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ABSTRACT

Upriver bright fall chinook sal mon (Oncorhynchus tshawytscha) are

being reared in a backwater and a pond al ong John Day Reservoir to

eval uate the benefits of rearing fish and releasing themoff-station
conpared to traditional hatchery procedures. Fish reared in net pens

at a density/feeding conbination judged to be the econom ¢ optinmum of
those used during 1984 rearing trials exhibited good growh and snolt
devel opnent.  Size of fish averaged 112 fish/lb (4.0g/fish), ATPase
activities ranged from 16.4 to 29.5 mcronoles Pi/ng prot/hr at release
and total nortality of fish was |ow among pens, ranging from 0.3 to 1.1%

Poor growth and smolt devel opment was observed in fish reared in a
large barrier net, especially during the initial two weeks after
stocking. In addition, nortality of fish in the barrier net was high
(49% in relation to any of the other treatnents tested thus far. The
combi ned effects of generally poor condition of fish at stocking, |ow
zoopl ankton densities during the initial two weeks of rearing, and
| osses to predation were thought to be the prinmary causes of the slow
growh rates and high nortality.

Unfed fish in pens utilized the available natural food base, but
zoopl ankton densities were apparently not sufficient for growh, and
may have been marginal for sustenance, especially at higher density.
ATPase activities at release were significantly higher in |owdensity
pens than in higher density pens, but devel opnent at all densities was

retarded when conpared with ATPase activities of fed fish.



Prelimnary cost estimates for producing fish-using the rearing
strategi es developed in the current pen-rearing study conpared favorably

with the average costs of rearing salmonids in a Northwest hatchery.



INTRODUCTION

In 1983 the Bonneville Power Admnistration contracted the US
Fish and Wldlife Service to conduct a study to evaluate the
feasibility of rearing and inmprinting juvenile fall chinook (upriver

bright) sal mon (Oncorhynchus tshawytscha) in backwaters and ponds

adj acent to the Colunbia River. Chjectives of the study are to

1) Determne densities and feeding rates for rearing fish in
encl osures in backwaters and ponds and to conpare off-station
rearing success with that in a hatchery;

2) Determne the optimumduration and time of release for off-
station reared fish;

3) Rear and release fish and determne the contribution of
returning adults to the Colunbia River fishery;

4) Evaluate cost-benefit of backwater and acclimation pond

rearing and devel op a management plan for |ow capital salnmon

production prograns.

In 1983, after surveying all potential rearing |ocations from
Priest Rapids Damto John Day Dam a backwater, Rock Creek (river km

367 ), and a man-made pond, Social Security Pond (river km 468) were

selected as the sites best suited for the study (Novotny et al. 1984).
In 1984 fish were reared at both sites at various densities and feeding
rations to determne an optinmum density/feeding conbination for future

rearing trials (Novotny et al. 1985). Additional rearing trials in



1984 evaluated the feasibility of rearing fish at low density in a
backwat er environnment without providing supplemental food

In 1985 fish were reared at both sites using the densities and
feeding rates developed in the 1984 rearing trials. This was the first
year of three years designated for rearing and releasing production
level quantities of replicated, coded-wire-tagged groups. A conparison
of our rearing success with traditional hatchery-based fish culture
will be conpleted by evaluating adult returns to the rearing sites and

to the fishery.



METHODS

Fish were reared at Rock Creek (RC), a backwater |ocated 20 km
upstream of John Day Dam and Social Security Pond (SSP) an artificia
pond |ocated 123 km upstream of John Day Dam near the tailrace of
McNary Dam

Vater Quality

Tenperature and dissol ved oxygen profiles were recorded at both
rearing sites at weekly intervals from md-Mrch until the first week
of June. Additional tenperature readings were taken on a near-daily
basis at a depth of one neter at both areas. Selected water quality
paraneters, including alkalinity, un-ionized ammonia, nitrate/nitrite
nitrogen, orthophosphate, total iron, total manganese, and tota
organic carbon were measured prior to stocking and at release. \Wter
quality sanples were transferred to a consulting chem cal |aboratory

for analysis.

