Irrigon

Hat chery, steel head (0. nvkiss) at Irrigon Hatchery, and chi nook

salmon (0. tshawtscha) at WIlamette Hatchery.

On 26 June 1991, rainbow trout reared at Wzard Falls Fish
Hat chery were | oaded into a 5,000 gallon |iberation truck. To
acconplish this, about 60% of the trout in the raceway were
crowded to the upper end of a raceway, neasured to the nearest
mllimeter and | oaded into |iberation trucks. Wen nost of the
fish were | oaded, the remainder of the raceway popul ati on was
crowded and the fish collected with dipnets. These fish were
t hen poured into baskets which were hung from Chal | enger Model
3260 electronic scales. The baskets were |eft hanging for
approximately five seconds, or until the readings stabilized, and
the weight of the sanple recorded. After every 150 Ib (68 kg) of
fish, technicians wei ghed and counted the fish in a basket to
determine the average individual fish weight. Average size of a
counted basket was 5.95 kg of fish. When approxi mately 1000
pounds (454 kg) of fish were wei ghed, they were punped into a
single compartnent of the liberation truck with a Nielsen fish
PunP. The liberation truck driver then used displacement gauges

on the truck (Leitiritz and Lewis, 1976) to estimate total fish
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weight. The total weights of fish determ ned by inventory
nmet hods and by di spl acenent nethods were then conpared.

Techni ques t hroughout the inventory, |oading, and
di spl acenent estimation were observed to insure that no
uni ntentional bias was introduced.

W checked the accuracy of the Chal |l enger electronic scale
by sequentially weighing 2 liter quantities of water to a total
volume of 12 liters. The difference between the true weight of
the water (derived fromvolume, specific gravity, and
tenperature) and the reading fromthe scal e was recorded.

Fish oaded on the |iberation trucks were hauled to Irrigon
Hat chery, where they were inventoried two days later. The trout
were crowded to the |ower half of the raceway and subgroups were
then crowded toward the mddle of the pond where they were
inventoried simlar to that described for Wzard Falls Hatchery.
Average size of counted baskets was 15.23 kg.

To determne the effect of various nunbers of basket counts
on the variability of the inventory estimates, the 27 basket
counts at Wzard Falls Hatchery and the 8 basket counts at
lrrigon Hatchery were divided into subgroups using a Monte Carlo
sel ection technique. Varying nunbers of randomy sel ected
baskets were chosen fromwthin these subgroups for weight
det erm nati ons. For exanple, to determne the effect of taking
only 3 basket counts at Wzard Falls Hatchery, we split the 27
total basket counts into three subgroups (1-9, 10-18, and 19-27).
A random nunber generator was then used to select one basket

count from each subgroup to create a sanple of 3 basket counts.
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The sane type of selection was conducted for sanmple sizes of 5,

7, 9, and 13 basket counts at Wzard Falls Hatchery, and 3 and 5
basket counts at Irrigon Hatchery. The process was repeated 40
times for each sanple size at Wzard Falls Hatchery and 20 times
for each sanple size at Irrigon Hatchery. Fish weight estimates
from each sanple size were averaged and the 95% confidence |imt
determined from the standard error. The 95% confidence linit was
then reported as a percent of the nmean. For sinplicity, this
value is referred to as "error" in the Results and D scussion
section.

A simlar study was performed with two raceways of summrer
steel head at Irrigon Hatchery on 24 March 1992. Fish were
crowded to the lower half of the raceway wi th al um num crowders
and sanpled as described for rainbow trout. Al the fish in each
raceway were weighed. Twenty basket sanples from each pond were
wei ghed and counted. Average sanple weights were 9.1 and 10.4 kg
(20.0 and 22.9 pounds) for raceways 9 and 13, respectively. Data
was treated in a manner simlar to that for rainbow trout.

On February 20-22, 1991, 14 raceways of chinook sal non at
Wl anette Hatchery were crowded and 35 basket sanples were taken
from each raceway. The sanples were wei ghed and counted, but no
attenpt was nade to weigh the renmai nder of the fish in the
raceways. Sanples averaged about 4.5 kg (10 pounds) in wei ght.
Errors in estimates of fish size were cal cul ated as descri bed
above.

