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| NTRODUCTI ON

Hydr opower devel opnment and operations in the Colunbia R ver
basi n have caused the loss of 5 mllion to 11 mllion sal nonids.
An interimgoal of the Northwest Power Planning Council is to
reestablish these historical nunbers by doubling the present runs
from2.5 nillion adult fish to 5.0 nillion adult fish. This
increase in production will be acconplished through conprehensive
managenent of both wild and hatchery fish, but'artificial
propagation will play a najor role in the augnentation process.
The current husbandry techniques in existing hatcheries require
i mprovenents that may include changes in rearing densities,
addition of oxygen, renoval of excess nitrogen, ahd inprdvenent
in raceway design. Enphasis will be placed on the ability to
I ncrease the nunber. of fish released from hatcheries that survive
to return as adults.

Rearing density is one of the nost inportant elenments in
fish'culture. Fish culturists have attenpted to rear fish in
hat chery ponds at densities that nost efficiently use the rearing
space available. Such efficiency studies require a know edge of
cost of rearing and the return of‘adults to the fisheriesand t o’
the hatchery.

It is widely accepted that the limtations on surviva
I nposed by rearing densities are. dependent upon oxygen

availability. The nodels of Wsters (1970), Liao (1971), and



Banks et al. (1979) are based on the linitations of oxygen
availability at various densities, tenperature, 5nq sizes of the
fish being reared. |n the past oxygen limitations has been
overcome by increased flow, but in recent years, 5qdition-of
oxygen to the raceways has become an acceptable alternative.

In spite of the acceptance of oxygen as the limting factor
in fish culture at the present time, there has been little
information on the rel ationship between oxygen availability to
cultured salmon and their subseguent survival to adulthood after
release. This project will extend that information by exam ning
the effects of oxygen supplenentation in a surface water hatchery
on the rearing and surival of spring chinook salmon. tha first
four years of the project will |ook at the operational aspects of
t he use of oxygen, the effects on water guality on oxygen
utilization, and overall quality of fish reared at high densities
with supplenmental oxygen. Results fromthe start up and three
years of releases have already been described (Ew ng and Sheahan

1990; Ewing and Sheahan 1991; Ew ng and Sheahan 1992; Ewi ng et.
al . 1993).



METHODS AND MATERI ALS

Fi sh Cul ture

Spring chi nook sal non_(Oncorhynchus tshawtschal adults were

collected at the Dexter hol ding ponds bel ow the Dexter Dam 15
mles east of Eugene. The adults were hauled to WIllanette
Hatchery in Cakridge, Oegon, and were held in a 300 foot |ong by
15 feet W de excavated rock and earth pond supplied with water
from Sal non Creek at a flow of about 10,600 liters per m nute.
Approxi mately 1600 adults were held throughout the summer.
Spawni ng occurred from Septenber through Cctober and each egg-
take was incubated separately. Juveniles released in the fall of
their first year cane fromthe earliest egg-takes. The fish used
for this project were derived fromlater spawnings in order not
to exceed the size desired at release. These fish were ponded in
groups by hatching dates. ,
Juvenile fish were taken randomy fromdifferent egg-take
groups and marked wi th adi pose-finclips and coded-wire tags. At
the tinme of tagging (from6 July 1993 to, 27 July 1993) they were
introduced into experinental raceways. Because of the conplexity
of the experinental design, the letters A through G are used to
designate the different test groups (Table’l). Subscripts
represent replicates. Ideal conditions\ for each raceway are

given in Table 2.



When required, oxygen was added to the raceways through

seal ed contact colums (Westers et. al., 1988). Modifications of

Table |I. Designations and pond nunber for experinental ponds at
Wl lanmette Hatchery.

Desi gnati on Pond Characteristics
Ay ) 7 Normal density, no oxygen suppl enentation
Ap 17 Replicate
Bj 6 Hal f density, no oxygen supplenentation
B2 1 6 Replicate
a 8 Normal density, oxygen supplenentation
o) 18 Replicate
Dy 9 Tri pl e density, oxygen suppl enentation
Dy 19 Replicate
Eq 30N M chi ?a_n system first pass, oxygen added
Ep 30S Replicate
Fi 20N M chi gan system second pass, oxygen
added
) 5 20s Replicate
Gy 10s M chi gan system third pass, oxygen added
@ 10N Repl i cate
Table 2. ldeal characteristics of experinmental ponds at

W | anett e Hatchery2.

Number Fi nal I nfl ow Load  Pond volune Density
G oup of fish pounds gpm pounds/gpm fty pounds/ft;
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 7.2 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 approxinmate and shoul d be conpared
wi th experimental nunmbers provided in the Results section.



the design to fit site-specific requirements were determ ned
before experimental rearing began (Fish Factory, 1990). nNo.
packing nmedia or dispersion plates were used, in the colums. |p
raceways w th suppl emental oxygen, dissolved oxygen in the
raceway effluent was maintained at 100% of saturation.  oxygen
flow into the contact columm was increased or decreased manual |y
using a Brooks rotoneter

Fish were fed Bi oMi st Feed from Bi oproducts, Inc.,

Warrenton, OR  Feed was wei ghed daily for each pond and recorded
with the cunmul ative amount of food per pond on a daily feed

sheet. Fish growth was programmed to neet production goals based
on historical nonthly weight gains.

Mortalities of both tagged and untagged fish were enunerated
and recorded weekly for each pond when the ponds were cleaned.
cumul ative nortalities were used to estimate. popul ation sizéé
each nonth.

Water tenperatures were recorded on a Tayl or thernograph;
Preci pitation was recorded by a National Cceanic and Atnospheric
Adm ni stration weather observation station |located at the
hat chery.

"Sanple counts to determne fish per pound for the single.
pass systens were taken at the end of each nonth by crowdi ng the
fish. Variabl e nunber of sanple counts were taken by hatchery
personnel on nost nonths. Gab sanples were obtained fromthe
M chigan ponds. In September, Decenber, and February,ten sanple

counts were perforned for each raceway (Ewng et al. 1994). In



t he M chigan ponds, grab sanples fromvarious conpartnents were
taken until ten sanple counts were obtained.
Gowh of the fish was calculated from pond counts in three

different ways (R cker 1975):

Absol ute Change = wp - wp

Rel ati ve Change = (wy - w3)/ w3

| nst ant aneous Rate = loge W2 = loge W3

w h e r e
wy = The weight at the end of the tine period.

wq = The weight at the beginning of the time period.
Food conversions were cal cul ated fromthe change in biomass-

of the -raceway and the anount of food fed. The'change in the

bi omass was cal cul ated as:

Delta B = ((N1-M)/S3) - (N1/S7)

&
&
os)
n

The change in the biomass.

Ny = The nunber of fish inthe pond at the start.
M = The observed nortalities.

Sz = The sample count at the end of the nonth in

nunber of fish per kg.

S31 = The sanple count at the beginning of the

month in nunber of fish per kg.

The conversion rate for that nonth was then cal cul at ed 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
nmeasurenments of fish per pound and the total pounds of fish in a
raceway. Total pounds of fish in a raceway were determ ned from
wat er di spl acenent when fish were |oaded into |iberation trucks.
The nunbers estimated at rel ease were then conpared w th
popul ati on nunbers estimated from monthly inventories.

-Blood hematocrif levels were determ ned by standard net hods
in late February just before |iberation.

In addition to the fish raised at WIllanette Hatchery;

308, 727 spring chinook sal mon were reared at the Dexter hp!ding
ponds to ensure those 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 estinmated by the

net hods descri bed above.

Wat er Chem st -

Water sanples were collected weekly between 12:15 and 13: (0.

At that tinme, initial feeding of the fish was conpl eted and one



exchange of water had taken place w thout the presence of human
activities. The water sanples were taken in the same order
inflowinto Goup E, outflow fromGoup E, outflow from G oup F,
outflow fromGoup G outflow from Goup D, outflow from G oup C,
outflow from Goup A outflow from Goup B, inflow 'from an indoor
rearing trough set up to record water tenperatures. Three
replicate sanples were taken fromthe inflow to determne
al kalinity.

D ssol ved gases were neasured using a Common Sensi ng nodel
TBOF Total Dissolved Gas and Oxygen Monitor. Di ssol ved oxygen

in parts per mllion was cal culated by the follow ng 'formlas:

Di ssol ved- Oxygen (ppn). = po, * beta * 31.9988 * 1000/ (760%
22.414)

where beta = exp(-58.3877 + (85.8079' * (100/(273.15 + °C)))
+ (23.8439 * (1n(°c+273.15))))

The pH was neasured at the sanple site using an Orion pH
neter nodel sSA230 and an Oion conbination pH el ectrode.

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

Sanples of 600 mM water were filtered through Whatman 934-AH
filters, dried at 103-1059 and wei ghed using a cahn
El ect robal ance DTL bal ance to determ ne suspended solids

(Clesceri et al. 1989).




Amoni a anal ysis was done using the phenate nmethod (C esceri
et al. 1989). The sanples and standards were read at 630 nm
using a MIton Roy Spectronic 21 spectrophotoneter.

A Royce System VI instrunent nonitoring systemwas installed
to record the diel changes in dissol ved oxygen, tenperature and
pH. Dissolved oxygen probes were placed at the.inflow and
outflow of ponds designated A2, B2, C, D2, El, F1, Gl.
Tenperature information was collected with dissol ved oxygen
probes. A pH probe was installed at the inflow of pond C2 to
determ ne the pH of incomng water for pond A2, B2, C2, and D2.
One probe each was placed at the outflow of ponds A2, B2, ¢2, and
D2. In the Mchigan ponds (E, F, GO a pH probe was placed at the
inflowof El, inflowof F1, inflowof @; and outfl ow of 1. No
di fferences were observed between the outflow of one pond and the
inflow'of the next pond in the series, Data was collected in 6
mnute, 30 mnute and' 90 mnute intervals and was stored as 48

hour sanples, 10 day sanples, and 30 days sanples, respectively.

10



RESULTS AND DI SCUSSI ON

Water Chem stry

D ssol ved Oxygen

For conparison of the first three years of the project with
this year, dissolved oxygen neasurenents were nade weekly as
described in Materials and Methods for the various experinental
groups (Appendix A). Oxygen concentrations were derived from
tenperature and gas pressure measurements (Appendix B). \ekiy
averages of dissolved oxygen concentration taken from various
experinental ponds by the nonitoring system are shown in Table 3.
The 30 m nute values for dissolved oxygen, pH and tenperature are
avai |l abl e by request and can be |ocated in the foll owi ng conputer
appendi ces:

August 1993 WIAUGS3.WK1
Septenber 1993 WISEP93.WK1l
Cct ober -1993 WIOCT93.WK1
November 1993 WINOV93.WK1
December 1993 WIDEC93.WK1
January 1994 WIJAN94.WK1

February 1994 WIFEB94.WK1

Data from calibrations and mal functioni ng probes have been

elimnated from the spreadsheet files. Values for the inconing

11



Table 3.

Weekly average dissolved oxygen concentrations (ppm) from the inflou () and outflow (0) of experimental ponds, as measured by the data
monitoring system at Willemette Watchery, 1993-94.

F1 61
Date 1 0 I 0 0 0 0 0 1 0
08/01/93 8.52 7.67 9.03 - - 11.10 9.04 13.50 10.18 12.75 10.90 - 9.33 11.09 13.36
08/08/93 8.13 6.44 8.94 - - 12.15 10.66 15.10 11.92 13.18 11.24 - - 10.25 14.44 9.95
08/15/93 8.54 6.16 9.51 .- 12.63 10.12 15.29 12.63 12.60 11.15 - 10.75 14.28 10.39
08/22/93 8.99 .- 9.23 - - 12.69 11.16 15.30 12.16 12.41 10.95 - 10.90 14.05 10.35
08/29/93 8.68 - - 9.09 - 12.60 9.15 14.93 10.95 12.52 10.88 - 10.84, 13.96 10.11
L]
09/05/93 8.50 - - 9.1 .. 12.83 9.62 15.49 10.91 12.10 10.51 - 10.99 14.91 10.37
09/12/93 9.89 - - 10.08 .- 13.77 10.75 18,43 13.43 12.52 11.24 - 10.79 17.70 13.16
09719793 10.06 10.65 10.08 10.27 14.09 10.55 18.33 13.13 12.76 11.45 17.83 10.67 17.99 13.88
09/26/93 10.11 7.93 9.71 8.87 14.32 9.03 17.27 12.67 13.11 9.97 14.71 10.58 16.42 12 .53
10/03/93 9.w 8.17 9.48 8.63 14.21 8.88 17.68 11.48 12.66 11.39 13.50 10.36 16.33 11.91
10/10/93 9.96 8.58 10.17 8.94 14.25 9.93 17.65 10.36 12.96 11.76 14.20 10.50 15.85 11.27
10717793 10.29 8.94 10.63 9.53 14.99 10.79 18.28 12.51 13.03 12.44 14.77 11.99 16.76 13.08
10/24/93 9.98 9.00 10.67 9.61 14.81 10.40 17.99 11.64 13.23 12.17 14.67 12.02 16.09 12.14
10/31/93 10.88 10.43 10.93 10.27 14.95 1n.73 17.77 12.08 14.15 13.45 15.81 11.87 16.84 A3.22
11/07/93 11.84 11.09 12.83 11.12 15.43 12.74 18.44 10.92 15.77 14.23 16.52 14.39 17.76 13.91
f
11/714/93 12.64 11.71 12.97 11.15 15.20 12.64 16.33 12.31 15.19 14.23 16.31 13.92 17.40 13.68
11721/93 12.95 12.41 13.47 12.25 15.40 13.12 16.08 12.19 15.41 14.69 16.65 14.25 16.79 14.78
11/728/93 11.94 11.36 12.86 11.29 14.60 12.08 14.58 11.79 14.42 13.60 15.80 12.93 18.09 13.24
12/05/93 11.83 - - 11.65 11.17 14.15 10.94 14.35 10.97 13.94 14.16 14.95 12.56 16.36 12.83
12/12/93 12.28 - - 12.01 11.78 14.69 11.18 14.82 11.43 14.21 13.42 15.46 13.17 16.80 13.27
12/19/93 12.96 - - 12.89 11.94 15.50 11.94 15.65 13.10 14.76 14.20 16.18 14.47 17.54 14.71
12/26/93 11.98 - - 12.16 11.42 14.74 11.52 16.06 12.72 14.24 13.73 15.59 13.50 16.59 13.27
01/02/94 12.04 .- 12.46 11.83 14.46 1.9 15.89 10.96 14.11 13.15 15.36 13.20 16.93 13.25
0170979 12.45 - 12.79 12.03 14.65 12.02 15.14 10.49 14.27 13.78 15.98 13.42 16.46 12.70
01/16/94 11.98 - 12.14 11.50 14.29 11.36 14.70 11.46 13.91 13.29 15.34 12.65 16.23 12.25



Table 3. Continued.
A2 82 c2 D2 El E] G1
Date T o -_—0 -
! ' 0 1 0 1 0 1 0 0

01/30/94 13.11 12.83 13.31 15.85 14.35 17.39
02/06/9% 13.10 12.08 12.70 15.51 11.93 16.20 13.50 14.08 13.52 15.65 14.22 17.07 12.64
02/13/94 12-73 11-70 %ggg 12.38 15.50 12.64 15.90 14.32 14.74 14.50 15.44 13.74 16.67 15.32
02/20/94 75 1113 - 12.00 R 12.19 15.43 13.81 14.31 14.37 15.02 12.83 15.86 13.02

) 12.13 11.68 13.58 10.91 13.68 12.19 13.23 13.33 13.44 11.10 13.37 7 78




oxygen levels for ponds F1 and G1 nmay be artificially el evated
due to the suspended solids adhering to oxygen enriched bubbl es
in the contact colum formng foamthat can adhere to the probe.
This condition was increased when the precedi ng pond was being
fed. Correlations were observed between the decrease in

di ssol ved oxygen at the outflow and density, |oad, and total

nunber of fish per raceway (Table 4).

Table 4. Correlation coefficients $R) between the difference in
oxygen between inflow and outflow for all groups and density,

| oad, and total nunber of fish in the raceway. Wekly averages
frPn1the continuous nmonitoring systemwere used for the oxygen
val ues.

Nunper of f1sh

Mont h Density Load per raceway-
Aug 0. 525 0.726° 0. 787
Sep 0. 754 0.436 0.630
oct 0. 438 0. 743 0.739
Nov 0.516 0. 684 0.740
Dec 0. 346 0.525 0. 427
Jan 0.573 0.577 0. 521
Feb 0.1381 0.416 0.176

FIl ow of oxygen into the water supply of the various raceways
was -adj usted weekly to mmintain 100% saturation of-oxygen at the
outflow in all groups except groups A (controls) and-group B
Adj usting the oxygen flows to provide saturated |evels of oxygen
at tﬁe outfl ow, maxi num oxygen denmand during the day was
determ ned and the oxygen flow was adjusted to that |evel of

demand.
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The environment from which the oxygen sanples were taken is
constantly changing so that the values given in Appendix A
represent only a single value froma w de range of
concentrations. -These data are used for conparison of data from
the -present year with that of past years. Exanples of the daily
variations in the dissolved oxygen |levels can be'seen in the data
fromgroups A2 and D2 in August (Fig. 1), Novenber (Fig. 2), and
February (Fig. 3). In the Mchigan style ponds the variations
in the dissolved oxygen | evel are magnified due to the
consunption of oxygen in the precedi ng ponds of the series during
the day and the surplus of oxygen at night when netabolismis
reduced. The magnitude of the variations decreased as the water
tenperature decreased later in the season (Figs.4,5,and 6).

As the variations decreased, correlations between the uptake of
oxygen and |oad, density, and nunmber al so decreased (Table 4).

Because of the manual adjustnent of oxygen supplied to the .
raceways, oxygen is usually present in surplus when netabolic
activity is low and in insufficient amunts when netabolic
activity is high. Correction for diel changes in oxygen
consunption to maintain a constant dissolved oxygen content at
the outflow woul d require a continuous nonitoring systemwith a
f eedback mechani smthat regul ates the flow of oxygen to the
i ndi vi dual raceways.

QO her netabolic paraneters, such as carbon di oxi de, pH, *and
ammni a | evel s, al so undergo diel changes, as well as changes
with tenperature, feeding, and activity. Al though data on these

paranmeters are provided in this report, it should be kept in mind

15
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Fig. 1. Changes in dissolved oxygen at the outflow of ponds Aj
and D, during a six day period from7 August 1993 to 13 August
1993.
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Fig; 2. Changes in dissolved oxygen at the outflow of ponds A2
and D2 during a six day period from 22 Novenber 1993 to 28
Novenber 1993.