Zoopl ankt on

Zoopl ankton sanples were collected weekly at SSP and RC using a
Wsconsin tow net (.075 mm aperature). Sanpling began when fish were
stocked and continued until all fish were released from respective
sites. Sanples were taken fromwithin and from outside the net pens
(fed fish) at SSP and RC and fromwthin the barrier net at RC



Wlcoxon's paired sanple test (Zar 1984) was used to test differences

between densities within and outside of pens

Fish Rearing

Eggs collected from upriver bright fall chinook salmon by the
Oregon Department of Fish and Wdllife in Decenber 1984 were
transferred to Spring Creek National Fish Hatchery (SCNFH) for
incubating, hatching, and initial rearing. Early broods of fry
intended for pen rearing studies, were lost in a hatchery epizootic
caused by bacterial gill disease which occurred in early March. This
devel opment necessitated the use of a later brood of fry which were not
available for outplanting until md-April.

At each rearing site two groups of about 110,000 fish were stocked
in twelve net pens at a density of about 430 g/nB (at stocking) and a
feeding ration of 3-4% body weight/day. Net pens were 6.1 mx 6.1 mx
2.1 menclosing 79 nf of rearing area and were fitted with 4.8 nm mesh
netting. Fish in each group were coded-wire tagged with separate codes
and transported to rearing sites during the second and fourth weeks of
April at a size of 1.3-1.5 g/fish (304-342 fish/lb).

Transfer of fish to SSP and RC during the second week of April was
interrupted by an increase in surface water tenperatures. The increase
in tenperature delayed stocking of the second of two groups of 110,000
fed fish at both sites. Stocking the second groups of fish was further
del ayed by a reaction of the fish to nedication in the hatchery.

Therefore, stocking dates between replicates were separated by 11 days



at both sites, resulting in an "early" and "late" group of fish, rather
than replicates. Fish were released fromnet pens at SSP on My 16 and
17 and at RC on May 20.

A barrier net enclosing about 0.6 hectare (volume ~~ 19,000 nf at
m ni mum pool ) was installed at RC for rearing of two groups of
coded-wire tagged fish (replicates) wth about 125,000 fish in each
group. Fish were stocked in the barrier net on April 24 and 25 at a
| oading density of 16 g/m8 (.001 Ib/ft3) and at a size of 1.5 g
(304/1b). Fish in the barrier net were not fed and fish predators
within the enclosure at the tinme of installation renained throughout
the rearing period. Harrier net fish were released on June 11.

Nunbers of fish released were estimated using a Peterson formula
(Chapman version from R cker 1975) applied to a mark-recapture exercise
at the conclusion of the holding period (Appendix 1).

To evaluate the potential for transfer and rearing fish at an
earlier stage of devel opnent about 9,200 fish were transported to RC at
about (0.6 g/fish (760/1b) on March 25 and stocked in a small-mesh
(3.2 m) net pen; these fish were not coded-wire tagged. The fish were
later divided into three groups and reared unfed in net pens at
densities of 32 g/nf, 64 g/, and 128 g/nf with one replicate of each.
A summarization of the schedule for the 1985 studies is included in
Appendi x 2.

A control group of fish for conparison of growh and physiol goical
condition of off-station-reared fish with hatchery-reared fish was
monitored at SCNFH, the natal hatchery. Two coded-wire tagged control

groups of approximately 85,000 each (replicates) were released from



Little Wite Salnon National Fish Hatchery (LWENFH) for return
conparison with fish reared off-station (Appendix 3).

Additional information about rearing |ocation, morphonetry of the
rearing sites, methodol ogies, and study design can be found in Novotny
et al. 1984 and Novotny et al. 1985.

Length and weight measurements of fish were taken once every two
weeks from stocking through release for adjustment of feeding rates, or
evaluation of growh and physiological development. G| sanples were
transferred to the National Marine Fisheries Service Agquaculture Field
Station, Cook, Wshington for deternination of gill Nat+-K+ ATPase
activity using methods of Zaugg (1982).

Mrtality of fish in pens was nonitored daily by observation
carcass counts were conpleted when pens were crowded for collecting
fish for length and weight sanpling. Instantaneous growth rates

W
(G = logg W, - log, W, X 1000) and condition factors (K = ? X 107)

ver e deternigéd for off-station reared fish, as well as hatchery fish,
at two-week intervals. Sanples of fish for routine disease checks were
collected fromall treatnments at the md-point of the rearing period
and at release. Sanples were transferred to the Lower Columbia River
Fish Health Center for a health check and detection of disease
(Appendi x 4).