To determ ne the effect of basket sanple weight on the error

in fish size determnations, we sanpled chinook sal mon in raceway
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18 at WIlanette Hatchery on 17 Decenber 1991. Fish were crowded
and the entire popul ation was wei ghed and | i berated behind the
crowders.  Sanples were wei ghed and counted after every 20 kg of
fish. This sanpling regi nen was done tw ce, once with net |oads
of fish that averaged 2.54 + 0.10 kg (5.6 + 0.2 pounds) and once
with net |oads that averaged 6.43 + 0.21 kg (14.4 + 0.5 pounds).
Data were treated simlarly to that of rainbow trout, except that
plots of error versus sanple size or percent of the population
sanpl ed were transforned |logarithmcally for conparison by
regression analysis.

On 20 February 1992, we wei ghed three raceways of chinook
salmon at Wllamette Hatchery to determne the total weight of
fish. Counts were performed as described above. Estinates of
popul ati on size were conpared between hatchery records, total

wei ght of fish, and displacenent values fromliberation trucks.
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RESULTS

Accuracy of the Challenger electronic scales used at Wzard
Falls varied wth the amount of weight placed on the scale.
According to the scale specifications, accuracy varies from
22.65% at 3 kg to +o.s2% at 13 kg. Qur neasurenents showed t hat
the two scales used at Wzard Falls Hatchery were accurate to
+0.0% and #2.5%, respectively, at 3 kg and +0.42% and #0.83%,
respectively, at 13 kg. These errors seened reasonably close to
the scal e specifications and these estimates of accuracy were
used for the scales used at other hatcheries in this study.

Estimates of fish size decreased throughout the sanpling
period at Wzard Falls Hatchery (Fig. 1). No consistent change
in fish size was observed at Irrigon Hatchery for the same group
of trout, or for any of the other groups reported here. The
reason for this change in size estinmates was not determ ned but
It suggests that, for best results, sanples for size estimtes
shoul d be taken throughout the inventory process.

The total weight of fish estimated from water displacenent
at Wzard Falls Hatchery was only about 1% different fromthe
wei ght estimate by raceway inventory (Table 1). Wthin truck
conpartnents, the difference varied from2.2%to 0.68% In
conpartments |-3, weight estimates from water displacement were
| ess than pond weight estimtes, whereas in conpartments 4-5,

displacment estimates were greater than pond estimates. The
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truck was noved after filling conpartnents |-3. This may have
altered the readings from the displacenent gauge.

The level of error in estimates of fish size from pond
i nventori es depended upon the nunber of basket counts (Fig. 2A).
Error ranged from 19.2% of the mean with three basket counts to
3.0% of the mean with 27 basket counts. Increasing the nunber of
basket counts from3 to 9 provided the nost inprovenent in
precision, while nmore than nine basket counts increased precision
very little. Simlar results were observed at both Wzard Falls
and Irrigon Hatchery.

The level of variability also changed with percent of the
popul ation sanpled. Average percent of the population weighed in
each basket at Wzard Falls Hatchery was 0.25%, while an average
of 0.65% of the popul ation was wei ghed in each basket at Irrigon
Hat chery. The relationship between error in weight estimation
and the percent of the population sanpled is shown in Fig. 2B.
About 2% of the population at Wzard Falls Hatchery and 3% of the
popul ation at Irrigon Hatchery were required for best precision
wth the least effort.

To determne the variability of these estimates of error in
di fferent popul ations and species of fish, a second study was
undertaken at Irrigon Hatchery with summer steel head.

Conmput ation of errors in estimates of fish size suggested that
the errors approached m ni num val ues after 7-9 sanples or 5% of
the popul ation was nmeasured (Fig. 3). Population weights from

the pond inventories were 3.7% and 6.1% higher in the two

251



raceways exam ned than estimates derived fromtruck displacenent
measurenments (Table 2).