18



14.5

140

P
e
(9

12

Dissolved ~Oxygen (ppm)

105

Vi ss’

|* "*-

‘ ‘l) '5 ‘

]

11/22/93

11/23/93  11/24/93
_a Pond A2

11/25/93  11/26/93  11/27/93. 11/28/93

—o— Pond D2

— Temperature

5)

4.0

v
o
Temperature C

()
o

1.0

0.0



Fig. 3. Changes in dissolved .oxygen at the outflow of ponds A2
and D during a six day period from1 February 1994 to 7 February
1994,
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Fig. 4. Changes in dissolved oxygen-at the outflows of ponds El,
Fi,-and G of the Mchigan raceways during a six day period from
7 August 1993 to 13 August 1993.
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Fig. 5. Changes in dissolved oxygen at the outflows of ponds El,
F1, and Gy of the Mchigan raceways during a six day period fromn
22 Novenber 1993 to 28 November 1993.
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Fig. 6. Changes in dissolved oxygen at the outflows of ponds E,
Fi, and G of the Mchigan raceways during a six day period from

1 February 1994 to 7 February 1994

26



18.0

17.0

S

o

O
|

Ve »
= .
5 .
) \
S0 14.0 |- p v ,
O L
> .
p— A A (0
Q A M
2 12 O n P A ARA
. 78\ R\ AR TA A il
vl b o A ‘ : ALD AR N A 7, WS /‘\. A0k M. A Qa8 Ay 9 "
» p—y £y /R R\ ) A ""‘ -y Y Sradav R - A b\ 1 “.
: 7. ! A~ TTRNERO Y 2%\ a AL, A h A A
2 - A LN A ) AR a b B - W 2l R D& L
i i A oy ETRPR a A 1 - o s 2 O A A
' R agy e ’ ' A A A £\ - A A ATA
- 2y, - X DAL FAA
- ) A Y
11.0 ‘ O n“':‘.'a 0\
. . - | [
)
' A O “
£

10.0

90 ' . il — - . »
02/011%4 02/02/94 02/03/94 02/04/94 02/05/94 02/06/94 02/07/94

e PondEl ,_ PondF1 _, PondGl



that these data represent single nmeasurenents from conti nuously
changi ng environnents.

Diel patterns are evident in the data collected with the
pond nonitoring system A curve fitting program by NCSS (Hintze
1991) was used to find equations that would serve as the basis
for a predictive nodel. The equation that-fit the data had the

form

DO= A + BX + cx2 + px3 + Ex? + Fx®

wher e:

DO= Dissol ved oxygen at outflow

X =As a fraction of the day (.25 =.06:00, ..5 = 12:00, .75 =
18: Q0).

The R2 of the equation ranged fromO0.48 to 0.97 if 24-hour
periods were described. As additional days of data wer e added to
the anal ysis the factors changed rapidly and the R® val ue,
decreased. An exanple is shown in Table 5 for the dissol ved
oxygen concentrations at the outlet of group' D2 starting 2 August,
1993. Other data sets maintained an R? greater than 0.7 for the
first-2 days but dropped to below 0.2 as 5 days of data were
regressed. Sanpling limted to a few days at the hatchery woul d
conclude that predictive nodels could be derived for oxygen

utilization but nore extensive sanpling indicates that these

28



nodel s would probably result in serious errors in estimtes of
oxygen consunption when |onger periods of time are used.

An exanple of the types of errors which could be made is
illustrated by the exponents presented in Table 6. These val ues

were derived for-24-hour periods from August 2 through August 8.

Tabl e 5. The nunber of days of data for the oxygen outflow at
pond D2 starting at Augﬁgi 2, 1393, and the factors for_the
equation DC = A + BX + + DX3 + EX? + FX>with the R2 for that
equation where X is the fraction of the day.

Days A B C D E F R?

b 8% B4 Y lpsp T2 3 o
3 10.93 -11.92 122.11 -329.94 335.46 -115.89 0.241
g' 10.56 -4.42 75.21 -226.18 238.32 -83.20 0.256
6

10. 06 1.19 37.19 -141.82 164.57 -61.19 0.186
10. 24 0.93 35.62 -130.72 150.10 -55.67 0.087

Tagle 6. _ Exponents for the equation DO = A + BX + cx2 + Dx3 +
Ex* + Fx® derived from oxygen measurement at the outflow of pond
D2. Data is derived for the single days indicated..

Date A B C D- E F Rr2

Aug 2 9.42 -42.47 359.74 -885.36 872.68 -301.86  0.831
Aug 3 12.40 -2.78 54.80 -192.91 219.97 -80.84  0.970
Aug 4 11.01 -6.98 -27.94 34.81 -29.02 13.43 0.966
Aug 5 9.51 16.14 -50.54 46.12 -11.32 -1.00 0.951
Aug 6 892 15.78 -55.98 43.22 24.15 -27.61 0.670
Aug 7 9.28 5.74 2.98 -53.00 77.25 31.95 0.530
Aug 8 10.46 - -3.39 64.88 -210.49 241.41 -92.20 0.652
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|f data were only collected on August 3'and 4, one woul d concl ude
that the basal |evel of oxygen consunption was higher than if the
information was collected on August 5 and 6.

From our first approximations, it seens unlikely that highly
predi ctive nodel s of oxygen consunption under hatchery conditions
can be' derived due to the day to day variables that can not be
controlled. Conditions |like feeding (nunmber of times per day,
time of day, and quantity delivered at each feeding), water
tenperature, bionmass and water quality woul d have to be accounted

for in order for a predictive nodel to be valid.

pH

pH was sanpled at weekly intervals throughout the rearing
period for spring chinook salnmon (Table 7). Data collected was
conbined for each group of duplicate ponds. Analysis of variance
and Fisher least significant difference tests (P< 0.05) indicated
differences between groups (Fig. 7). pH of the effluent
decreased as the density of fish per pond-increased. This is the
same pattern seen in past years, but the nagnitude of the
variation was influenced by water quality. The weekly average
obtained fromthe continuous nonitoring system (Table 8) showed
the sane relationship of decreasing pH W th increasing nunbers of
fish. Diel variations in pH wWth tine are shown for eight day
periods from 7 August 1993 to 15 August 1993 for ponds Az and Dy
(Fig. 8 and the Mchigan pond series (Fig. 9).

The rel ationship between the decrease in pH and the decrease

in dissolved oxygen at the effluent seened to vary sonewhat

30.



Table 7. pH values at the inflow and outflow of various experimental pbndl collected as single samples at Willamette Hatchery} 1993-94,

. f . ' .

Date Inftow Inflow At A2 B1 B2 -1 c2 D1 D2 Inflow Inftow E1 E2 F1 F2 61 G2
08/03/93  7.74 © o 7.67 7.69 7.65 7.63 7.81 7.79 7.69 T.64
08/05/93 7.50 7.38 7.41 . 7.33 7.29 7.43 . 7.18 7.3% 7.32
08/10/93 7.61 7.47 7.53 7.44. ‘ 7.31 7.65 . 7.53 7.43 7.26
08712/93 7.9i 7.74 7.82 . 7.67 7.49 7.92 7.87 7.75 7.62
08/17/93 7.89 7.7 7.80 . 7.70 '7.56 7.9 7.86 . T.68. 7.50
08/19/93 7.92 ' 7.72 7.82 7.66 7.49 7.98 7.85 7.67 7.51
08/24/93  7.70 7.48 7.57 . T.44 7.30 7.92 7.65 7.45 7.26
08/26/93 7.87 7.68 7.82 7.64 7.54 - 7.90 7.83 7.72 7.58
08/31/93 7.70 7.54 7.65 7.48 7.35 7.66 . 7.58 7.41 Cr.2r
09702/93 7.78 : 7.57 . 7.66 7.48 . o T.37 7.66 7.63 7.52 7.40
00707793 7.88 7.68 7.7 7.60 7.46 7.92 7.82 7.59 : 7.37
09/09/93 7.63 7.40 7.49 7.32 7.20 7.67 7.57 7.38 7.22
09/14/93 7.54 7.36 7.41 7.32 7.2¢ 7.8% - 7.5¢ 7.27 7.21
09/16/93 7.70 7.53 7.57 7.40 B 7.79 7.64 L T.aT 7.34
09721/93 7.59 7.43 7.49 7.40 7.33 - 7.58 7.53 7.45 7.33
09/23/93 7.3 7.63 7.75 : 7.57 7.54 7.88 7.76 R %4 § 7.62
09/28/93 7.85 7.67 7.73 _ 7.64 7.54 7.95 7.88 7.n 7.55
09/30/93 7.88 T 1.43 7.50 7.38 7.3 7.90 7.83 7.69 7.41
10/05/93 7.70 - 7.57 7.63 . T T.48 7.3 7.7 - 7.67 7.51 7.35
10/07/93 7.73 7.43 7.53 7.37 7.22 7.79 7.68 7.51 © 7.38
10/12/93 7.66 _ 7.36 7.43 7.30 7.16 7.70 7.51 7.3 7.16
10/14/93 7.68 v 7.36 ' 7.45 7.30 7.5 7.76 7.58 _ 7.44 7.28
10/19/93 7.8 7.39 7.75 7.40 7.30 . 7.68 7.58 - T.44 7.28
10/21/93 7.89 7.61 7.81 7.64 ' 7.30 7.93 7.77 7.58 741
10/26/93 7.88 7.61 7.75 7.64 7.43 7.90 : 7.72 " 7.52 T7.36
10/28/93 7.92 7.68 .79 7.60 1.3 7.94 7.82 7.62 7.45
19702793 7.84 : 7.52 T 7.54 7.4 7.80 7.7% 7.58 7.40 :
11704793 ‘ 7.89 . 7.68 7.81 . 7.62 7.47 7.99 7.87 7.67 7.51
1i/09/93 7.95 CT.6 7.73 7.60 7.52 8.01 7.85 7.69 . T.56
11711793 7.95 7.68 1.7 7.65 7.58 8.00 7.89 . 1.70 159
11716793 8.03 7.7 7.76 : 7.72 - T.60 | 8.03 7.92 7.2 7.59
11/18/93 . 1.9 7.69 7.76 7.70 7.62 8.00 " 793 7.75 7.60.
11/22/93 7.90 T 7.66 7.72 7.64 ‘ 7.59 7.95 - 7.90 7.79 7.66
11/24/93 7.86 T.69 T 7.66 7.62 7.9 7.79 : 7.7% 7.64
11730793 7.82 7.63 7.68 ‘ 7.63 7.61 © 800 7.78 7.72 7.61
12/02/93 7.82 159 7.63 7.56 7.56 - 7.88 7.83 7.7 7.61
12/08/53 7.58 7.40 7.46 7.3 ‘ 7.18 7.88 7.81 7.2 7.00
12/10/93 - - ' - - - .. - - .. -- -
12714793 7.83 7.65 - 7.75 7.63 7.44 7.86 7.89 7.42 7.30

12/16/93 7.8 7.8 e T.67 7.50 - 7.85 1o 7.59 7.47




Table 7. pH values et the inflow end outflow of various experimental ponds collected as single samples at Willamette Hatchery, 1993-94.

Date Inflow Inflow Al A2 Bl B2 cl c2 D1 D2 Inflow Inflow El E2 fl 2 (7] G2
01/06/94 .. .. .. .. —_— .. .. ..
01/11/94 7.70 7.54 7.58 7.50 7.41 1.7 7.67 7.54 7.40

. 01/13/94 7.67 7.48 7.53 7.45 7.37 7.78 7.68 7.54 7.39
01718794 7.71 7.50 7.43 7.53 7.45 7.75 7.69 7.58 7.44

- 01720794 7.n 7.61 7.65 7.56 7.49 7.77 7.73 7.64 7.54
01/25/94 7.80 7.66 7.78 7.64 7.54 7.86 ) 7.76 7.65 7.53
01727794 7.83 7.68 7.74 7.67 7.58 7.88 7.83 7.71 7.61
'02/01/9% 7.80 7.72 7.72 7.69 7.62 7.89 7.80 7.71 7.57
02703794 7.82 7.55 7.72 7.69 7.59 7.84 7.81 7.72 7.63
02/08/94 7.83 7.74 7.74 7.67 7.64 7.82 7.0 7.75 7.66
02710794 7.88 7.79 7.81 7.77 7.72 7.91 7.90 7.82 7.73
02/15/9% 7.88 7.76 7.78 7.76 7.69 7.98 7.92 7.80 7.67

02/17/94 7.88 7.76 7.78 7.76 "7.69 7.98 7.92 7.80 7.67




Fig. 7. Average pH values for effluents of Various experinenta
raceways at W/Illanette Hatchery, 1993-1994.. pH val ues were

averaged over the rearing period. Values for replicates were

conbined. Bars with the sane small superscript letter are not

significantly different (P < 0.05),
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A2 B2 c2 D2 Inflow El Fl Gl Temp. C

Weekly average pH values and temperature from inflow and outflow of
Inflow

experimental ponds as measured by the datamonitoring system at Willamette

Hatchery, 1993-1994

Table 8.
Date
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Fig. 8 Changes in pH of effluent from experinental groups Az

and D2 over an eight day period from 7 August 1993 to 15 August
1993.
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Fig. 9. Chapges in pH of effluent fromthe M chigan ponds
series, groups El, Fi,and @, over an eight day period. from7

August 1993 to 15 August 1993.
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fromthat originally described. In the high density ponds, pH
tended to decrease before dissolved oxygen |evels decreased.

Oten the pH of the effluent was rising as the dissolved oxygen

|l evel was decreasing. Feed is presented daily.to the fish over a
short interval and the fish actively seek the food. This may
cause a surge in metabolismand carbon dioxide production and an

oxygen deficit within the body. This remains to be determ ned

Alkalinity

Changes in alkalinity are inportant to the present
experiment 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 (Ew ng and sheahan 1992, Ewi ng and Sheahan 1991) and the
testing was reduced to three replicate sanples of the incom ng
water (Table 9). Variations throughout the year were associ ated
with rainfall (Table 10). As the rainfall increased, alkalinity
of the water decreased (correlation coefficient R= ~.481 for a 5
day moving average). The relationship between alkalinity in ppm

and the daily rainfall is shown in Fig. 10.
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Table 9. Water alkalinity (as mg CaCO3/L) for the inflowing water at Willamette
Hatchery, 1993-94.

Date 1 2 3 Average  Date 1 2 _ 3 Average
08/03/93 31.5 31.5 31.5 31.5 08/05/93 32.0 31.5 31.5 31.7
08/10/93 31.5 31.5 32.0 31.7 08/12/93 32.0 32.0 32.0 32.0
08/17/93 32.6 32.6 32.6 32.6 08/19/93 32.6 32.6 32.6 32.6
08/24/93 32.6 32.6 32.6 32.6 08/26/93 32.6 32.6 32.6 32.6
08/31/93 33.1 33.1 33.1 33.1 09/02/93 32.6 32.6 33.1 32.7
09/07/93 33.1 33.1 33.1 33.1 09/09/93 33.6 33.6 33.6 33.6
09/14/93 32.6 33.1 33.1 32.9 09/16/93 33.6 33.1 33.1 33.3
09/21/93 33.6 33.6 33.6 33.6 09/23/93 33.6 33.6 33.6 33.6
09/28/93 34.1 34.1 34.1 34.1 09/30/93 34.1 34.1 34.1 34.1
10/05/93 3.1 34.1 34.1 34.1 10/07/93 34.1 34.1 34.1 34.1
10/12/93 33.1 33.1 33.1 33.1 10/15/93 33.6 33.6 31.1 32.8
10/19/93 33.1 33.6 33.6 33.4 10/22/93 33.6 34.1 33.6 33.8
10/26/93 34.1 34.1 34.1 34.1 10/28/93 34.1 34.1 34.1 34.1
11/02/93 34.1 34.1 34.1 34.1 11/04/93 34.1 34.1 34.1 34.1
11/09/93 34.1 34.1 34.1 34.1 11/11/93 34.6 34.0 34.6 34.4
11/16/93 33.5 33.5 33.5 33.5 1 1/18/93- 33.5 33.5 33.5 33.5
11/22/93 31.9 32.4 32.4 32.2 1 1/24/93 33.5 33.5 33.5 33.5
11/30/93 31.9 31.9 31.9 31.9 12/02/93 25.4 25.9 25.9 25.7
12/08/93 27.5 27.0 27.0 27.2 12/09/93 26.5 26.5 26.5 26.5
12/14/93 27.5 27.5 27.5 27.5 12/16/93 28.6 28.6 28.6 28.6
12/21/93 - - - - - - -« 12/23/93 - -  --  -- - -

12/28/93 - - - - - -  --  12/30/93 - - - - - - - -

01/04/94 - - - - - - --  01706/94 - - - - - - - -

01/11/94 22.7 23.2 23.2 23.0 01/13/94 23.8 23.8 23.8 23.8
01/18/94 25.4 25.4 25.4 25.4 01/20/94 25.9 25. 25.9 25.9

01/25/94 259 25.9 259 259 01/27/94 26.5 26.5 26.5 26.5
02/01/94 28.1 28.1 281 281 02/03/94 28.6 28.1 28.1 28.3
02/08/94 29.2 29.2 292 292 02/10/94 28.6 28.6 28.6 28.6
02/15/94 29.7 29.7 30.2 299 02/17/94 29.7 29.7 297 29.7
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Fig. 10. Relationship between rainfall and alkalinity of inflow

to experinental groups at WIlanmette Hatchery, 1993-1994.
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Ammoni a

Weekl y ammoni a production for experinental groups is
presented in Table 11. Data fromreplicate raceways in each
experimental group were conbined for statistical analysis.

Anal ysis of variance and Fisher |east significant difference
tests of the-conbined data indicated differences (pP< 0.05)
between groups (Fig. 11). As the nunber of fish in a raceway
i ncreased, the amount of ammonia in the effluent increased.

Cyclic changes in ammoni umion production were exam ned at
three times during the rearing year: Septenber 15, Decenber 15,
and February 27. These changes were examined in relation to the
changes in oxygen consunption; carbon dioxide production, and
wat er tenperature provi ded by the Royce continuous nonitoring
system

During the Septenber 15 sanpling, diel cycles in-ammonium
ion production were. found for all ponds. Exanples of these
cycles are shown for ponds A and D (Fig. 12)and for the M chigan
ponds (Fig. 13). Levels of amoniumions in the water
corresponded closely to water tenperature.