Stomachs of 5-10 fish were collected biweekly from each of the net
pens and the barrier net in 1984 and 1985 to estimte percent
conposition and frequency of occurrence of najor food itens.

Goups of fish fromthe fed treatments at both rearing sites were



subjected to a 24-hr seawater challenge at release. An overview of the
net hods and results of the seawater challenge are included in Appendix
5.

One-way anal yses of variance (ANOVA) were used to conpare growh
of early and late groups of fed fish, growh anmong fed fish in pens and
the hatchery, and grow h/ATPase activity among unfed fish in pens. A
two-way ANOVA was used to analyze the results of the 24-hr seawater
challenge. If significant differences were indicated by an ANOVA a
Newman- Keul s multiple range conparison (Zar 1984) or a planned
conparison analysis (Sokal and Rohlf 1969) were used to conpare
differences among neans

Rearing costs tested thus far were conpared with expenses for
rearing juvenile salnon in northwest hatcheries using efficiency
ratios devel oped by Stephen B. Mthews, PhD., U of Washington (Senn
et al. 1984). The efficiency ratios apply Present Value Theory, which
has been devel oped by economsts as a means of conparing alternative
cost strategies, to conpare various rearing scenarios in terms of
a common denom nator. The method accounts for all types of rearing
scenarios, densities, and periods of use for each system A
di scounting factor, which incorporates a discounting rate (the
prevailing rate of interest for borrowing or lending), relates costs or
benefits, which may be realized in the future, to a present-day cost
estimate (for a more conplete explanation please refer to pages 249-265
in Senn et al. 1984).

Accurate cost conparisons can not be made until the optimum

rearing density and mean survival rate is determned after three years



of production level rearing, adult return data-are included, and

expenses are nodified with additional data. Therefore, these cost
conparisons nust he considered as prelimnary and presented only to
document that in general pen rearing costs are simlar to hatchery

rearing costs.

Adult recovery

Met hods for collection of returning precocious males from Brood
Year 1983 (released in My and June 1984) were evaluated in Cctober
and Novenber. A large Lake Erie-type trap net (5 .1 cmbar mesh, 2.5 m
X 46 mlead, and 2.5 mx 15 mwngs) a Merwin trap net (1.6 cm bar mesh,
9 mx 46 mlead, and 9 mx 9 mwngs) , gill nets (6.4 cmbar nesh), and a
wei r extending across the width of the stream (~~ 9 n) were tested at
RC.  Two weirs, one extending across the release channel below SSP, and
anot her constructed 0.4 km upstream in an adjoining channel, were used

to collect returning jack salmon at SSP.

10



RESULTS

Water Quality

Climtic conditions in the rearing areas during 1985 increased
water tenperatures nore rapidly than previously observed (Novotny et
al. 1984, 1985). Surface tenperatures rose above 15.6°C (a critica
|l evel determned in 1984 studies) at SSP and approached this
temperature at RC by md-April (Fig. 1). Air tenperatures noderated
within a few days, resulting in the cooling of water tenperatures at .
both rearing areas. The warmng of the pond and backwater was
primarily confined to the surface layer, with underlying strata
remaining below 15-16°C (Tables 1 and 2). However, water tenperatures
at both locations remained near 14-16°C beginning the first week of My
and continued through release of fed fish. Sustained water
tenperatures above 15.6°C, extending to a depth of 4-6 m were recorded
frommd-My through the remainder of the periods of observation at
both |ocations.

Di ssol ved oxygen concentrations at both areas remained above 10.0
ng/liter at maximum net-pen depth (approximately 2 m throughout the
study (Tables 1 and 2). Dissolved oxygen readings taken before
daylight were simlar to those taken at the same depths during daylight
hours.  Lower concentrations were observed at 6-8 mbut concentrations
below 6.0 my/liter were rarely observed at either site

Water quality conditions in the rearing areas during 1985, as

indicated by seven parameters (Table 3), were simlar to conditions

11
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Table 1. Tenperature and dissolved oxygen profiles in the water colum at Social Security Pond,
1985.