Because of the design of the experinments with steel head and
rainbow trout, there was no way to determne if nunbers of sanple
counts or the percent of the popul ation sanpled was nore
important for the precision of the size estimates. To exam ne
this question nore closely, we sanpled spring chinook sal non at
WIllanmette Hatchery. Thirty-four sanples of either heavy (6.4
kg) or light (2.5 kg) baskets of fish were taken throughout two
inventories of a single raceway. Fish fromthe heavy sanpl es
were estimated to be significantly larger than those fromthe
light sanples (Table 3). Mnimmerror was reached after 7-10
sanples (Fig. 4). Equations describing the logarithmc
transformation of error versus nunber of baskets from heavy and
l'i ght baskets were 1n (error) = -0.7784 1n (sanple nunber) +
3.8786 and 1n (error) = -0.7775 1n (sanple nunber) + 3.7129,
respectively. Correlation coefficient (R) for the logarithmc
transformati on of the relationship between error and nunber of
sanples was 0.963, while the logarithnmic transfornation of the
rel ati onship between error and percent of the population had a
correlation coefficient of 0.875. These results suggested that
t he nunber of replicate sanples was the primary factor decreasing
the error in the estimates of the weight rather than the percent
of the population that was sanpl ed.

The mninmum | evel s of error obtained at high sanpl e nunbers
were greater at WIlanmette Hatchery than those observed for

sumer steelhead at Irrigon Hatchery or those for rainbow trout
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at Wzard Falls Hatchery. W considered two explanations for
these differences: 1) The nunber of fish per basket was
Inportant for reducing the error in the weight estimates, and 2)
the variability in fish size in the popul ation determ ned the
mninum error in weight estimtes attainable.

The first of these hypotheses was tested by estinmating the
average nunber of fish per basket, obtained fromthe average size
of the fish and the average basket size for each group of fish.
Wien average nunber of fish per basket was plotted agai nst
mninmumerror of fish weight attained (usually at 20 sanples), no
significant relationship was observed (Fig. 5), suggesting that
t he nunber of fish counted in each basket had little effect on
the error in the estimate of fish weight.

To test the second hypothesis, we determ ned fork |engths
and standard deviations fromall the sanples described in this
study. A significant (P < 0.05) relationship was found between
the coefficient of variation (standard devi ation/ nmean) of sanples
of fork lengths and the mninmumerrors of estimtes of weights
attained (Fig. 6). The correlation coefficient for this
relationship was 0.664. This suggests that variability in fish
size influences the mninmumerror associated wth estinmates of
fish size, that is, one can obtain |ower errors in estimates of

fish size in populations of nmore uniform size.
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DI SCUSSI ON

Reports of studies on sanpling fish for size are few and
rarely reported in the literature. W found only passing
references to techniques of inventoring raceways of fish. Kontz
(1979) recommended a mnimum of five sanples containing 150 to
250 fish for sanple counts. No single count should differ nore
than 10% from the others. He provided no evidence to support
these recomendations, however. Leitritz and Lewis (1976)
descri be the nmethods used for determning fish per pound but do
not consider the error associated with these estinmates. Buchanan
(1991) exam ned variations in |length associated with sanpling
procedures and found few significant differences in length with a
variety of sanpling nethods.

The present study provides sonme guidelines for sanpling fish
and estimating fish size for hatchery personnel. W recomend
fromour data that 1) sanples for determ nation of fish per
ki | ogram be taken throughout the weighing or |oading period, and
2) 7-9 sanples be taken for estimates of fish per kilogramto
achieve mninum error. The mininmumerror achieved increases with
the variation in size in the population. Sanpling a percentage
of the popul ation does not seemto affect the error in the size
estimate as nmuch as the nunber of sanples. Finally, error in the
size estimate appears to be only slightly affected by the weight
of the net loads of fish. W suggest for convenience that

hat chery personnel use 7-9 net |oads weighing only 2.5 kg each
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for making pond counts. Precautions should be taken, however
that the light net [oads do not introduce abiasin the sanples.
For exanple, if a heavy net |load of fish is sanpled, it should
not be lightened by allow ng sone of the fish to swi mout.

Mnimumerrors in estimates of fish weight varied according
to population of fish, but errors of 5% were comon. This is
only one source of error in the rather conplex procedure of
determning population nunbers of fish. Therefore, it is not
surprising that |arge discrepancies are sonetinmes observed
bet ween different nethods of estimating popul ations. W have
reported on another source of error, that of variable specific
gravity of fish (Lewis et al., 1992). Qher sources of error
arise fromthe error associated with the scale, fromchanges in
wei ght after periods of starvation and stress, and from | ack of
care in nmaking the measurenments of weight, displacenent, or
nunbers. In any case, there seens to be little reason to blane
predators for differences in population sizes estinated by
di fferent methods unless there is indisputable evidence of heavy
predation.