During the Decenber sanpling, diel cycles in amoniumion
‘production were nuch less evident and did not correlate with
other environmental or netabolic paraneters. Exanples of the
cycles are shown for groups A and D (Fig. 14) and for the
M chigan ponds (Fig. 15). During the February sanpling, no diel

cycles were found, no correla-tions with environnental or
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fable 11. Unionized ammonia concentrations (mg/L) at the inflow and outflow of experimental ponds at Willamette Hatchery, 1993-94.

Date Inflow, Inflow Al A2 81 82 cl c2 D1 02 Inflow Inflow E1 E2 F1 7] G1 G2
08/03/93 0.05 0.11 0.08 0.07 0.19 .04 0.09 0.29 0.32
08/05/93 0.00 0.12 0.04 0.06 0.29 0.00 0.05 0.13 0.26
08/10/93 0.02 0.12 0.08 0.10 0.15 .05 0.12 0.25 0.37
08/12/93 0.02 0.13 0.07 0.14 0.27 0.05 0.12 0.25 0.42
08/17/93 0.02 0.21 0.10 0.12 0.21 .03 0.14 0.27 0.49
08719/93 0.03 0.15 0.06 0.13 0.36 0.00 0.14 0.33 0.52
08/24/93  0.03 0.14 0.09 0.09 0.19 .03 . 0.14 0.28 0.41
08726793 0.02 0.14 0.07 0.09 0.20 0.05 0.12 0.22 0.35
08/31/93 0.05 0.30 0.15 0.12 0.17 .07 0.17 0.38 0.57
09/02/93 0.02 0.17 0.07 0.12 0.37 0.00 0.23 0.23 0.42
09707793 0.01 0.11 0.11 0.07 0.30 .02 0.15 0.34 0.48
09709793 0.05 0.20 0.15 0.11 0.49 0.02 0.18 0.43 0.60
09/14/93 0.03 0.19 0.13 0.11 0.28 .03 0.16 0.33 0.44
09/716/93 0.02 0.16 0.09 0.14 0.22 0.01 0.14 0.21 0.31
W/21/93 0.01 0.00 0.04 0.07 0.13 .01 0.11 0.11 0.28
09/23/93 0.01 0.10 0.06 0.10 0.19 0.04 0.10 0.19 0.23
09/28/93 0.00 0.16 0.11 0.14 0.25 .02 0.17 0.37 0.51
09730793 0.03 0.11 0.11 0.12 0.48 0.05 0.16 0.32 0.36
10705793 0.01 0.17 0.08 0.10 0.24 .01 0.15 0.23 0.43
10707/93 0.04 0.16 0.12° 0.13 0.53 0.04 0.16 0.26 0.40
10/12/93 0.00 0.23 0.10 0.10 0.23 .02 0.11 0.37 0.55
10/14/93 0.81 0.17 0.11 0.09 0.43 0.01 0.18 0.28 0.41
10719793 0.01 0.11 0.04 0.07 0.15 .01 0.06 0.16 0.24
10/21/93 0.02 0.15 0.05 0.13 0.31 0.03 0.13 0.19 0.32
10/26/93 0.02 0.15 0.08 , 0.09 0.14 .03 0.10 0.27 0.33
10/28/93 0.02 0.17 0.08 0.14 0.30 0.02 _ 0.13 0.19 0.28
11702/93 0.02 0.10 0.04 0.03 0.10 ' 0.01 0.08 0.12 0.22
11/04/93 0.02 0.07 006 4 0.09 0.20 0.04 0.07 0.12 0.25
11/09/93 0.04 0.08 ] 0.10 0.13 .04 0.06 0.11 0.13
11711793 0.04 0.08 0.06 0.06 0.11 0.01 0.09 0.11 0.15
11716/93 0.00 0.09 0.06 0.06 0.14 0.04 0.08 0.17 0.19
11/18/93 _ 0.04 0.09 0.08 . 0.10 0.09 0.04 0.10 0.17 0.18
11722/93 0.03 0.05 0.03 0.02 0.06 . 0.01 ~ oo 0.10 0.12
11/24/93 0.01 0.04 0.03 0.04 0.17 0.00 0.05 0.03 0.12 0.13
11730793 0.02 0.07 0.02 0.03 0.09 .00 ' 0.09 0.14
12/02/93 0.02 0.07 0.05 0.10 0.10 0.02 0.07 0.12 0.17
12/08/93 0.01 0.08 0.04 ) 0.08 0.17 .04 0.13 0.18 0.17
12710793 0.06 0.07 0.06 0.06 0.10 0.01 0.07 0.14 0.16
12/14/93 0.00 0.06 0.04 0.04 0.10 .02 0.06 0.12 0.18
12/16/93 0.03 0.88 . 0.09 0.04 0.11 0.05 0.03 0.13 0.18




Table 11.

Unionized emmonia concentrations {mg/L) at the inflow and outflow of experimental ponds at Willamette Hatchery, 1993-94.

Date

fnf Low

Inflow Al

A2

82

Cl

c2

DI

p2

Inflow

Inflow

El

£2

F1

F2

12721793
12/23/93
12/28/93
12/30/93
01/04/94

01/06/94
01/11/94
01/13/94
01718794
01720794

01525/94
01 27/94
02/01/94
02/03/94
02/08/94

02710794
02/15/94
02/17/94

0.03
0.03

0.02
0.02
0.00

0.02

4.03
0.00

0.00

0.12

0.19
0.06

0.06
0.01

0.06

0.10

0.08

0.04

0.05
0.03
0.02

0.09

0.17

0.08

0.04
0.05

0.00
0.06

0.06
0.02

0.02
0.02
0.02

0.06

0.15
0.08

0.06-
0.03

0.01
0.07

0.15
0.03

0.07
0.02
0.03

0.08

0.19

0.14

0.11
0.08

0.04
0.13

0.04

0.02

0.00

0.02
0.00

0.02

0.04
0.05

0.04
0.03

0.01
0.01

0.07
0.04

0.04
0.03
0.04

0.07

0.06
0.10

o

.03

o

.09

0.13

0.06

0.12
0.05
0.10

0.21
0.16

0.10

0.17

0.06

0.31
0.10

0.21
0.06

0.14

0.25

0.32

.21

0.11
0.11

0.06
0.23




Fig. 11. Average ammonia concentrations ¢ug/L) for effluents of
various experimental raceways at W/l |l anmette Hatchery, 1993-1994.
Ammoni a val ues were averaged over the rearing period. Values for
replicate groups were conbined. Bars with the same small

superscript letter are not significantly different (P < 0.05):
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Fig. 12. Changes in ammonium ion concentration in the effluent from
groups A (-8-) and D (-0-) during hourly sampling from 15 September
1993 to 16 September 1993.
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Fig. 13. Changes in ammonium ion concentration in the effluent from
groups E (-m-), F (-0O-), and G (-A-) during hourly sampling from 15
September 1993 to 16 September 1993.
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fig. 14. Changes in ammonium ion concentration in the effluent from
groups A (-8-) and D (-0O-) during hourly sampling from 16 December

1993 to 17 December 1993.
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Fig. 15. Changes in ammonium ion concentration in the effluent from
groups E (-1-), F (-O-), and G (-#) during hourly sampling from 16

December 1993 to 17 December 1993.
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nmetabolic paraneters were evident, and ammoni umion production
was reduced fromthe other two sanpling periods. This nay have
been due to sanpling the raceways during the two day period of
fasting before transport and rel ease.

Further anal yses are being perforned to determne the
effects of density and oxygen suppl enentation on total nitrogen

excretion. The results fromthese analyses will be described in

future reports.

Sol i ds

Weekly data for suspended solids is presented in Table 12.
Data was averaged and data fromreplicate raceways were conbi ned
for analysis. Analysis of variance indicated a significant
difference (P < 0.05) between groups (Figure 16). The anount of
suspended solids entering the hatchery in the water ranged from
0.0to 4.7 mg/l. An increase in suspended solids occurred with
increased rainfall. During periods of rainfall, feeding of the

fish is often curtailed because of "nuddy" water
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Table 12. Suspended solids (mg/L)at the inflow and outflow of varfous experimental ponds collected a8 single semples at Willamette Hatchery, 1993-1994.
Date Inflow Inflow Al A2 81 B2 cl c2 D1 D2 Inflow Inf Lou El E2 F1 F2 G1 G2
08/03/93 1.2 0.8 0.2 0.8 0.8 1.0 1.5 1.7 2.3
08/05/93 1.2 0.8 0.8 1.3 1. 1.5 2.2 1.7 2.5
08/10/93 1.7 0.8 1.0 0.7 1.2 1.2 1.0 1.8 2.5
08/12/93 0.8 0.5 0.5 0.5 1. 1.8 1.8 1.3 1.2
08/17/93 0.7 1.7 1.2 0.8 1.0 1.0 2.0 1.5 3.7
08/19/93 1.0 1.0 0.8 0.5 2. 1.5 2.5 4.2 3.7
08/24/93 0.8 0.2 0.7 0.7 0.8 0.8 0.7 0.7 2.2
08/26/93 0.8 0.5 0.3 0.5 0. 1.2 0.7 0.7 0.8
08/31/93 1.2 0.5 1.0 0.3 0.8 1.3 0.7 1.5 2.3
09/02/93 0.5 0.8 1.7 0.8 1. 1.3 1.0 1.3 1.3
09/07/93 0.7 3.7 1.2 0.5 1.2 0.8 1.0 1.2 2.2
09/09/93 0.8 1.5 1.2 0.8 2. 1.3 1.3 5.7 3.5
09714793 0.8 1.2 0.8 0.8 1.3 1.2 1.8 2.7 1.7
09/16/93 0.5 1.0 1.0 0.8 2. 1.2 1.0 2.2 2.3
09721793 1.3 0.5 0.3 0.5 1.0 0.7 0.8 0.7 1.0
09/23/93 0.7 0.5 1.0 1.3 1. 1.0 1.2 1.7 0.8
09/28/93 1.2 1.2 1.2 0.7 1.5 0.7 0.8 0.8 1.7
09/30/93 0.2 0.0 0.8 1.7 1. 1.0 0.7 1.5 1.7
10/05/93 0.7 0.7 0.3 0.7 2.3 0.7 1.2 1.7 2.3
10/07/93 0.7 1.3 1.0 0.8 1. 4.3 1.2 1.2 1.0
10/12/93 0.2 1.5 1.2 1.3 1.0 1.8 0.7 1.5 0.7
10/14/93 0.7 0.8 0.3 0.7 2. 1.3 1.3 0.8 1.5
10/19/93 0.7 0.5 0.7 0.5 0.8 1.2 0.8 0.7 0.8
10/721/93 0.3 3.7 0.7 0.5 2. 0.5 1.3 1.2 0.5
10/26/93 0.3 0.7 0.5 2.2 2.0 0.5 0.5 1.0 0.5
10/28/93 1.2 0.3 0.7 0.7 1. 0.8 0.8 0.7 3.0
11/02/93 0.5 0.8 0.3 0.7 0.7 0.7 0.8 0.8 1.0
11706/93 0.5 0.0 0.8 0.8 1. 0.7 0.8 1.7 1.0
11709793 0.5 0.7 0.5 0.7 0.7 0.7 0.8 0.7 0.8
11/11/93 0.5 0.3 0.3 0.5 0. 0.3 0.5 0.8 1.8
11716793 0.7 0.5 0.0 0.8 4.3 0.8 0.5 0.8 0.5
11/18/93 0.7 0.7 0.7 0.3 0. 0.3 0.7 1.0 1.7
11722793 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.5 0.7
11/24/93 0.2 0.7 0.7 0.5 0. 0.3 0.7 0.7 0.5
11/30/93 1.0 2.0 1.8 1.5 1.7 1.2 1.5 1.7 1.8



Table 12.

Contcluded.

Date

Inflow

Inflow

81

82

¢l

c2

01

D2

Inflow

Inflow

3]

€2

F1

G1

G2

12/02/93
12/08/93
12/10/93
12/14/93
12/16/93

12/21/93
12/23/93
12/28/93
12/30/93
0v04/94

01/06/94
01/11/94
01/13/94
01/18/94
01/20/94

01/25/94
01/27/94
02/01/94
02/03/94
02/08/94

02/10/94
02/15/94
02/17/94

4.7

0.5

1.3

0.5

0.8
0.7

0.3

1.0

3.7

0.8

1.0

0.8

1.2

0.2

1.0

3.8

0.8

0.7

0.0

1.5

4.0

0.5

1.7

1.5

0.5

0.3

0.3

0.8

0.2

1.2

2.7

2.0

0.2

1.0

6.3

1.3

0.8

2.7

0.8

0.8

0.2

0.8

1.0

3.2

2.2

1.0

1.7

1.2

1.5

0.0

0.0

0.8

0.8

0.2

0.5

1.0

2.7
3.0

1.5

1.8

1.5

1.2

1.2

0.5

1.0

2.2

1.2

0.7
1.0

1.0

1.2

2.3

1.7

1.3

0.7

0.2

3.0

6.5

1.8

0.5
4.5

1.7

1.3

2.8

2.2

1.2

3.2

1.5

1.2

0.3

0.3

2.0




Fig. 16. Average suspended solids (mgsL) for various
experimental raceways at WIlamette Hatchery, 1993-1994.
Suspended solids were averaged over the rearing period. Val ues
fromreplicate groups were conbined. Bars with the sane small

superscript letter are not significantly different (P < 0.05).
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Fish Culture

Li beration Data

Li beration data for various experinmental groups are shown in
Tables 13 and 14. Total nunbers of fish released were different
by the two accounting nethods of pond inventories and water
di spl acement in |iberation trucks. In general, nunbers estimted
fromliberation truck displacenents were | ower than those
estimated from pond inventories and nortality counts. Simlar
di fferences between the two inventory nethods were observed in
past years (Ew ng and sSheahan 1991, 1992). In the previous
annual reports, we described unaccounted losses in all ponds that
varied from-1.6%to 27.1%of the initial populations in the
ponds. W suggested that errors in population estimtes from
fish displacement in the |iberation trucks could account for
t hese unexplained losses (Eming et al. 1994). An alternative
source of error in the population estimates could result froma
high level of avian predation.

Predation during the 1991-1992 rearing cycle was thought to
be insignificant as a source of error in population estimtes but
during the 1993-1994 rearing cycle as many as 40 great blue
herons were observed around the raceways contai ning experinental
fish. Predation undoubtedly contributes to the unexplained fish
| oss. However, |osses in pond groups Al (1.04%), By (4.02%), C

(6.94%), and D (0.13% are difficult to explain by predation.
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Table 13. Data at liberation for 1992-brood spring chinook salmon released
from Willamette Hatchery in February 1994.

Final Final
Number Inven- Total Fish/  Fish loss load density
Group Tag code tagged tory liberation Kg (percent) Ibs/gpm Ibs/ft3

Al 38955 34.9 1.04% 491 0.66

A2 07-63-23 07-63-22 32358 3208 30364 30213 36525 33.1 7.00% 4.86 0.66

Average 34.0 4.02% 4.89 0.66

Bl 07-63-37 20106 19950 17550 29.7 12.03% 0.35

B2 07-63-36 20140 19759 17550 28.6 11.18% 5-E 0.37

Average 29.1 11.60%  2.65 0.36

Cl 07-63-24 32070 39442 36704 32.5 6.94% 4.96 0.67

C2 07-63-25 31981 38655 33082 30.6 14 .42% 4.76 0.64

Average 31.5 10.68% 4.86 0.66

DI 07-63-26 32037 116264 116110 37.4 0.13% 13.66 1.85

D2 07-63-27 32046 116180 108378 35.7 6.72% 13.36 1.81

Average 36.5 3.42% 13.51 1.83

El 07-63-28 32049 59296 44505 47.3 24.94% 2.76 1.12

E2 07-01-28 32000 58878 41760 38.2 29.07% 3.20 1.30

Average 42.8 27.01%  2.98 1.21

F1 07-01-29 32000 58684 50460 38.3 14.01% 3.87 1.57

F2 07-01-30 32031 58893 49077 37.6 16.67% 3.83 1.55

Average 37.9 15.34% 3.85 1.56

Gl 07-01-31 32060 59340 53235 37.2 10.29% 4.20 1.70

G2 07-01-32 32119 59492 51136 41.3 14.05% 3.63 1.47

Average 39.2 12.17%  3.92 1.59

Dexter 07-01-33 32000 154364 16.9 1.63 0.37
07-07-34 31892 154363 16.9 1.63 0.37
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Table 14. Weights, lengths and condition factor (K) for 1992-brood spring chinook salmon released
from Willamette Hatchery in February 1994.

Jul v October December February

Condition Condition Condition Condition
factor factor factor factor
Group grams mm 1047 grams mm X107 grams mm X10~7 grams mm X1047
Al 6.7 81.6 123.75 24.8 115.0 163.14 27.7 130.0 126.27 28.7 135.9 114.20
A2 6.8 81.1 127.80 29.3 122.3 160.08 26.9 134.1 111.53 30.3 140.2 109.89
Bl 6.4 80.1 123.66 27.3 119.6 159.51 30.5 138.9 113.79 33.7 138.8 126.05
B2 6.0 80.2 116.87 26.7 125.7 134.29 31.3 140.8 112.38 35.0 147.2 109.80
Cl 6.5 83.6 110.84 28.0 116.6 176.57 279 133.6 116.92 30.7 138.6 115.33
c2 6.7 82.1 120.65 26.4 119.9 153.00 299 135.0 121.60 32.7 140.8 117.31
D1 5.7 81.5 106.02 24.5 108.6 191.56 24.4 123.6 129.47 26.7 133.5 112.29
D2 6.1 81.9 110.94 27.1 115.3 176.45 26.3 132.4 113.27 28.0 135.6 112.30
El 6.3 83.2 109.44 20.7 111.1 151.18 19.3 123.2 103.38 21.1 126.5 104.35
£E2 6.7 81.0 126.18 22.1 118.7 132.43 24.2 129.1 112.31 26.2 131.3 115.52
FI 6.7 80.7 126.97 24.9 116.6 157.19 28.6 132.4 123.18 26.1 132.5 112.46
F2 6.4 81.5 119.18 23.1 116.7 145.15 22.7 130.1 103.16 26.6 130.5 119.58
Gl 6.1 81.1 114.37 22.1 114.2 148.42 24.1 130.9 107.15 26.9 131.8 117.42
G2 5.9 80.8 111.38 22.5 110.4 166.76 21.3 121.5 119.01 24.2 127.8 116.05




Goups Al and d are next to each other and have the sane nunbers
of fish. Goup O differs fromgroup Al only by the presence of
an oxygen contact colum at the head end of the pond. Al so,
predati on should occur to a greater extent in ponds containing
hi gher nunbers of fish, but the degree of loss in group Bl, which
has the |east number of fish per pond, was higher than that of
group Dy, which had nearly six tines as many fish. This suggests
that regardl ess of the |arge nunber of herons observed, the
greatest source of error in population estimtes conmes from
either neasurenents of fish size or water displacenent in the
l'i beration trucks.

A significant difference (P < 0.05) in fish weight at
rel ease was observed between the groups (Fig. 17). This result
was not desirabl e because changes in fish size at rel ease can
affect the subsequent survival of the juveniles to adul t hood
(Johnson 1970; Hagar and Nobl e 1976; Reisenbichler et al. 1982).
These differences in fish size affected the final densities and
| oads. Al groups were less than originally projected due to the
smal l er size of fish (Table 15).

Mrtalities for all ponds were low and simlar throughout
the year (Table 16). A sanple of 20 fish was taken from each
pond just prior to release to obtain a | evel of BKD as determ ned
by enzyne |inked i munosorbent assay (ELISA) (Appendix C).

Optical densities of less than ,100 were classified as non-
detectabl e because of background interference. Low, nmedium high
| evel s of BKD were defined by ranges of optical densities of

0.100-0.199, 0.200-0.499 and greater than 0.499, respectively.
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Fig. 17. Average weight at release of juvenile chinook sal non

from experimental ponds at WIllanmette Hatchery, 1994.
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Table 15. Comparison between ideal experimental conditions listed in Table 2
and actual loads and densities at the time of release of experimental groups
of spring chinook salmon from Willamette Hatchery on 28 February 1994.

Density Load
(pounds/cubic foot) (pounds/gallon/minute)

Group Ideal Actual Ideall Actual

Al 0.97 0.66 7.20 491

A2 0.66 4.86

81 0.49 0.35 3.60 2.60

82 0.37 2.70

C1

C2 0.97 0.64 0.67 7.20 4.96
3.18

D1

D2 2.92 1.6 L8 21.60 13.66
13.36

El

E2 2.92 130 112 7.20 2.76
3.20

F1 2.92 1.57 7.20 3.87

F2 1.55 3.83

Gl

G2 2.92 L0 1.47 7.20 4.20
3.63
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Table 16. Observed mortality recorded by month and group of juvenile
spring chgnook salmon reared in experimental ponds at Willamette Hatchery,
1993-1994¢.

Group Aug Sep Oct Nov Dec Jan Feb
Al 56 39 32 18 12 55 43
A2 61 24 46 48 31 31 58
81 34 10 20 23 13 18 38
B2 44 36 29 31 30 28 55
C1 33 20 34 33 19 31 33
c2 72 51 27 47 32 51
D1 170 66 100 1:: 77 87 9]
D2 196 140 100 120 61 61 106
El 70 62 57 31 29 26 50
E2 10 17 31 15 16 9 48
Fl 64 29 55 46 40 44 63
F2 32 13 28 13 19 16 41
Gl 44 29 59 30 35 35 72
G2 66 9 59 22 25 18 49

4 Fifteen fish were sacrificed each month for smolt quality assays from
pond A2, B2, C2, D2, El, Fl,and G].
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The percentage of the fish sanpled in each of the |ow, nedi um and
high groups is shown in Table 17. Fish from pond By had the
hi ghest nean optical density and were significantly different
(Fisher's LSD p<.05) fromthose of all other groups except E; and
A;. Goup Ep was significantly different (Fisher's LSD P<.05)
than group By. Tests conducted on the fish released in 1993
showed 5 groups of fish neasuring in the high range and 7 groups
in the mediumrange whereas the 1994 tests showed no groups in
the high range and 8 groups in the medium range. The levels of
BKD may affect the survival so that a conparison of the
replicates should be done to determne if the |evels of BKD
rather than treatment groups have a higher inpact on tota
returns

Condition factors of fish at release were not significantly
different (P < 0.05) (Table 14).

Growt h

Fish were ponded in experinmental raceways after tagging from
6 July 1993 to 27 July 1993. Starting weights and nunbers are
shown in Table 18.

Monthly growth of the fish was neasured in three different
ways (Ricker 1975). Absolute growth is shown in Table 19
relative growh is shown in Table 20, and instantaneous grow h
rate is given in Table 21. The large variations in growh
bet ween nonths resulted froma lack of precision in the pond

counts. Fromwork performed at this and other hatcheries (Ew ng
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Table 17. 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--499 and greater than .499, respectively.

Percentage in category

Mean

Optical Non

Density detectable Low Medium High
Al 0.114 65.0% 25.0% 10.0% 0.0%
A2 0.113 45.0% 55.0% 0.0% 0.0%
Bl 0.093 85.0% 15.0% 0.0% 0.0%
B2 0.139 45.0% 45.0% 10.0% 0.0%
Cl 0.112 40.0% 60.0% 0.0% 0.0%
C2 0.108 45.0% 55.0% 0.0% 0.0%
D1 0.104 50.0% 50.0% 0.0% 0.0%
D2 0.097 66.7% 28.6% 4.8% 0.0%
£l 0.120 50.0% 40.0% 10.0% 0.0%
E2 0.101 55.0% 40.0% 5.0% 0.0%
F1 0.102 65.0% 30.0% 5.0% 0.0%
F2 0.098 71.4% 28.6% 0.0% 0.0%
Gl 0.108 70.0% 25.0% 5.0% 0.0%
G2 0.111 60.0% 35.0% 5.0% 0.0%
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Table 18. Starting weights and numbers for juvenile spring chinook
salmon introduced into experimental ponds in July 1993 at Willamette
Hatchery.

Total Weight

Number/kg (kg) Number
Al
A2 1489 1470 266.0 269.3 30619 3072
Bl
B2 157.1 16,7 1208 1280 20106 20012
C1
g % 1544 1498 256.7 2602 30645 38076
D2 1740 1643 6722 TLLT 1169%4 116978
El
E2 1492 1584 3164 3.7 50624 59024
F1
F2 1500 1551 3034 3608 59025 59055
Gl
G2 1637 1703 3644 3508 59644 59740
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Sep Oct Nov Dec Jan Feb Overall

Absolute change in weight in grams per month for spring chinook

Aug

salmon reared in experimental raceways at Willamette Hatchery, 1993-1994.
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Table 20. Relative change in weight in grams per month for spring chinook
salmon reared in experimental raceways at Yillamette Hatchery, 1993-1994.

Group Aug Sep Oct Nov Dec Jan Feb Overall
Al 0.67 0.72 0.29 -0.10 0.24 -0.01 0.04 3.27
A2 0.87 0.71 0.35 -0.02 -0.06 0.04 0.08 3.45

0.77 0.71 0.32 -0.06 0.09 0.02 0.06 3.36
Bl 0.87 0.29 0.02 0.10 0.06 0.04 4.29
B2 0..94 1.19 0.04 0.03 0.14 0.03 0.09 4.80
0.86 1.03 0.17 0.02 0.12 0.05 0.06 4.55
Cl 0.92 0.42 -0.03 0.03 0.20 -0.08 3.75
Cc2 0.5 0.75 0.89 0.20 0.01 0.13 0.03 0.07 3.90
0.67 0.91 0.31 -0.01 0.08 0.11 -0.01 3.82

D1
D2 0.79 0.4 0.90 0.46 -0.08 0.09 0.11 -0.01 3.65
0.77 0.40 -0.04 0.01 0.09 -0.02 3.60
0.66 0.84 0.43 -0.06 0.05 0.10 -0.02 3.63
El 0.63 0.27 0.10 -0.15 0.05 0.04 2.35
E2 0.5 0.1 0.61 0.20 -0.08 0.19 0.21 -0.10 2.90
0.65 0.62 0.23 0.01 0.02 0.13 -0.03 2.63
FI 0.75 0.65 0.30 0.05 0.09 -0.14 0.06 2.92
F2 0.73 0.76 0.18 0.03 -0.04 0.39 -0.16 3.12
0.74 0.70 0.24 0.04 0.02 0.13 -0.05 3.02
Gl 0.64 0.72 0.28 -0.01 0.10 0.18 -0.05 3.40
G2 0.59 0.83 0.32 0.02 -0.07 0.13 0.01 3.13
0.61 0.77 0.30 0.01 0.01 0.15 -0.02 3.26
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Table 21. Instantaneous change in weight in grams per month for spring chinook
salmon reared in experimental raceways at Willamette Hatchery, 1993-1994.

Group Aug Sep Oct Nov Dec Jan Feb Overall
Al 0.54 0.26 -0.11 0.22 -0.01 0.04 1.45
A2 0510.63 0.54 0.30 -0.02 -0.06 0.04 0.08 1.49

0.57 0.54 0.28 -0.07 0.08 0.02 0.06 1.47
Bl 0.57 0.62 0.26 0.02 0.10 0.06 0.04 1.67
B2 0.66 0.78 0.04 0.03 0.13 0.03 0.08 1.76
0.62 0.70 0.15 0.02 0.11 0.05 0.06 1.71
Cl 0.46 0.65 0.35 -0.03 0.03 0.18 -0.08 1.56
c2 -0.56 0.64 0.18 0.01 0.12 0.03 0.06 1.59
0.51 0.64 0.27 -0.01 0.07 0.10 -0.01 1.57
D1 0.43 0.64 0.38 -0.09 0.08 0.10 -0.01 1.54
D2 0.58 0.57 0.34 -0.04 0.01 0.08 -0.02 1.53
0.51 0.61 0.36 -0.06 0.05 0.09 -0.02 1.53
El 0.47 0.49 0.24 0.09 -0.16 0.05 0.04 1.21
E2 0.54 0.48 0.18 -0.08 0.17 0.19 -0.11 1.36
0.50 0.48 0.21 0.00 0.00 0.12 -0.03 1.29
Fl 0.50 0.26 0.05 0.08 -0.15 0.06 1.37
F2 0.5 0.5 0.57 0.16 0.03 -0.05 0.33 -0.17 1.42
0.55 0.53 0.21 0.04 0.02 0.09 -0.06 1.39
Gl 0.54 0.25 -0.01 0.09 0.17 -0.06 1.48
G2 0.50 0.46 0.60 0.28 0.02 -0.07 0.12 0.01 1.42
0.48 0.57 0.26 0.01 0.01 0.14 -0.02 1.45
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et al. 1993), it may not be possible to achieve a |evel of

preci sion in pond counts sufficient to provide accurate nmonthly
growth rates. The difference between the initial weight at
pondi ng and final weight at |iberation may therefore provide a
better conparison between raceways than a nont h-by-nonth

conpari son

Gowh rates were estimated fromthe initial weights at
pondi ng and final weights at |iberation (Tables 22, 23, and 24).
Anal ysis of the growh rates over four years of experinenta
rearing showed no significant difference (analysis of variance
P<.05) between any of the groups when the instantaneous rates
were conpared. There were differences in the relative rate (Fig.
18) and a greater detectable difference in the absolute rate
(Fig.19). Fish reared in the Mchigan style ponds (Goups E, F,
G showed the slowest rate of gain with the first pass (E) being
| owest,

Mont hly food conversions for each experinental pond are
shown in Table 25. The large variations and negative val ues
resulted fromlack of precision in the pond counts. Monthly 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. Overall food conversions are
probably of greater inportance to this study. Overall weight
gain and feed conversions for the four rearing cycles are
conpared in Table 26. Wen the overall feed conversions were

conbined for all years, analysis of variance (P < .05) showed
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Table 22. Absolute change in weight in grams for the entire experimental
rearing period at Uillamette Hatchery, 1990-1994.

Group 1990-1991 1991-1992 1992-1993 1993 1994 Average
Al 27.8 35.3 39.0 21.9
A2 23.0 34.6 38.8 23.4 30.5
Bl 32.0 41.3 39.4 27.3
B2 25.6 34.2 37.0 29.0 33.2
C1 28.1 37.3 44.3 24.3
C2 28.7 31.8 38.4 26.1 32.4
D1 20.0 30.2 37.7 21.0
D2 22.8 27.1 36.6 21.9 27.2
El 17.2 18.4 26.3 14.8
E2 19.0 20.3 24.9 19.5 20.1
F1 20. 24.5 27.7 19.5
F2 21.0 25.7 27.8 20.1 23.3
Gl 19.7 26.7 30.1 20.8
G2 20.5 25.7 25.6 18.4 23.4
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Table 23. Relative change in weight in grams for the entire experimental
rearing period at Uillamette Hatchery, 1990-1994.

Group 1990- 1991 1991-1992 1992-1993 1993- 1994 Average
Al

A2 200 148 3.51 419 3.8 426 3.0 34 3.26
Bl

B2 2.8 163 4.81 3.69 3.6 3.0 4.9 440 3.58
C1

C2 200 2.05 4.8 3.78 459 37 35 39 3.58
D1 1.73 4.45 3.57 3.65

D2 1.55 3.75 3.43 3.60 3.22
El

E2 L7 1.8 231 1.9 2.5 2.4 2529 2.20
F1 1.55 2.75 2.69 2.92

F2 1.71 2.88 3.15 3.12 2.60
Gl 1.81 2.52 3.22 3.40

G2 1.77 2.83 2.75 3.13 2.68
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Table 24. Instantaneous change in weight in grams for the entire experimental
rearing period at Uillamette Hatchery, 1990-1994.

Group 1990- 1991 1991-1992 1992- 1993  1993-1994 Average
Al 1.13 0.71 0.71 1.45
A2 0.91 0.65 0.72 1.49 0.97
Bl 1.16 0.76 0.67 1.67
B2 0.97 0.67 0.66 1.76 1.04
Cl 1.10 0.77 0.75 1.56
c2 1.11 0.68 0.68 1.59 1.03
DI 1.00 0.74 0.66 1.54
D2 0.94 0.68 0.65 1.53 0.97
El 0.91 0.46 0.53 1.21
E2 1.02 0.53 0.54 1.36 0.82
Fl 0.94 0.57 0.57 1.37
F2 1.00 0.59 0.62 1.42 0.88
Gl 1.03 0.66 0.63 1.48
G2 1.02 0.58 0.57 1.42 0.92
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Fig. 18. Average relative growh rates for chinook sal non reared

under experimental conditions at WIllanmette Hatchery, 1990-1994.
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Fig. 19. Average absolute growh rates for chinook sal mon reared

under experinmental conditions at WIlanette Hatchery, 1990-1994..
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Table 25.

Food conversion of spring chinook salmon reared in experimental

raceways at Willamette Hatchery, 1993-1994.

Group Aug Sep Oct Nov Dec Jan Feb
Al 1.84 1.48 2.00 -1.54 0.41 -13.84 0.32
A2 1.74 1.27 1.27 -5.27 -1.67 3.85 0.07
81 1.68 1.30 1.92 11.45 1.02 1.85 -1.06
82 2.12 0.93 6.90 5.99 0.98 5.59 -0.37
C2 2.32 1.34 1.31 -3.70 3.21 0.69 -1.71
D1 2.8 19 13012 2181.28 UL 1.6 0.81 4.74 -0.91

1.11 1.19 -0.17
[ 31 1.64 1.29 1.27 -2.56 6.95 1.35 -1.09
E2 1.60 181 131119 2.03 1% -1.12 0.8 -0.50 2.55 -2.57
0.48 0.53 -5.45
F2 1.58 1.25 1.45 1.57 0.76 -0.65 -1.21
Gl 1465 L7 1.06 1.2 2.6 1.6 -15.19 3.12 -1.67 0.29 -4.87
0.89 0.60 -2.15
G2 1.78 1.12 1.41 5.67 -1.15 0.96 -1.66

Large numbers,

UMD , extreme variabilit
of precision in pond counts (see

es
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Table 26. Overall feed conversion by group for rearing years 1990-1991,
1991-1992, 1992-1993, and 1993-1994 at Willamette Hatchery.

Group 1990-1991  1991-1992 1992-1993 1993-1994 Average

Al 1.70 1.69 1.61 1.98

A2 2.13 1.77 1.69 2.10 1.83
B2 1.57 1.72 1.56 2.01

C1 2210 1.80 178 170 1% 204 197 1.82
C2 1.60 2.04 1.56 2.11 1.78
D1

D2 L& L0 170 199 172 176 181 1% 1.73
El

E2 2L 21523 2932.% 3102.68 2.50
F1

F2 18310 209 189 2.0 21 215 2.05 2.03
Gl 1.88

G2 193 190 189190 2.47 201 181 1.98
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that group E was significantly higher than all the other groups
while group F was al so significantly higher than group D (Fig.

20). The higher flows in the Mchigan style ponds and extra fl ow
requi red to bal ance the punps in subsequent ponds may increase
the food conversion rate by requiring nore energy to naintain
their position in the water colum. The substantial |oss
recorded at |iberation fromgroup E also raised the food
conversion of this group. Also, the increased predation
suspected for the Mchigan style ponds may result in [ower rates

of growth and conversion.
Lengt h Frequenci es

Length frequencies for all experinental fish were obtained
in July during tagging, Septenber, Decenber and February.
Skewness of |ength frequencies as a measure of symetry about the
nmean did not show significant differences (P < .05) between
groups (Table 27). No apparent pattern could be seen in the
length frequency as a result of rearing density or treatnent

groups
Bcal e Anal yses

In both February 1993 and 1994, scale sanples were taken
fromjuvenile chinook in experinmental ponds just before rel ease.
Scale radii were determned fromthese sanples and plotted

against fork length of the fish. Significant Iinear
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Fig. 20. Average food conversions for spring chinook sal non
reared in experimental ponds at WIlanette Hatchery, 1990-1994,

Bars with the sane superscript are not significantly different.
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Table 27. Skewness values from length frequency data for spring chinook
salmon in various experimental raceways at Yillamette Hatchery, 1993-1994.
Positive values indicate the population skewed to the smaller sizes and
negative values indicate the population is skewed to the larger sizes.