Further studies of sanpling fish in raceways shoul d be
performed to answer a nunber of pressing questions. For exanple,
we have described experinents that exam ne the precision of
estimates but not their accuracy. To determne the accuracy of
popul ation estimates, the entire raceway of fish should be
counted and estimates conpared to that value (Buchanan, 1992).

Al so, we have not extensively exam ned the changes in weight that

may occur from periods of starvation or stress diuresis.

255



Prelimnary studi es have indicated that some changes nmay occur
over relatively short periods of time. These changes may affect
estimates of fish size and consequently popul ation size.

Finally, alternative methods for popul ation estimtes, such as
mar ked/ unmarked ratios in coded-wi re tagged fish (Schaefer,
1951), inpedance counters (Liscomand Volz, 1975), or inage

anal yses, should be explored.
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FI GURE LEGENDS

Fig. 1. Average weight of rainbow trout estimated from basket
wei ghts and counts throughout an inventory at Wzard Falls (-¢-)

and lrrigon (-A-) Fish Hatcheries.

Fig. 2. Average error (95% confidence interval as a percent of
the nean) in estinmates of rainbow trout weight at Wzard Falls
(-0-) and Irrigon (-+-) Fish Hatcheries in relation to (A nunber

of basket counts or (B) percent of the popul ation sanpl ed.

Fig. 3. Average error (95% confidence interval as a percent of
the nean) in estinmates of sumer steel head weight at Irrigon
Hatchery in relation to (A) nunber of basket counts or (B)

percent of the popul ation sanpl ed.

Fig. 4. Average error (95% confidence interval as a percent of
the nmean) in estimtes of weight of chinook salnon at Wl lanette
Hatchery in relation to (A) nunber of basket counts or (B)
percent of the popul ation sanpl ed. Heavy baskets, -e-e-; |ight
baskets, -OO.

Fig. 5. Relationship between the average nunber of fish in a

basket during weighing and the mninumerror attained in

estimates of fish weight.
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Fig. 6. Relationship between coefficient of variation (standard

devi ati on/mean) of fork lengths of all populations of fish

nmeasured in this study and the mninumerror attained in

estimates of fish weight.
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Table 1. Conparison of estimates of total weights of rainbow
trout by hatchery inventory and by |iberation truck
di spl acenent s.

Truck Wi ght Estinates (kg) Per cent
Conpar t ment [ nventory D spl acenent D fference
1 487. 3 478.5 1.84
2,3 933.0 911.7 2. 34
4,5 948. 3 954. 8 0. 69

Tot al 2,368.5 2,345.0 1.00
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Table 2. Conparison of estinmates of weights and popul ati on
nunbers in two ponds of summer steelhead at Irrigon Hatchery.
Estimates were derived from hatchery inventories or from

di spl acenent of water on |iberation trucks.

Pond 9 Pond 13
Average fish weight
(g; nmean + standard error) 100.62 + 0.90 101.62 + 0.83
Total kg fish
I nventory 1,064.3 2,392.1
Di spl acenent 1, 025-1 2,245.3
D fference 39.2 146. 8
Popul ati on estimates
I nvent ory 10, 578 23, 682
Di spl acenent 10, 188 22,230
D fference 390 1, 452
Percent Difference* 3. 7% 6. 1%

*Percent difference was calculated fromthe difference i n weight
or fish nunber between nethods divided by the estinmate of weight
or fish nunber derived from hatchery inventory nethods.
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Table 3. Conmparison of weights and popul ati on nunbers of spring
chinook salnmon in pond 8 at Wl | anette Hatchery when sanpl ed by
l'ight and heavy basket |oads. Values are neans +

standard errors.

Basket Size

Li ght Heavy
Average basket wei ght (kg) 2.54 + 0.10 6.43 + 0.21
Average fish weight (g) 36.76 + 0.71 39.29 + 0.61
Total kg wei ghed 768. 22 774. 20
Estimate of popul ation 20, 898 19, 707
Pogg{gaépn size from 20, 037
y inventory
Percent of hatchery inventory 104% 98%
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