Group Jul Sep Dec Feb
Al -0.415 0.112 0.633 0.472
A2 0.044 -0.098 0.327 0.332
Bl 0.073 -0.028 0.155 0.446
B2 0.604 0.029 -0.033 -0.065
Cl 0.024 0.052 0.677 0.555
c2 0.394 0.331 0.288 0.652
D1 -0.088 -0.436 0.466 0.374
D2 -0.387 0.902 0.347 0.069
El 0.090 0.665 0.596 -0.267
E2 -0.204 0.677 0.738 0.839
Fl 0.099 0.535 0.239 0.672
F2 -0.443 0.623 0.771 0.548
Gl -0.238 0.420 0.914 0.497
G2 0.140 0.627 0.844 0.250
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rel ati onships were observed in both cases (Figs. 21 and 22). In
1993, the regression equation was 0.5078 (scale radius) + 6.984
(R2 = 0.620). In 1994, the regression equation was 0.7017 (scale
radi us) + 3.060 (R? = 0.790). As adults return to the collection
facility at Dexter, scales will be taken and the freshwater
portion of the scale neasured. Fromthe regressions above, we
hope to be able to estinmate the size at which the juveniles
entered the ocean. These data should confirmthe size-at-release
experiments of Smth et al. (1985) that indicate the appropriate

sizes for survival in the ocean
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Fig. 21. Relationship between fork length (cn) and scal e radius
for juvenile spring chinook sal non reared in experinental
raceways at WI!lamette Hatchery, 1992-1993. Radii were neasured

in mmfroma 24X magnification of the scales.

92



Lo
(90}

o
™

- . _
5 nhu 5 .W. 5
ol N — —

(ww) snipey 8|eos abelany

0+

25

20

15

10

Fork Length (cm)



Fig. 22. Relationship between fork length (cm and scal e radius
for juvenile spring chinook salmon reared in experinental
raceways at W/l lanmette Hatchery, 1993-1994. Radii were neasured

in mmfroma 24X magnification of the scales.
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Snolt Quality Assessnent

| nt roducti on

In the Colunbia River Fish and WIldlife Program (1987), the
Nor t hwest Power Pl anni ng Counci| enphasized the inportance of
i mproving the effectiveness of hatcheries through the rel ease of
better-quality snolts. Section 703(e)s calls for devel opnent of
"a sensitive, reliable index for predicting snolt quality and
readiness to mgrate. The index shall be validated by conducting
a test using a sel ected species and selected 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 nore 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
Administration to address these concerns. The study, Snolt
Quality Assessnent of Spring Chinook Sal mon, Project No. 89-046,
sanpled fish fromfive hatcheries in the Colunbia River basin to
deternmine smolt characteristics. One of these hatcheries was
Wllanmette Hatchery. The sanpling design at WIllamette Hatchery,
however, did not address sone of the nore interesting issues
concerning the effect of oxygen suppl enentati on on snolting.
During the first year of the study, no fish fromthe oxygen

suppl enent ation 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 (Na+K)-ATPase
activity, and plasma thyroxine, cortisol and glucose. Sanpling
was continued during the 1993-1994 rearing period. This sanpling
extended the data base fromthe previous Snolt Quality Assessnent
project to provide a continuous four-year record of snolting in
sone of the experimental groups at WIllamette Hatchery. |t also
provi ded a conparison of snmolting in fish reared under the seven
experimental conditions described in Table 48. Data will also be
used to correlate mgration rate and survival to adulthood with
the degree of snolting exhibited at Wllanette Hatchery as this
data becones avail abl e.

This report describes the results fromthe second year of
sanmpling for smolt quality paraneters in fish fromall

experinental groups at WIlanette Hatchery.

Haterials and Methods

G oups of 15 fish were sanpled fromthe | ower half of each
of seven experinental raceways using a |ong-handl ed dipnet.
Experimental groups are described in Table 2. pipnet sanpling
was exam ned by the Smolt Quality Assessnent study (1989) and
found to provide representative sanples from raceways. To

mnimze stress, groups of 10 or less fish were netted and
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sanpled at any one time. The fish were transferred i medi ately
to a bucket containing 200 mg/L M5-222 and 1 m 5M imidazole/L
and killed with an overdose of anesthetic to prevent changes in
physi ol ogi cal paraneters due to stress.

Fish were neasured, weighed, and visually judged to be
parrs, snolts or partly snolted. Parrs were defined as fish in
which the parr nmarks 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
= wei ght (g)/length (cm)3.

The caudal peduncl e was severed and approximately 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 wth blood for
hematocrit analysis. The liver was then renoved and placed in a
glass tube on dry ice. GII filaments were excised and
honogeni zed in a nedi 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. Skin sanples were taken by placing the fish on dry
ice for several mnutes until frozen. A circle of skin was
renmoved with a cork borer fromthe mdline just bel ow the dorsa
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. Hematocrit tubes were then frozen on dry ice

for henogl obin analysis. Large blood sanples were centrifuged for
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2 mnutes at 1000 x g at roomtenperature, the plasma was renoved
with a Pasteur pipette, and the plasnma was stored on dry ice in
0.5 m mcrocentrifuge tubes.

After transport to the |aboratory, livers were honogeni zed
in 2.0 M water. Two aliquots of 0.05 nl were renoved for
protein analyses, and aliquots of 0.2 mM were renoved for
triglyceride analyses. dycogen was precipitated fromthe
remai nder with 5 volunes of ethanol according to the nmethod of
Mont gonmery (1957). dycogen was neasured by the colorimetric
met hod of Dubois et al (1956). Triglyceride sanples were diluted
to 1.0 mM with water and heated at 75°c for 15 minutes. The
sanpl es were then cool ed and centrifuged at 6000 rpmfor 10
mnutes in a Mstral 2000 refrigerated centrifuge. Supernatants
were decanted for triglyceride analyses by the nmethod of Bucolo
and David (1973).

G|l ATPase activity was neasured in gill honobgenates by the
met hod of Johnson et al. (1977). Protein was determned by a
nmodi fication of the nethod of Lowy et al. (1951). Henogl obin
content of blood was neasured from bl ood sanpl es used for
hematocrits. Vol umes were determi ned by neasurenent of the
l ength of the blood sanple in nmand converting the length to
vol ume by a standardi zed regression between known vol unes of
water and the length of the tube occupied by water. Henogl obin
was determ ned as the cyanonet henogl obin by the nethod of R ce
(1967).

anew technique was used for determnation of skin guanine.

Staley and Ewing (1992) described guanine content in terns of ug
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guanine per ng of skin. This technique has difficulties
associated wth obtaining a reproduci ble sanple w t hout
underlying nuscle tissue and with extraction efficiency dependent
upon sanple size. To alleviate these difficulties, we used a
cork borer to obtain a portion of skin of known area. Quanine
concentrations were then related to this known area of skin. The
area of the sanple was obtained by wei ghing known areas from
lined graph paper. A relationship between sanple area and wei ght
was established. Sanples were then punched from the graph paper
with a cork borer and weighed. The area indicated was 0.8874
cm?. Al neasurenents of guani ne were subsequently expressed as
ug guani ne per cm? skin. In Septenber, sanples obtained with the
cork borer fromfish fromgroups E and F were al so wei ghed. An
average wei ght of 8.83 + 0.39 (N=28) was obt ai ned. From this
val ue and the assunption that the weight per area renains
constant throughout snolting, it is possible to relate previous
val ues based on grams of skin to those based on cm? of skin by
multiplying by 0.1005. Skin sanples were extracted for 48 hours
in 1 N HcCl and assayed for guanine by the enzymati c net hod of
Staley and Ew ng (1992).

Pl asma gl ucose was neasured by a gl ucose oxi dase net hod
devel oped by Bi otech Research and Consulting, Inc., for
mcroliter quantities of plasna.

Conpari sons between paraneters of experinmental groups and
times were exam ned by 2-way anal ysis of variance (anova). \Wen
significant differences wereobserved, individuals were conpared

by Tukey’s test. Gowth rates derived from dipnet sanples were

100



conpared with those derived fromnonthly pond counts by chi
square analysis. Al analyses were performed at the 95%

confidence |evel.

Results and Di scussi on

Sanpl i ng Procedures

A potential problemw th dipnet sanpling was whether the
sanple of 15 fish collected for snolt sanples was representative
of the population. During sanpling in 1992-1993, it was found
that dip-net sanples from sonme raceways were significantly
smal | er than sanpl es obtained by crowding the fish and taking
di p-net sanples of the crowded fish

To examne this further in 1993-1994, weights of the 15 fish
fromeach time point in the snolt sanpling program were conpared
wi th those obtained by crowding the popul ati on and determ ning
wei ghts by pond counts (see Appendices on disks). Chi squared
anal ysis indicated that the weight of the fish in the snolt
sanples was not significantly different fromthat of the pond
counts (x2 = 41.2; x2(0.95, 47 d.f.) = 59. 8). These results
suggest that the dip net sanples were representative of the
population in the ponds. |f weights for snolt sanples and pond
counts were conbined for 1992-1993 and 1993-1994, weights of
snmolt sanples were not significantly different fromthose of the

pond counts (x2 = 126.9; x2 (0.95, 103 df) = 133.0).
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Gowh rates of the fish in the snolt sanples were

cal cul ated by changes in fork |length and wei ght and conpared to
t hose obtained frompond sanples at the hatchery (Table 28).
Most growth rates based on changes in fork length were simlar
except in group E. This slower apparent growth rate could al so
be seen with growth rates based on changes in weight. Growth
rates based on changes in weight were simlar for snolt sanples
and for pond counts except in Goups D, F, and G |n these

groups, |larger fish tended to becaptured in the snolt sanples.

Snolt | 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
smol ting in chinook and parr marks that were obscured by
silvering. Partially snolted individuals were internediate in
size (Fig. 23). The average length for fish in each of the snolt
categories increased slightly with time (Fig. 24).

The percent of the sanple consisting of parrs decreased

continuously during the sanpling year (Table 29), aswould be

expected if the smolt status was a function of size. However,
these data were from pool ed sanples from all the raceways. There
was a tendency for fish in the Mchigan ponds to be sonewhat nore
silvery than those in raceways in 1992-1993. However, in 1993-
1994, there was no significant difference in guanine content per

cm? between fish in raceways and those in M chigan ponds (Fig.
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Table 28. Gowh rates fromsnolt sanples cal cul ated as change
in fork length (cm per day and the change in weight (g) per day.
Gowh rates were obtained by linear regression analysis.

G oup G ow h R2 Gowth R2 Growt R2
Rat e Rat e Rat e
(cm/day) (g/day) (g/day)
A 0. 0207 0. 659 0. 097 0.577 0. 096 0.694
B 0. 0264 0. 859 0.131 0.832 0.119 0.806
C 0. 0203 0.774 0.091 0. 743 0. 110 0. 827
D 0.0278 0. 896 0.146 0. 891 0. 093 0.714
E 0.0176 0.752 0. 075 0. 655 0. 086 0. 829
F 0.0262 0. 843 0.126 0. 835 0. 082 0.727
G 0. 0249 0. 888 0.114 0. 847 0.078 0.723

"Gowth rate calculated trom pond 1 nventories show 1 n Appendi ces
on di sks.
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Fig. 23. Length frequencies of fish in the three snolting
categories. Values are for fish from 105 sanples taken in
Cctober 1993. Parrs, solid bars; partial snolts, heavy stripes:

smolts, open bars.
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Fig. 24. Average fork length (cm) for fish in parr (-B-), partially

smolted (-00-), or smolted (-A-) condition with time of sampling.
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Table 29. Percents of sanples dipnetted fromall raceways
t hat mFre visually assessed to be parrs, partially snolted,
or snolts.

Dat e Parr Parti al Snol t
August 82.7 17.3 0.0
Sept enmber 47. 2 49.1 3.8
Cct ober 13.5 60. 6 26.0
Novenber 8.6 50.5 41.0
Decenber 2.9 52.4 44. 8
January 4.7 58.9 36.4
February 2.8 48. 1 49. 1
February 22 0.7 54.7 44. 6
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25). As expected fromthe snolt status, the guanine content of
all groups tended to increase during the rearing cycle. However
there was a tendency to reach a maxinum in January. This

t endency was especially pronounced in groups E and Fof the

M chi gan ponds.

The rel ationship between size and col orati on had been
suggested earlier for chinook salmn (Ewng and Birks, 1982).
They suggested that chinook salnon reared in tanks lost their
parr marks at 7 cmand renumined 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 Mchigan ponds in
1993 is intriguing and unexplained. Bouck (1972) reported that
rock bass subjected to periods of hypoxia lost their olive green
color 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 concentrations in these raceways are
no different than those seen in other raceways (Table 3).
However, since the results could not be repeated in a nore
extensive exam nation throughout the sanpling season, the results

from 1993 nay remain an unexpl ai nabl e anonaly.
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Fig. 25. Guanine content (ug/cmz) in the skin of juveniles chinook
salmon from various experimental groups. A. -®-, group A; -O-, group

B; -V¥-, group C; -V-,group D. B. -®@-, group E; -0-, group F; -V-
, group G;
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Condi tion factor was cal cul at ed monthlyfrom length and
wei ghts of smolt sanples (Fig. 26). Maxinum |evels occurred in
Septenber for fish in group D, E, and G in Cctober for groups a,
C, and F, and in Novenber for group B. During the peak, however
val ues on successive nonths are rarely significantly different,
suggesting that all groups may be reaching a maxi numin the
general area of Cctober. Values then dropped to reach a m ni num
in January and February. During the last sanples on February 22,
condition factor was again increasing. There seened to be little
difference in the patterns of change in condition factor between
gr oups.

In 1993-1994, sanpling for condition factor started a nonth
earlier in August fromthat in 1992-1993. Consequently, a peak
in condition factor was observed rather than decreasing values in
the fall. Condition factor seened to have reached a nmaxi mum
earlier in 1992-1993, probably due to the warner water
tenperatures and increased growh rates during that year

G|l (Na+K)-ATPase activity showed fall peaks in activity in
groups C, D, E and F (Fig. 27B and 27C). Goups A and B had no
change from August to Cctober, then dropped in specific activity
in Novermber. Specific activities for groups B, E, F, and G
reached a mninumin December, then rose in the spring. G oups
A, C, and D showed m ninmm specific activity in February.
Activities rose slightly during the last sanple point in late
February. Analysis of variance indicated significant differences

in activity throughout the year.
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Fig. 26. Changes in condition factors with time for spring chinook
salmon reared in seven experimental raceways at Willamette Hatchery,
1993-1994. A. -@-, group A; -0-, group B; -V¥-, group C; -V-, group

D. B. -®-, group E; -0-, group F; -V¥-, group G;
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Fig. 27. Changes in gill (Na+K)-ATPase specific activity with time for
spring chinook salmon reared in seven experimental raceways at
Willamette Hatchery, 1993-1994. A. Group A, -@-; group B, -0-. B.
Group C, -®-; group D, -O-. C. Group E, -®-; group F, -O-. Group G,

-0-.
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In contrast to last year, groups E and F of the M chigan
ponds showed good patterns of changes in activity during the year
(Fig. 27¢), although the average specific activity was |ower than
that of the other ponds. Specific activity of group G showed
only a decrease in activity from August to Decenber, then a
general rise in activity until February and rel ease of the fish.
Anal ysis of variance indicated significant differences in
activity in all groups during the year

Li ver glycogen in groups B, C, D, E and G showed a peak in
concentration in Novenber (Fig. 28). Liver glycogen in groups A
and F did not change significantly during the fall. Al groups
reached a mnimum |l evel near the first of February and an
increase in concentration at the last of February. dycogen
| evel s seened to reach a nmaxinuma nonth after condition factors
reached a maximum in nost ponds. The significance of this is not
clear, although it may represent a trend toward equilibriumwth
the stored fats that cause the changes in condition factor.

Liver triglycerides tended to reach a peak in concentration
in Novenmber in all groups except groups A and E (Fig. 29). A
peak in triglyceride concentration was reached in February in
groups E and G and then decreased just before release. This
pattern was sinmlar to that seen |ast year. However, in groups
A B C D and F, there was little change in triglyceride
concentrations between January and March. Even in these, there
was a tendency for triglycerides to drop just before rel ease.

The suggested increase in energy netabolismindicated by the

capture of smaller fish in group Cis not supported by the
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Fig. 28 Changes in liver glycogen (ug/mg protein) with time in spring
chinook salmon reared in seven experimental raceways at Willamette
Hatchery, 1993-1994. A. Standard raceways: group A,-®- , group B, -0

-; group C, -V¥-; group D, -V-.B. Michigan pond: group E -®-; group F
-0-; group G -V-.
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Fig. 29. Changes in liver triglycerides (ug/mg protein) with time in
spring chinook salmon reared in seven experimental raceways at

Willamette Hatchery, 1993-1994. A. Standard raceways: group A,-@- ,
group B, -0-; group C, -¥-; group D, -V-.B. Michigan pond: group E

-®-; group F -0-; group G -V-.
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nmeasur ements of conpounds used to provide energy for the fish,

gl ycogen and triglycerides. No differences in |levels of glycogen
or triglycerides were observed between group A wthout oxygen and
group C with added oxygen. These are relatively crude
nmeasurenents 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 a general increase during the year
(Fig. 30) in all groups except group A which showed a maxi num
hematocrit in Septenmber. Goups F and G showed no significant
di fferences throughout the sanpling season.

Bl ood henogl obin levels changed little during the winter
but began to increase just before release (Fig. 31). No
significant differences were observed between raceways provided
w th suppl emental oxygen and those w thout suppl enental oxygen.
Under the conditions of rearing at WIllamette Hatchery, the
presence of maxi mum | evels of oxygen do not seemto influence the
amount of henoglobin in the bl ood.

Pl asma gl ucose | evels gradually decreased to a mninumin
wi nter then tended to increase in January or February in nost
groups (Fig. 32). Lowest val ues were obtained during the last
sanple point. The pattern was approximately the sane in al
raceways. Maxi mum | evel s attained were about 70 mg/dL, which
seens nore reasonable than the high values of 150-200 mg/dL

obtai ned |ast year.
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Fig. 30. Changes in blood hematocrit with time in spring chinook salmon
reared in seven experimental raceways at Willamette Hatchery, 1993-1994
A. Group A, -®-; group B, -0-. B. Group C, -@-; group D, -0-. C.

Group E, -@-; group F, -0-. D. Group G -0O-.
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Fig. 31. Changes in blood hemoglobin content(g/dL) with time for spring
chinook salmon reared in seven experimental raceways at Willamette
Hatchery, 1993-1994.A. Group A, -®-; group B, -0-; group C, -V¥-;

group D, -V-. B. Group E -®-; group F -0-; group G -V-.
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Fig. 32. Changes in plasma glucose concentrations (mg/dL) with time for
spring chinook salmon reared in seven experimental raceways at
Willamette Hatchery, 1993-1994.A. Group A, -@-; group B, -0-; group

C, -¥-; group D, -V-.B. Group E -®-; group F -0-; group G -V-.
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Adult Recoveries

| nformation on coded wire tags collected from experinental
spring chinook salnon released fromW I | anmette Hatchery were
conpiled by the Pacific Fisheries Mnagenent Council (PFM)
conputer data base and collected fromreturns to Wllanette
Hatchery. Prelinmi nary anal yses of the data are shown in Tables
30 and 31. The highest percent returns were fromfish that were
reared at Wl lanette Hatchery until Novenber and then transferred
to the Dexter holding pond (groups Dxl and Dx2). These fish were
not part of the experinental design but were tagged for
conparison with experinental fish. The nunber of fish reared
each year varied: 147,859 for the 1989 brood, 382,000 for the
1990 brood, 382,024 for the 1991 brood and 308, 727 for the 1992
br ood.

The second hi ghest percent returns were fromfish reared at
half the normal rearing density (group B, followed by fish reared
at nornmal density with oxygen (group C. Al other groups showed
less that 0.3%return. The same pattern resulted from conparing
t he nunber of adults recovered per 1000 kg of fish rel eased.

The inverse relationship between density and adult
contribution was observed earlier at the Carson Hatchery where
spring chinook snmolt production |evels of 20,000, 40,000, and
60, 000 fish per raceway resulted in overall adult yields of 79,

78, and 70 fish per raceway respectively (Banks 1994).

129



Table 30. Prelimnary anal %-Si s of adult contributation bY
code and group of spring chinook sal non rel eased fromW Iarrette

Hat chery.

Tag Brood Percent Group Adults per Goup Cost G oup

Code year Pond return Mean 1000 kg Mean $/ adul t Mean

snol ts

07-55-14 89 Al 0.19 45. 75 13. 28
07-56-14 89 A2 0.14 0. 16 30. 94 38.35 24.61 17.77
07-55-17 89 Bl 0.63 134. 26 4.18
07-55-18 89 B2 0.56 0.59 134.50 134. 38 5.90 4.96
07-54-63 89 a 0.52 122. 06 12. 10
07-55-03 89 c2 0.50 0.51 115.99 119.03 11.57 11.83
07-55-07 89 p1 0.22 73.53 17.73
07-55-08 89 D2 0.29 0. 26 78.73 76.13 15.67 16. 66
07-55-09 89 El 0.02 5. 47 318. 61
07-55-10 89 E2 0.06 0. 04 19. 80 12.63 74.34 121.83
07-55-11 89 F1 0.03 7.75 201. 16
07-55-12 89 F2 0.07 0.05 22. 37 15.06 61.94 95. 40
07-55-13 89 i 0.02 5.02 334. 59
07-55-05 89 & 0.01 0.01 3.40 4,21 477.27 392.61
07-55-16 89 DxI  0.85 304. 80 12. 94
07-55-15 89 bx2 0.76 0.80 273.31 289.05 14.44 13. 65
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Table 31. Prelimnary analysis of adult contributation by tag
Egdehand group for spring chinook salnon rel eased fromWI|anette
tchery.

Tag Br ood Adults/ G oup Adul t s/ G oup
Code year Pond 100M3 Mean 1000 L/min Mean
07-55-14 89 A 68. 09 37.70
07-56-14 89 A2 44,59 56. 34 24. 69 31.19
07-55-17 89 B1 117. 41 65. 01
07-55-18 89 B2 96.87 107.14 53. 64 59. 32
07-54- 63 89 C 185. 30 102. 60
07-55-03 89 2 184.30 184.80 102. 04 102. 32
07-55- 07 89 D1 261. 81 144. 96
07-55-08 89 D2 283.65 272.73 157. 05 151. 00
07-55-09 89 H 14. 25 2.63
07-55-10 89 E2 59. 06 36. 65 10. 90 6. 76
07-55-11 89 Fi 24.74 4. 57
07-55-12 89 F2 78.21  51.47 14. 43 9.50
07-55-13 89 @1 14. 46 2. 67
07-55- 05 89 & 9.91 12. 19 1.83 2.25
07-55- 16 89  Dxl 41. 30 13. 43
07-55-15 89  Dx2 37.03 39.16 12. 04 12. 74
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The cost to produce an adult sal non under each of the
experinmental conditions was calculated fromthe returns and from
the costs of rearing at Wllanette Hatchery. Oxygen costs were
determ ned by the total volume of oxygen used in the experinental
pond plus the fixed cost of the tank rental and the fee charged
by the State Fire Marshal for Hazardous nmaterial. The total cost
of rearing was assunmed to be the cost of fish feed from August 1
to release and the cost of oxygen if used. The estimte of total
cost did not include personnel, tagging, or electrical costs for
punpi ng 750 gpm of water to ponds F and G

The | owest cost per adult was obtained fromthe fish reared
at half the normal density (group B), while the highest costs per
adult were obtained fromthe Mchigan ponds. The snall nunber of
adults recovered for groups E, F, and Gresulted in an extrenely
high cost subject to large error. For exanple, if 2 additional
fish were captured in the ocean fishery and expanded for group
G1l, the cost per adult would decrease by $212.92.

Single pass triple density ponds (group D) produced nore
adul ts per 100 m3 and adults per 1000 L/min than any ot her
experimental group (Table 31). However, nunbers were only 47.6 %
greater than those fromfish reared at nornmal density w th oxygen
(group ¢) . The nunber expected woul d be 200% hi gher if oxygen
was the only determning factor. The |lower values for the Dexter
fish are due to the dinension of the pond and the high water flow
though the pond. These prelimnary results suggestthat if

rearing space or flow can not be increased and adult contribution
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needs to be increased, addition of oxygen or rearing at higher
densities will acconplish this task.
It shoul d be enphasized that these data are prelimnary and

conclusions may change with the addition of nore data.
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APPENDIX A

Dissolved Oxygen Concentration (ppm) at Inflow (I) and
Outflow (0) of Experimental Raceways at
Willamette Hatchery, 1993-1994.

Group 1/0 08/07/91  08/14/91  08/21/91  08/28/91  09/06/91

Al I 10.05 9.83 8.05 9.38 8.88
0 9.32 9.27 7.29 8.61 7.71
A2 I 9.91 9.21 9.15 9.80 9.41
0 9.11 8.46 8.29 9.29 8.44
Bl I 10.05 9.83 8.05 9.38 8.88
0 9.59 9.51 7.52 8.86 8.31
B2 I 9.91 9.21 9.15 9.80 9.41
0 9.44 8.76 8.81 9.51 8.62
Cl I 10.46 11.99 9.78 11.41 10.79
0 9.85 11.20 8.98 10.27 9.24
c2 I 10.00 10.58 10.79 11.90 11.44
0 9.22 9.58 10.15 10.97 10.96
DI I 13.13 14.09 11.89 13.69 13.42
0 10.83 12.37 9.04 11.11 8.76
D2 I 12,51 13.66 12.63 14.19 14.28
0 10.24 10.72 11.12 11.04 11.92
El I 11.19 11.24 11.26 12.07 11.36
0 10.13 10.48 10.23 11.13 10.40
E2 | 11.10 10.69 9.95 11.45 11.27
0 10.16 9.59 8.70 10.11 9.65
F I 11.26 11.92 12.26 13.39 12.58
0 10.07 10.48 10.54 11.49 10.48
F2 1 11.66 11.37 10.68 12.18 12.60
0 10.16 9.67 8.94 10.35 10.57
Gl I 11.58 12.26 13.34 14.86 14.04
0 10.18 10.80 11.13 12.77 11.29
G2 I 11.74 11.24 11.11 13.16 12.94
0 10.18 9.54 9.05 10.72 10.44

140



Appendix Table A (continued).

Group  1/0 9/25/91  10/16/91 10/25/91  11/06/92 11/13/91

Al I 11.12 10.89 11.39 10.88 -
0 10.08 9.87 10.03 9.43 9.37
A2 | 10.22 10.44 11.08
0 9.48 8.67 - - 9.78
Bl I 11.12 10.87 11.39 10.88 10.00
0 10.70 10.37 10.56 9.86 9.49
B2 I 10.12 10.44 11.08
0 8.99 9.44 - - 10.51
Cl | 12.36 13.10 13.51 12.28 11.67
0 11.81 11.11 12.00 10.95 11.00
c2 I 12.32 12.26 - 11.89 12.41
0 10.99 10.56 - 11.09 11.89
DI I 16.71 16.09 14.94 15.33 13.17
0 13.21 12.17 12.83 11.26 11.20
D2 I 13.48 13.87 15.73 16.29
0 10.11 10.42 - 12.33 14.07
El I 12.31 13.20 14.56 12.75 12.44
0 11.32 12.11 13.66 11.14 11.34
E2 I 12.82 12.54 - 12.83 11.65
0 11.32 11.17 - 11.67 10.24
FI I 14.30 15.19 15.47 13.47 13.39
0 11.82 12.08 13.05 10.63 11.24
F2 I 14.53 12.84 13.78 13.52
0 11.19 11.26 - 11.07 11.79
Gl I 15.52 16.74 17.69 13.66 13.84
0 13.21 13.35 14.68 10.95 12.04
G2 I 14.22 14.26 13.60 13.81
0 11.79 11.10 11.14 12.25
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Appendix Table A (continued).

Group 170 11/20/91 11/27/92 12/4/91 12/11/91  12/19/91
Al 1 10.59 11 .00 11.38 12.22 13.32
0 10.14 10.49 10.79 11.34 12.18
A2 I 11.84 11.50 11.39 11.14
0 11.18 10.97 10.61 10.61
Bl I 10.59 11.00 11.38 12.22 13.32
0 10.29 10.69 10.95 11.66 12.62
B2 | 11.84 11.50 11.39 11.14
0 11.73 11.12 10.79 10.61
Cl 1 12.15 11.71 12.44 12.41 13.75
0 11.41 11.56 11.83 12.01 13.52
c2 1 12.93 12.34 11.90 12.40
0 12.41 11.96 11.52 11.65
DI | 13.73 13.04 13.33 13.17 14.15
0 12.03 11.71 11.85 12.28 13.09
D2 I 15.96 14.24 13.75 13.88
0 13.45 13.10 12.05 12.80
El | 11.73 13.61 13.50 13.27 14.12
0 11.06 12.69 12.33 12.70 12.73
E2 1 13.84 13.67 13.08 14.39
0 12.90 12.75 12.17 12.33
Fl I 13.12 1461 13.78 14.54 14.08
0 11.23 12.69 12.07 12.67 12.31
F2 | 14.92 14.43 13.58 13.83
0 13.09 11.84 12.04 11.87
Gl | 13.46 15.35 14.29 15.03 14.89
0 11.93 13.35 12.32 13.09 12.96
G2 | 15.77 14.78 14.17 14.36 -
0 13.60 12.77 12,51 12.51 -
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Appendix Table A (continued).

Group 1/0 12/23/91 12/30/91 01/08/92  01/15/92  01/22/92
Al I 12.38 12.30 13.23 13.93 13.13
0 12.26 11.07 12.18 12.35 12.10
A2 1 12.99 13.14 12.80 13.43 13.27
0 11.93 12.22 12.07 11.71 12.54
Bl I 12.22 12.30 13.23 13.93 13.11
0 11.99 11.50 12.85 13.16 13.18
B2 1 12.99 13.14 12.80 13.43 13.27
0 12.66 12.61 12.41 12.70 13.35
Cl I 13.60 13.04 13.60 14.02 14.71
0 13.40 12.62 13.43 13.84 13.71
c2 I 13.70 13.84 14.56 14.76 15.10
0 13.30 13.43 14.30 13.63 14.44
DI I 14.00 13.78 15.11 16.82 14.13
0 12.78 12.01 13.90 13.80 12.63
D2 I 14.76 14.75 15.36 15.52 15.88
0 13.27 12.57 1456 13.47 15.10
El I 13.77 13.98 14.31 15.43 14.62
0 13.31 12.90 13.13 13.62 14.20
E2 I 14.39 14.38 14.64 14.99 15.71
0 13.16 13.06 12.78 12.77 13.81
Fl | 13.81 14.43 15.07 16.08 17.34
0 12.07 11.98 13.52 12.44 13.48
F2 | 15.01 14.35 14.76 16.12 16.99
0 13.18 12.38 13.12 12.90 13.33
Gl | 14.68 14.96 15.24 16.53 16.96
0 12.17 12.99 14.07 13.68 12.95
G2 | 15.71 14.40 16.21 16.32 18.21
0 12.73 12.75 14.72 13.91 15.10
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Appendix Table A (concluded).

Group 1/0 01/29/92 2/05/92 02/12/92 02/24/92
Al I 12.15 12.50 11.63 11.65
0 10.51 11.00 10.15 10.15
A2 I 11.83 12.35 10.97 11.42
0 10.72 10.91 7.85 10.11
Bl I 12.15 12.50 11.63 11.65
0 11.19 11.50 10.85 10.69
B2 I 11.83 12.35 10.97 11.72
0 11.03 11.64 9.92 11.02
Cl I 13.33 14.71 12.94 12.92
0 12.21 14.08 11.76 11.47
c2 I 13.98 13.71 12.61 12.61
0 12.58 12.41 9.77 11.07
DI I 14.66 15.54 15.10 14.59
0 11.40 13.80 11.74 12.01
D2 I 15.69 14.89 15.42 14.09
0 13.13 12.88 12.26 12.31
El I 14.71 15.20 14.34 13.54
0 12.97 13.28 12.28 11.66
E2 I 14.71 14.29 13.62 13.53
0 12.25 12.70 11.99 12.34
FI I 14.86 15.62 14.97 14.67
0 11.87 13.06 11.33 12.10
F2 I 14.40 15.22 16.00 15.58
0 11.57 12.21 12.60 12.09
Gl I 15.80 17.53 16.67 15.77
0 12.34 13.91 13.32 12.77
G2 I 14.83 16.12 17.08 16.42
0 12.01 12.88 13.14 12.49
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APPENDI X B

Di ssol ved gas pressures and tenperatures of inflow (1) and
outflow (0) fromexperinmental raceways at Wl lanette
Hat chery, 1993-1994

Goup /O Bar Tenmp C Pt % SAT PC2 Pt-pQ2 Do ppm
08/ 11/ 93

A I 735 12.6 743 101.6 153 590 14. 11
A 0 735 12.4 737 100. 6 138 600 9.34
A2 I 734 15.1 743 101.7 151 593 9.69
A2 0 734  14.7 735 100. 6 140 596 9. 06
Bl I 735 12.6 743 100. 6 153 590 9.90
Bl 0 735 12.5 742 101. 3 147 596 9.94
B2 I 734 15.1 743 101.7 151 593 9.69
B2 0 734 14.9 742 101.6 143 600 9.21
d I 735 11.8 736 100. 5 171 564 11.02
d 0 735 12.0 736 100. 6 160 578 11.01
c2 I 734  14.2 719 98.5 181 541 11. 83
c2 0 734 14.5 722 98. 8 170 552 11.05
Di I 735 11.5 720 98.2 222 506 14. 42
Di 0 735 11.6 716 97.7 170 546 11.78
D2 I 734 13.9 699 95.6 228 473 15. 00
D2 0 734  14.1 688 94.0 201 488 13. 17
El I 735 11.7 708 965.0 181 528 12. 49
El 0 736 11.7 702 95.6 173 529 11.94
E2 I 735 12.8 718 98.1 180 538 12.12
E2 0 734 13.0 710 97.1 167 544 11. 20
Fl I 736 11.7 689 03.8 201 486 13. 87
Fl 0 736 11.8 677 92.2 173 503 11.91
F2 I 734 13.2 706 96. 4 180 527 12. 02
F2 0 734  13.5 698 95.4 161 238 10. 68
d I 735 11.8 672 91.6 240 430 16. 52
a 0 735 11.5 661 70.1 209 454 14. 48
& I 735 13.7 687 93.9 217 472 14. 34
& 0 734 13.8 679 92.8 202 478 13. 32

145



Appendi x B (continued)

Goup 170 Bar Tenp C Pt % SAT pO2 Pt-p0O2 DO ppm
08/ 18/ 93

Al | 731  11.4 738  101.3 153 586 10. 63
Al 0 732 11.3 732 100. 4 143 591 9.95
A2 I 729 14.2 739 101. 8 149 590 9.74
A2 0 729 13.8 731 100.6 135 598 8.90
Bl | 731  11.4 738  101.3 153 586 10. 63
Bl 0 731 11.4 736 101.0 148 588 10. 28
B2 | 729 14.2 739  101.8 149 590 9.74
B2 0 729 14.0 738 101.7 143 596 9.39
d | 731 11.0 732 100. 5 167 567 11.70
d 0 732  11.1 734 100.6 161 573 11. 26
c2 | 729  13.3 713 98.1 182 531 12.13
c2 0 729 13.5 710 97.7 163 546 10. 82
Dl | 732 10.7 720 98. 8 190 532 13. 40
DI 0 732 10.7 715 98.0 175 542 12. 35
D2 | 730 12.8 703 96. 8 228 476 15. 36
D2 0 729 13.2 684 94.2 193 494 12. 89
El | 733 10.5 706 96.6 184 522 13. 04
El 0 733 10.5 700 95.9 172 529 12.19
E2 | 731 11.5 732 100. 5 179 556 12. 40
E2 0 730 11.6 723  99.4 162 563 11. 20
Fl | 733 10.6 685 93.8 201 485 14. 21
Fi 0 732 10.6 670 91.7 173 498 12. 23
F2 I 730 11.8 717 98.5 185 533 12. 74
F2 0 730 12.1 705 97.0 156 551 10. 67
d | 732 10.7 668 91.4 219 449 15. 45
€] 0 732 10.8 653 89. 3 189 464 13. 30
& | 730 12.6 689 94.8 191 499 12.92
& 0 730 12.8 684 94.1 165 520 11.11
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Appendi x B (conti nued)

Goup /O Bar Tenp C Pt % SAT po2 Pt-p0O2 DO ppm
08/ 25/ 93

Al I 737 10.0 743 101. 1 151 593 10. 82
Al 0 737 9.8 736  100. 2 142 593 10. 22
A2 I 736 11.6 745  101.6 150 596 10. 37
A2 0 736 11.4 715 97.6 138 579 9.58
Bl I 737 10.0 743 101.1 151 593 10. 82
Bl 0 737 9.9 741 100.9 145 597 10. 42
B2 I 736 11.6 745  101.6 150 596 10. 37
B2 0 736 11.5 738  100.8 144 596 9.98
d I 737 9.5 737  100. 2 172 567 12. 47
d 0 737 9.7 739  100.5 157 585 11. 33
c2 I 736 12.1 719 98. 2 182 539 12. 45
c2 0 736 12.4 715 97.6 165 551 11.21
Di I 737 9.4 728 99.1 194 536 14. 10
Dl 0 738 9.4 721 98.1 174 548 12. 64
D2 I 736 11.0 707 96.5 231 478 16. 19
D2 0 736 11.3 695 94.8 189 506 13. 16
El I 738 9.0 713 96. 8 184 530 13.50
El 0 738 9.0 705 95.9 169 538 12. 40
E2 I 736 10.0 737  100. 3 176 562 12. 61
E2 0 736 10.1 730 99.4 165 565 11. 80
Fl I 738 9.1 696 94.5 203 492 14. 85
Fl 0 738 9.2 682 92.6 174 509 12. 70
F2 I 736 10.3 723 98.5 182 542 12. 96
F2 0 736  10.5 713 97.2 165 550 11. 69
da I 737 9.3 673 91.4 215 458 15. 66
€] 0 737 9.3 657 89.3 194 463 14. 13
Q@ I 737 10.7 691 94.2 195 497 13.76
(€7 0 736 11.0 683 93.1 179 505 12. 54
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Appendi x B (conti nued)

Goup T70 Bar Tenp C H % SAT pO2 Pt-p0O2 DO ppm
09/01/93

A I 732 11.8 737 101.1 151 587 10. 40
A 0 732 11.6 728 99.9 140 588 9.68
A2 | 731 14.3 740 101. 7 150 593 9.79
A2 0 731 14.1 730 100. 3 134 596 8.78
Bl | 732 11.8 737 101.1 151 587 10. 40
Bl 0 732 11.8 732 100. 4 144 589 9.91
B2 | 731 14.3 740 101. 7 150 593 9.79
B2 0 730 14.3 736 101. 2 143 593 9.33
c | 732 11.5 731 100. 1 171 562 11. 85
d 0 732 11.5 731 100. 2 161 571 11. 16
c2 | 731 13.5 714 98.1 186 529 12. 34
c2 0 731 13.8 710 97.7 173 539 11.41
D | 732 11.3 717 98. 2 197 522 13. 71
Di 0 732 11.3 709 97.1 179 531 12. 46
D2 | 732 13.1 701 96. 3 233 470 15. 59
D2 0 732 13.4 681 93.5 189 491 12. 57
El | 734 11.0 707 96.9 186 521 13.03
El 0 733 11.0 697 95.5 170 526 11.91
E2 | 732 11.9 732 100. 4 176 556 12. 09
E2 0 732 12.1 718 98.5 159 560 10. 87
Fl | 733 11.0 685 03.8 200 484 14. 01
F 0 732 11.1 666 91.2 168 499 11.75
F2 | 732 12.3 715 98.2 178 539 12. 12
F2 0 731 12.5 702 96. 4 156 547 10. 58
d | 732 11.1 662 90.6 209 454 14. 61
a 0 732 11.2 646 88.4 180 466 12. 56
Q2 I 732 12.8 685 94.1 187 500 12. 60
(€] 0 731 13.0 674 92.5 167 510 11. 20
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Appendi x B (continued)

Goup I/O Bar Tenmp C Pt % SAT po2 Pt-pO02 DO ppm
09/ 08/ 93

Al I 735 13.2 742 101. 4 155 586 10. 35
Al 0 735 13.0 726 99.4 140 588 9. 39
A2 I 733 15.3 734  100.9 153 586 9.78
A2 0 732 15.3 715 98. 2 136 580 8. 69
Bl I 735 13.2 742 101. 4 155 586 10. 35
Bl 0 735 13.2 738  100.9 148 590 9. 88
B2 I 733 15.3 734 100.9 153 586 9.78
B2 0 732 15.4 733 100. 6 145 588 9.25
c I 735 12.6 730 99.7 177 555 11. 97
d 0 735 12.8 727 99.3 157 572 10. 58
c2 I 732 15.1 708 97.1 206 503 13. 22
c2 0 732 15.3 705 96. 8 183 523 11. 70
Dl I 735 12.3 712 97.2 226 482 15. 39
Di 0 735  12.7 693 94. 6 175 517 11. 81
D2 I 731 14.8 703 96. 6 238 467 15. 37
D2 0 732 15.1 667 91.5 197 471 12. 64
El I 737 12.2 712 97.0 186 523 12. 69
El 0 736 12.1 696 94. 8 174 523 11.90
E2 I 734 13.3 730 99. 8 187 544 12. 46
E2 0 733 13.5 716 98.0 165 551 10. 95
Fl I 736 12.1 685 93.3 203 482 13. 88
Fi 0 736 12.2 652 88. 8 162 491 11. 06
F2 I 733 13.8 708 97.1 186 524 12. 26
F2 0 733 14.0 691 94. 7 160 532 10. 51
€] I 735 12.2 663 90. 3 223 440 15. 22
€] 0 735 12.3 640 87.4 179 460 12.19
Q@ I 733 14.2 685 93.8 195 490 12. 75
(€7 0 732 14.2 664 91.0 164 500 10. 72
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Appendi x B (conti nued)

Goup I/O Bar Tenp C Pt % SAT pOo2 Pt-p02 DO ppm
09/ 15/ 93

Al I 733 11.1 740 101. 3 156 585 10.91
Al 0 733 11.0 727 99.5 138 591 9.67
A2 I 731 12.3 737 101. 2 151 588 10.28
A2 0 731 12.3 709 97.3 127 584 8.65
Bl I 733 11.1 740 101. 3 156 585 10. 91
Bl 0 733 11.1 735 100. 8 145 591 10. 14
B2 I 731 12.3 737 101. 2 151 588 10. 28
B2 0 731 12.3 730 100.2 144 588 9.81
d I 733 10.5 729 99.8 178 548 12.61
d 0 733 10. 6 729 99.8 163 569 11.53
c2 I 731 12.1 703 96.6 198 506 13.54
c2 0 731 12.3 701 96.2 179 522 12.19
D I 733 10. 4 705 96.6 227 482 16. 12
D 0 733 10.5 698 95.5 200 499 14. 17
D2 I 732 11.9 703 96.5 268 436 18. 41
D2 0 731 12.1 672 92.2 222 452 15. 18
El I 733 10. 4 721 98.5 182 538 12. 93
El 0 734 10.4 708 96.8 165 546 11.72
E2 I 732 11.3 726 99.5 185 543 12. 88
E2 0 731 11.4 713 97.9 162 552 11. 25
FI I 734 10. 4 697 95.3 204 493 14. 49
FI 0 733 10. 5 669 91.5 166 504 11.76
F2 I 732 11. 4 709 97.3 189 522 13. 13
F2 0 732 11.6 696 95.4 156 542 10. 79
a I 733 10. 6 677 92.4 280 397 19. 80
a 0 733 10.5 654 98.4 217 439 15.38
G2 I 732 11.8 685 94.0 247 440 17.00
G2 0 731 11.9 671 92.0 209 462 14.36
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Appendi x B (continued)

Goup I/0 Bar Tenp C Pt % SAT p02 Pt-p02 DO ppm
09/22/93

Al I 735 7.1 738 100. 7 152 588 11. 66
Al 0 734 7.0 730 99.6 140 592 10. 77
A2 I 733 9.6 740 101. 3 152 570 10. 99
A2 0 733 9.5 719 98. 6 136 585 9. 86
Bl I 735 7.1 738 100. 7 152 588 11. 66
Bl 0 735 7.0 735 100. 4 145 590 11. 15
B2 I 733 9.6 740 101. 3 152 570 10. 99
B2 0 733 9.6 735 100. 8 144 593 10. 42
c I 735 6.8 730 99.6 185 741 14. 30
c 0 734 6.9 731 99.8 166 565 12. 80
c2 I 733 9.3 709 97.1 202 508 14. 71
c2 0 733 9.4 707 97.0 188 520 13. 66
D1 I 734 6.6 708 96. 7 222 488 17. 24
D1 0 734 6.8 705 96. 2 201 506 15. 53
D2 I 732 9.2 710 97. 3 275 437 20.08
D2 0 733 9.3 692 94.8 220 463 16. 02
El I 737 7.2 713 97.1 193 521 14. 77
El 0 737 7.0 703 95.8 173 531 13. 31
E2 I 734 7.3 728 99.4 188 541 14. 36
E2 0 734 7.3 719 98. 3 164 557 12.52
F1 I 736 6.8 693 94.5 223 470 17. 24
F1 0 735 6.7 677 92.3 192 485 14.88
F2 I 733 7.5 717 98.0 197 520 14.97
F2 0 734 7.6 705 96. 4 169 539 12. 81
G1 I 734 6.7 672 91.6 274 399 21. 23
Gl 0 734 6.6 655 89. 3 237 420 18. 41
& I 734 7.8 696 95.1 234 462 17. 66
&2 0 734 8.1 682 93.3 221 461 16. 56
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Appendi x B (conti nued)

Goup I/O Bar Tenp C Pt % SAT po2 Pt-po2 DO ppm
10/06/93

A | 734 11.5 735  100.4 153 575 10. 60
A 0 734 11.5 723 98.7 137 588 9.49
A2 | 734 11.9 738  100.8 152 588 10. 44
A2 0 734 11.8 723 98. 8 140 583 9.64
Bl | 734 11.5 735 100.4 153 575 10. 60
Bl 0 734 11.5 729 99.6 144 586 9.98
B2 | 734  11.9 738  100.8 152 588 10. 44
B2 0 734 11.9 733 100. 1 146 588 10. 03
d | 734 11.1 725 99.1 184 541 12. 86
d 0 734 11.4 723 98.9 163 561 11. 32
c2 | 734 11.8 699 95.5 211 488 14.53
c2 0 734 11.8 699 95.5 197 502 13. 56
D1 I 733 11.1 707 96.6 202 495 14.12
D1 0 733 11.2 691 94.3 171 521 11.93
D2 I 734 11.8 700 95.5 273 429 18. 79
D2 0 734 11.8 659 90.0 204 455 14. 04
El I 734 10.4 722 98.8 174 550 12. 36
El 0 734 10.5 704 96. 2 151 556 10. 70
E2 | 735 11.6 732 100.1 184 544 12.72
E2 0 734 11.6 722 98. 6 166 557 11.48
F1 | 734  10.7 701 95. 8 211 490 14. 89
F1 0 733 10.7 680 92.8 162 518 11.43
F2 | 734 11.2 714 97.6 187 529 13. 05
F2 0 734 11.7 700 95.6 157 543 10. 83
G1 | 733 10.8 674 92.1 261 412 18. 37
Gl 0 733 10.8 649 88.7 190 460 13. 37
@ | 734 11.8 684 93.3 218 467 15.01
(€7 0 734 11.8 665 90. 8 187 479 12. 87
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Appendi x B (conti nued)

Goup I/O Bar Tenp C Pt $ SAT P2 Pt-p02 Do ppm
10/11/93

A I 732 10.1 743 101.7 152 591 10. 87
Al 0 732 10.0 736 99.9 140 596 10. 03
A2 I 732 10.8 745 102.1 151 594 10. 63
A2 0 732 10.6 715 98.1 134 581 9. 47
Bl I 732 10.1 743 101.7 152 591 10. 87
Bl 0 732 10.1 736 100. 8 145 591 10. 37
B2 I 732 10.8 745 102.1 151 594 10. 63
B2 0 732 10.7 739 101. 4 145 594 10. 23
d I 732 9.8 734 100. 6 175 559 12. 60
d 0 732 9.9 734 100. 6 167 567 12.00
c2 I 731  10.5 701 97.4 206 495 14. 60
c2 0 732 10.5 703 96. 4 181 522 12. 83
D1 I 732 9.7 709 97.0 206 503 14. 87
D1 0 732 9.8 693 94.9 171 522 12. 31
D2 I 732 10.2 718 98. 3 267 451 19. 05
D2 0 732 10.4 678 92.8 222 456 15.77
El I 732 9.4 723 99.1 182 541 13. 23
El 0 732 9.4 707 96. 9 160 547 11. 63
E2 I 732 9.6 733 100. 3 180 553 13.02
E2 0 732 9.6 723 99.0 165 558 11. 94
F1 I 731 9.5 696 95.3 209 487 15. 15
Fl 0 732 9.5 681 93.2 177 504 12. 83
F2 I 732 9.6 721 98.7 188 533 13. 60
F2 0 732 9.6 703 96. 2 171 532 12. 37
Gl I 731 9.5 673 92.1 245 428 17.76
Gl 0 732 9.6 647 88.5 213 434 15.41
(€] I 732 9.7 690 94.3 221 469 15. 95
@ 0 732 9.7 673 92.1 200 473 14. 43
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Appendi x B (conti nued)

Goup I/O Bar Tenmp C Pt % SAT pO2 Pt-p02 DO ppm
10/18/93

Al I 736 7.1 731 99.5 150 581 11.51
Al 0 737 7.9 725 98.9 136 589 10. 24
A2 I 736 8.7 729 99.5 151 578 11. 15
A2 0 736 8.6 724 99.0 141 583 10. 44
Bl I 736 7.1 731 99.5 150 581 11.51
Bl 0 736 8.1 727 99.2 146 581 10. 94
B2 I 736 8.7 729 99.5 151 578 11. 15
B2 0 736 8.7 728 99.2 144 584 10. 64
d I 737 7.7 722 98.3 178 544 13. 46
d 0 736 7.8 724 98. 8 164 560 12. 37
c2 I 736 8.3 725 99.0 202 523 15. 06
c2 0 736 8.6 724 98.8 193 531 14. 29
D1 I 737 7.5 711 96.9 198 513 15. 05
D1 0 737 7.6 712 96.9 172 540 13. 04
D2 I 735 8.2 732 99.7 262 470 19. 58
D2 0 736 8.4 726 99.1 212 514 15. 77
El I 738 7.7 732 99. 6 187 545 14. 14
El 0 737 7.7 708 96. 3 171 537 12. 93
E2 I 736 7.5 707 96. 3 178 529 13.53
E2 0 736 7.6 713 97.1 162 551 12. 28
F1 I 736 7.7 703 97.0 216 487 16. 34
F1 0 737 7.7 709 96.5 188 521 14. 22
F2 I 736 7.6 716 97.4 184 532 13. 95
F2 0 737 7.6 716 97.4 166 550 12.58
Gl I 737 7.8 704 95.8 244 460 18. 41
G1 0 737 7.8 691 94.0 216 475 16. 30
(€7 I 737 7.6 712 96. 9 208 504 15. 77
G2 0 736 7.7 709 96.5 192 517 14.52
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Appendi x B (continued)

Goup I/O Bar Tenp C Pt £ SAT pO2 Pt-p02 DO ppm
10/28/93

Al I 738 6.5 734 99. 8 152 582 11. 83
Al 0 738 6.4 737 98. 7 142 595 11. 08
A2 I 736 8.0 724 98.7 151 573 11. 34
A2 0 736 7.9 712 97.1 141 571 10. 61
Bl I 738 6.5 734 99.8 152 582 11. 83
Bl 0 738 6.5 731 99.3 148 583 11.52
B2 I 736 8.0 724 98. 7 151 573 11. 34
B2 0 736 8.0 717 97.8 144 573 10. 81
d I 738 6.2 720 97.7 177 543 13. 88
d 0 738 6.3 725 98.5 166 559 12.99
c2 I 735 7.8 706 96.3 199 507 15. 01
c2 0 736 8.0 708 96.5 190 518 14. 27
D1 I 738 6.0 709 96. 2 205 504 16. 16
D1 0 738 6.1 710 96. 4 170 540 13. 37
D2 I 737 7.6 710 96.8 259 451 19. 63
D2 0 737 7.7 699 95.2 208 491 15. 73
El I 740 6.8 719 97.5 190 529 14. 68
El 0 740 6.7 708 95.9 168 540 13. 02
E2 I 738 6.6 736 100.0 182 554 14. 14
E2 0 737 6.9 732 99.6 164 568 12. 64
F1 I 738 6.6 705 95.6 212 493 16. 47
F1 0 738 6.3 698 94. 6 184 514 14. 40
F2 I 737 7.0 731 99.4 188 543 14. 46
F2 0 737 7.4 726 98. 8 166 560 12. 65
Gl I 738 6.2 690 93.6 233 457 18. 27
Gl 0 738 6.0 681 92.3 200 481 15. 76
G2 I 737 7.5 719 97.8 189 530 14. 36
G2 0 737 7.5 707 96.3 173 534 13. 15
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Appendi x B (conti nued)

Goup I/0O Bar Temp C Pt % SAT pO02 Pt-p02 DO ppm
11/03/93

Al | 740 5.4 732 99. 2 151 581 12. 08
Al 0 739 5.3 725 98. 2 142 583 11. 39
Bl | 739 5.4 732 99. 2 151 581 12.08
Bl 0 739 5.4 729 98.7 147 582 11.76
d | 739 5.2 719 97.4 176 543 14. 15
a 0 739 5.3 724 98.0 169 555 13.55
c2 | 739 5.8 714 96. 3 196 518 15. 53
c2 0 739 5.9 713 96.6 187 526 14.78
D1 | 739 5.2 708 95.9 192 516 15. 44
D1 0 739 5.2 710 96. 3 172 538 13. 83
D2 | 739 5.7 714 96. 8 257 457 20.41
D2 0 739 5.8 708 95. 8 214 494 16. 95
El | 741 5.0 717 97.3 187 530 15. 11
El 0 741 5.0 709 96.0 168 541 13.58
E2 | 739 5.5 735 99.4 176 559 14. 05
E2 0 739 5.5 734 99. 4 165 569 13. 17
F1 I 741 5.0 706 95.6 207 499 16. 73
Fi 0 741 5.0 700 94. 8 180 520 14. 55
F2 | 739 5.5 733 99. 4 186 547 14. 84
F2 0 739 5.6 730 98.9 172 558 13. 69
Gl | 740 5.1 691 93.6 220 471 17.73
Gl 0 739 5.1 670 91.8 200 470 16. 12
Q | 739 5.6 723 97.9 199 524 15. 84
€7 0 739 5.7 712 96. 4 182 530 14. 45
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Appendi x B (conti nued)

Goup 1/0 Bar Tenp C Pt $ SAT pO02 Pt-p02 [p ppm
11/10/93

Al I 733 51 722 98.5 152 570 12. 25
Al 0 733 5.1 715 97.3 138 577 11.12
A2 | 733 5.2 723 98. 8 151 572 12. 14
A2 0 731 5.1 711 97.1 143 568 11. 53
Bl | 733 51 722 98.5 152 570 12. 25
Bl 0 733 5.1 718 97.7 143 575 11. 53
B2 I 733 5.2 723 98. 8 151 572 12. 14
B2 0 732 5.1 715 97.8 148 567 11.93
d | 733 4.9 711 96.9 179 532 14. 50
d 0 733 4.9 713 97.1 170 543 13. 77
c2 | 732 5.1 704 96. 3 184 520 14. 83
c2 0 731 5.1 706 96. 6 177 529 14. 27
D1 | 733 4.7 703 95.8 170 533 13. 84
D1 0 733 4.8 706 96.1 154 552 12.51
D2 I 733 5.0 707 96. 4 221 486 17. 86
D2 0 732 5.1 702 95.9 185 517 14.91
El | 736 4.7 716 97.4 173 543 14. 09
El 0 736 4.5 709 96. 6 163 546 13. 34
E2 | 733 51 725 99.0 172 553 13. 86
E2 0 733 5.2 723 98.7 158 565 12.70
F1 | 735 4.5 700 95.5 186 514 15. 22
F1 0 734 4.5 694 94.8 171 523 13.99
F2 I 731 5.2 722 98.6 172 550 13. 83
F2 0 732 5.2 719 98. 2 158 561 12.70
Gl I 734 4.5 687 93.6 200 487 16. 37
G1 0 734 4.5 677 92.3 168 509 13.75
(€] I 732 5.1 710 97.0 182 528 14. 67
(€] 0 733 5.0 704 96.1 168 536 13. 58
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Appendi x B (continued)

Goup I/O Bar Tenp C Pt g SAT pO02 Pt-p02 [p ppm
11/17/93

A I 734 6.0 724 98.6 149 575 11. 74
A 0 734 5.9 713 97.1 135 578 10. 67
A2 I 733 5.8 724 98.4 151 574 11. 96
A2 0 733 5.7 714 97.1 142 473 11. 28
Bl I 734 6.0 724 98.6 149 575 11.74
Bl 0 734 5.9 719 97.8 142 578 11. 22
B2 I 733 5.8 724 98.4 151 574 11. 96
B2 0 734 5.7 720 97.8 147 574 11. 67
d I 734 5.9 713 97.1 176 538 13.91
d 0 734 5.9 712 96.9 168 545 13. 27
c2 I 733 5.6 708 96. 3 179 530 14. 25
c2 0 733 5.6 710 96.5 171 540 13. 61
D1 I 734 6.0 709 96.5 173 536 13. 64
D1 0 734 6.0 711 96. 8 147 564 11. 59
D2 I 733 5.5 696 94.5 188 510 15. 00
D2 0 733 5.5 700 95.1 170 531 13. 57
El I 734 5.5 724 98.6 170 555 13. 57
El 0 734 5.5 716 97.5 160 558 12. 77
E2 I 733 5.8 727 98. 8 171 556 13. 54
E2 0 733 5.9 725 98.6 158 569 12. 48
F1 I 734 5.5 705 96. 2 184 523 14. 68
F1 0 733 5.5 696 94.8 163 533 13.01
F2 I 734 5.9 724 98.6 172 554 13.59
F2 0 734 5.9 720 98.0 158 563 12. 48
Gl I 733 5.5 684 93.0 195 488 15. 56
Gl 0 733 5.5 675 91.8 171 504 13. 65
(€7 I 733 6.0 709 96.5 182 528 14. 34
(€7 0 734 6.0 701 95.4 166 535 13. 08
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Appendi x B (conti nued)

Goup 170 Bar Tenp T Pt % GAT p02 Pt-p02 DO ppm
11/23/93

Al I 739 3.1 728 98. 3 156 575 13. 24
Al 0 739 3.0 721 97.8 146 578 12. 42
A2 I 740 3.0 728 98.1 151 580 12. 85
A2 0 740 3.1 721 97.1 144 579 12. 22
Bl I 739 3.1 728 98.3 156 575 13. 24
Bl 0 739 3.1 726 97.8 152 575 12. 90
B2 I 740 3.0 728 98.1 151 580 12. 85
B2 0 740 3.1 725 97.5 147 500 12. 47
c | 739 2.9 721 97.4 178 544 15. 18
d 0 739 3.0 721 97. 3 171 551 14. 55
c2 | 740 3.1 716 96. 4 176 541 14. 93
c2 0 740 3.1 718 96. 6 169 550 14. 34
D1 I 738 2.8 711 95.5 186 525 15.91
D1 0 739 2.9 723 97.9 156 568 13. 31
D2 I 740 3.1 713 96.1 183 531 15. 53
D2 0 740 3.1 713 96.1 165 549 14. 00
El I 739 2.9 726 98.2 174 554 14. 84
El 0 738 2.8 723 97.8 165 559 14. 11
E2 | 739 3.1 732 98.6 170 564 14. 42
E2 0 739 3.1 730 98.4 161 571 13. 66
F1 I 738 2.8 715 96.5 187 528 15. 99
F1 0 738 2.8 708 95.4 172 536 14. 71
F2 I 739 3.1 729 98. 3 176 556 14. 93
F2 0 739 3.2 127 98.1 160 568 13.54
Gl I 738 2.8 698 93.9 200 498 17. 10
Gl 0 738 2.8 690 92.8 182 508 15. 56
&2 I 740 3.2 718 96. 8 185 535 15. 66
&2 0 740 3.1 708 95.4 170 539 14. 42
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Appendi x B (conti nued)

Goup 170 Bar Tenp C Pt $ SAT pO2 Pt-p02 DO ppm
12/01/93

A I 735 55 729 98.9 150 579 11.97
Al 0 736 5.4 722 97.6 141 581 11.28
A2 I 739 5.9 728 98.2 151 577 11.93
A2 0 738 5.8 719 97.0 144 575 11.41
Bl I 735 55 729 98.9 150 579 11. 97
Bl 0 736 5.4 729 99.0 146 583 11. 68
B2 I 739 5.9 728 98. 2 151 577 11.93
B2 0 739 5.9 723 97.6 146 577 11.54
d I 736 5.4 720 97.5 175 545 14. 00
c 0 736 5.4 720 97.5 167 553 13. 36
c2 I 737 5.7 713 96.4 177 536 14. 05
c2 0 738 5.8 716 96. 8 171 545 13.54
D1 I 736 5.4 715 96. 9 175 540 14. 00
D1 0 736 5.4 717 97.1 148 569 11. 84
D2 I 736 5.6 708 96.0 183 525 14.57
D2 0 736 5.6 707 95.9 164 543 13. 06
El I 736 5.3 732 99.4 170 562 13. 63
Ei 0 737 5.3 724 98.14 160 564 12.83
E2 I 736 5.5 729 08. 8 171 558 13. 65
E2 0 736 5.5 726 98.5 153 573 12. 21
Fl I 736 5.3 717 95.8 185 532 14. 84
F1 0 736 5.3 704 95.8 165 539 13. 23
F2 I 735 5.5 723 98.1 169 554 13. 49
F2 0 735 5.6 720 97.6 154 566 12. 26
Gl I 736 5.4 694 94.3 191 503 15. 28
Gl 0 736 5.4 683 92.7 175 508 14. 00
& I 736 5.6 708 95.8 178 530 14. 17
(€} 0 736 5.6 703 95.2 165 538 13.13
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Appendi x B (conti nued)

Goup I/O Bar Tenp C pt % SAT pO2 Pt-p02 DO ppm
01/21/94

Al | 733 5.3 737 100. 8 153 584 12. 27
Al 0 733 5.1 729 99.5 145 584 11. 69
A2 I 732 6.1 734 100. 4 152 584 11. 95
A2 0 731 5.9 721 98.7 141 580 11. 14
Bl I 733 5.3 737 100. 8 153 584 12. 27
Bl 0 733 5.1 733 100. 1 148 586 11. 93
B2 | 732 6.1 734 100. 4 152 584 11. 95
B2 0 731 6.0 731 100.0 148 584 11. 67
d I 733 5.0 731 99. 8 172 559 13.90
c 0 733 5.1 729 99.5 164 565 13. 22
c2 I 731 5.8 720 98.5 178 543 14. 10
c2 0 731 5.8 716 97.9 172 545 13. 62
D1 | 733 4.9 729 99.6 173 557 14. 02
D1 0 733 5.0 717 98.0 153 564 12. 36
D2 | 731 5.7 728 99.5 181 548 14. 37
D2 0 731 5.7 718 98. 3 166 553 13.18
El | 732 4.7 725 99.1 173 552 14. 09
El 0 732 4.7 716 98.0 164 553 13. 35
E2 I 733 5.5 732 100.0 172 560 13.73
E2 0 732 5.5 723 98.9 160 564 12. 77
F1 | 731 4.8 697 95.4 188 510 15. 27
F1 0 732 4.8 687 94.0 161 525 13.08
F2 | 732 5.5 720 98. 4 174 547 13. 89
F2 0 732 5.5 711 97.3 152 559 12. 13
Gl I 732 4.8 674 92.1 199 475 16. 16
Gl 0 732 7.8 650 88.9 177 474 13. 35
Q@ I 732 5.6 689 94. 2 180 509 14. 33
(€7 0 731 5.6 679 92.8 168 511 13. 37

161



Appendi x B (continued)

Goup /O Bar Tenp C Pt % SAT pOo2 Pt-p02 DO ppm
01/26/94

Al I 734 3.8 737 100.6 153 584 12. 75
Al 0 734 3.7 731 99.6 147 584 12. 28
A2 I 734 4.4 7.6  100.6 152 585 12. 47
A2 0 734 4.4 731 99.9 145 586 11. 90
Bl I 734 3.8 737 100.6 153 584 12.75
Bl 0 734 3.8 733  100.1 148 586 12. 33
B2 I 734 4.4 7.6 100.6 152 585 12. 47
B2 0 734 4.4 734 100.3 149 586 12. 22
d I 734 3.6 731 99.7 175 557 14. 66
d 0 734 3.7 730 99.6 164 566 13.70
c2 I 734 4,2 722 98.6 184 540 15. 17
c2 0 734 4.3 718 98.0 170 548 13.98
D1 I 734 3.6 728 99. 2 181 548 15. 16
D1 0 734 3.6 719 98.1 157 563 13. 15
D2 I 734 4,2 729 99.6 183 548 15. 09
D2 0 734 4.2 735 99.1 170 555 14. 02
El I 735 3.6 725 99.0 172 553 14. 40
El 0 735 3.6 720 98. 2 159 561 13. 32
E2 I 734 3.8 732 99.9 169 562 14. 08
E2 0 734 4.0 728 99.4 159 159 13.18
F1 I 734 3.6 697 95.1 187 510 15. 66
F1 0 734 3.6 688 93.8 168 520 14. 07
F2 I 734 4.0 724 98.9 174 174 14. 42
F2 0 734 4.0 718 98.0 161 558 13. 35
Gl I 734 3.6 670 91.4 198 472 16. 58
Gl 0 734 3.6 656 89.4 182 473 15. 24
(€7 I 734 4.1 690 94.2 183 507 15. 13
(€] 0 734 4.1 682 93.1 172 510 14. 22

162



Appendi x B (conti nued)

Goup 1/0 Bar Tenmp C Pt $ SAT p02 Pt-p02 Do ppm
02/02/94

Al | 734 2.1 735 100. 2 152 582 13. 24
A 0 734 2.0 730 99.6 147 583 12. 84
A2 | 731 2.7 734 100. 6 152 583 13. 03
A2 0 730 2.6 728 99.8 144 586 12. 38
Bl I 734 2.1 735 100. 2 152 582 13. 24
Bl 0 734 2.1 732 99.9 148 585 12. 89
B2 | 731 2.7 734 100. 6 152 583 13.03
B2 0 731 2.6 732 100. 3 148 585 12. 72
c I 734 1.9 729 99.3 170 560 14. 89
c 0 734 1.9 730 99.5 167 563 14. 63
c2 I 732 2.4 721 98.8 176 546 15. 21
c2 0 731 2.5 721 98. 8 172 550 14. 83
D1 | 735 2.0 727 99.1 170 556 14. 85
D1 0 734 2.0 722 98.3 161 561 14. 06
D2 I 732 2.3 726 99.3 190 538 16. 46
D2 0 731 2.4 723 99.0 170 553 14. 69
El | 737 2.1 725 98.7 174 552 15. 16
El 0 736 2.1 722 98.1 167 555 14.55
E2 | 734 2.1 728 99.5 169 560 14.72
E2 0 734 2.1 725 98.9 160 565 13. 94
F1 | 736 2.1 698 94.9 182 515 15. 85
F1 0 736 2.1 691 93.9 164 527 14. 29
F2 | 733 2.2 721 98.6 171 551 14. 86
F2 0 733 2.2 715 97.7 159 557 13.81
Gl | 736 2.1 674 91.7 188 485 16. 38
Gl 0 735 2.1 659 89.8 168 491 14. 64
e | 733 2.3 689 94,2 178 511 15. 42
(€% 0 733 2.3 683 93.3 168 515 14. 56
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Appendi x B (continued)

Goup /O Bar Tenp C Pt % SAT pO2 Pt-p02 DO ppm
02/09/94

Al I 734 3.0 735 100. 3 152 583 12.93
Al 0 733 2.9 728 99.3 142 585 12. 11
A2 I 734 3.5 738 100. 7 151 587 12.68
A2 0 734 3.4 730 99.5 143 586 12. 04
Bl I 734 3.0 735 100. 3 152 583 12.93
Bl 0 734 2.9 731 99.8 146 585 12. 45
B2 | 734 3.5 738 100. 7 151 587 12. 68
B2 0 734 3.4 734 100. 1 147 588 12. 38
d I 733 2.8 730 99.6 170 560 14. 54
c 0 734 2.9 728 99.4 164 564 13.99
c2 I 734 3.4 722 98.5 177 545 14. 90
c2 0 734 3.4 719 98. 2 171 549 14. 40
D1 I 734 2.8 729 99.4 175 552 14. 97
D1 0 734 2.8 726 99.0 163 563 13.94
D2 | 734 3.3 728 99.3 193 535 16. 29
D2 0 734 3.3 722 98. 6 172 552 14.52
El I 734 2.7 721 98.5 172 549 14. 75
El 0 734 2.7 719 98. 2 164 556 14. 06
E2 I 734 3.0 731 99.7 171 560 14. 55
E2 0 734 3.1 725 98.9 162 563 13. 75
F1 I 734 2.7 696 95.0 179 517 15. 35
F1 0 734 2.7 687 93.8 159 529 13. 63
F2 | 734 3.2 724 98.8 172 551 14. 56
F2 0 734 3.2 718 97.9 153 565 12. 95
Gl I 733 2.8 674 91.9 186 487 15.91
Gl 0 733 2.8 657 89.7 166 491 14. 20
@ | 733 3.3 690 94.2 177 512 14.94
@ 0 733 3.3 684 93.3 166 518 14. 01
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Appendi x B (conti nued)

Goup I/0 Bar Tenp C Pt % SAT po2 Pt-po2 DO ppm
02/16/94

Al I 721 4.6 736 100. 9 154 573 12. 57
Al 0 721 4.5 717 99.6 140 577 11. 46
A2 I 718 5.6 721 100. 8 150 571 11.94
A2 0 718 5.5 715 99.8 143 573 11. 41
Bl I 721 4.6 736 100.9 154 573 12. 57
Bl 0 721 4.6 719 99.9 143 577 11. 67
B2 I 718 5.6 721 100.8 150 571 11. 94
B2 0 718 5.5 718 100.3 147 572 11.73
d I 722 4.4 720 100 173 547 14. 19
d 0 721 4.4 720 100 167 553 13.7
c2 I 718 5.5 707 98.7 176 538 14. 05
c2 0 718 5.5 705 98.3 170 532 13. 57
D1 I 722 4.2 716 99.4 176 541 14. 51
D1 0 722 4.3 710 98.7 161 550 13. 24
D2 I 718 5.4 712 99.4 182 531 14. 56
D2 0 718 5.4 702 98 164 537 13.12
El I 723 4.1 711 98.6 174 537 14. 39
El 0 723 4.1 705 97.7 166 539 13.72
E2 I 719 4.9 718 100. 1 168 550 13. 61
E2 0 719 5.0 713 99.4 161 553 13. 01
F1 I 722 4.1 684 94.8 182 502 15. 05
F1 0 722 4.1 674 93.4 165 509 13. 64
F2 I 719 5.1 708 98.8 172 538 13. 86
F2 0 718 5.2 699 97.6 153 546 12. 3
G1 I 722 4.2 658 91.2 188 471 15.5
G1 0 721 4.2 645 98.5 168 478 13. 85
G2 I 718 5.3 674 93.9 174 500 i 3.96
& 0 718 5.3 664 92.6 159 505 12. 75
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APPENDI X C

Water Chemistry Data Collected at Dexter Holding Pond, 1993-1994.
Suspended solids are in mg/L, anmoni a i s ug/L, and al kal'rnity

Is in ppm

pH Suspended sol1ds Amoni a Al kalinity
Dat e Intlow Quttlow [|'nfTow Quttlow I'nfTow Qut fTow
10/19/93 1. 24 7. 21 T.0 1.2 0.04 0.12 27.5
12/10/93 7.63 7.58 1.7 2.2 0.10 0.14 28.1
01/14/94 7. 45 7.44 1.7 2.3 0.16 0. 14 26. 3
01/28/94 7. 43 7. 44 0.8 1.3 0.12 0.12 - - -
02/11/94 7.31 7.32 1.6 2.2 0. 07 0.12 25.7
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APPENDI X D

Di ssol ved Gas Readings Taken at the Inflow (1) and Qutflow (0)
of Dexter Holding Pond, 1993-1994.

Dat e /0 Bar Tenp Pt % Sat po2 pt - p02 ppm
10/19/93 | 758 11.1 733 95. 4 134 601 9. 37
0 760 11.1 728 95.4 131 597 9. 16
01/28/94 | 755 6.0 749 99.5 149 602 11.74
o 755 6.0 742 98.6 148 595 11. 67
02/11/94 1 757 5.1 743 98. 4 156 588 12. 57
0 757 5.1 737 97.6 146 590 11. 77