Sanple Date

314 3122 329 43 411 419 424 5/1 5/9 5/13  5/17 6/ 4

Tenperature (C)

Surface 9.0 8.0 7.5 11.0 140 11.5 11.0 17,5 16.9 17.4 10.0 19.1
2m 6.5 8.0 7.5 11.0 13.8 11,5 11.0 145 149 149 17.0 19.0
4m 5.7 7.9 7.5 10.5 10.3 1.5 11.0 115 13.8 140 150 16.8
6m 5.0 7.8 7.0 8.5 9.7 11.5 11.0 10.5 12.2 13.4 140 16.5
D.Q 1
Surface 15,2 13.0 14.2 14.4 13.6 10.0 11.6 124 13.2 11.4 125 10.2
2m 15.4 131  14.4 4.4 13.8 10.0 11.4 12,6 13.8 11.4 12.8 10.0
4m 13.6 13.2 14.4 13.9 120 10.0 11.6 9.2 12.0 9.2 11.9 8.2

6m 12.4  13.2 14.4 11.6 9.0 10.0 11.2 6.0 6.0 7.0 4.7 1.4
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Table 2. Tenperature and dissolved oxygen profiles in the water colum at Rock Creek, 1985.

Sanpl e Date
325 42 4111 4/16 4/26 5/3 5/10 5/17  5/24 5/31  ¢/6 6/ 11
Tenperature (C)

Sur f ace 7.5 111 13.3 13.3 10.8 140 13.5 16.6 19.4 171 17.8  19.6
2m 6.0 10.9 12.0 13.2 15.6 18.4 15.8 17.7 17.1
4m 5.5 - - --- 9.9 11.0 11.9 13.7 14,9 15.2 16. 8 16.1
6m 5.0 -— -— --- 9.4 10.0 11.6 12.6 13.9 146 157 15.9

7-8m --- -— _—— --- 8.9 10.0 11.4 12.5 === 13.8
D. O /1

Surface 1.6 -~ 103 --- 108 120 118 110 99 99 88 10.1
2m 11.4 ---10.0 --- 1007 10,2 1. 11.3  10.3 10.0 8.6 7.5
4m 11.4 --- 101 - 9.6 8.4 10.2 9.7 10.5 8.9 8.3 6.8
6m 11.6 --- 10.6 - 8.9 8.2 8.5 7.8 6.6 7.8 6.3 6.8

7-8m "o === 10.6 e 7.8 8.2 5.6 e e 5.2




Table 3. Selected water quality parameters at Social Security Pond and
Rock Creek during pen rearing study, 1985. (all values
expressed as rrg/llters)

Ssp RC
4/11 521 4111 5/ 20

Buffering capacity

Alkalinity as CaQ0, 89.0 63.0 53.0 73.0
Nutrient concentration

Nitrate + nitrite as N 330 . 047 130 . 053

Ot hophosphate as P 011 . 006 . 033 012

Organic carbon (total) 4.2 57 3.4 2.5
Products of anaerobic activity

Iron (total) .56 .34 87 .18

Manganese (total) 019,086 . 050 . 028

Ammonia as N (un-ionized) <02 <02 <. 02 <. 02

15



observed in 1983 and 1984 (Novotny et al. 1984, 1985). No mmjor
changes were observed in these parameters either between years or
during the rearing period. Generally, both areas were adequately
buffered (alkalinity > 20 mg/liter); were considered typical for
noderately productive fresh water based on nutrients available for
assimlation (nitrogen 0-10 ng/liter, orthphosphate .005-.020 ng/liter
organic carbon 1-30 ng/liter); and did not reflect tendencies toward
high rates of anaerobic contamnation or deconposition (un-ionized
ammonia < .02 my/liter; total iron < 1.0 ng/liter; total manganese

< .10 ng/liter) (Boyd 1979; Krenkel and Novotny 1984; Environnental
Protection Agency 1976). Iron and manganese concentrations were
sonewhat higher than recomended for fish culture in hatcheries (iron <
0.1 ng/liter; manganese < .01 my/liter) (Senn et al. 1984), but were
within limts recorded at various other locations within the mainstem

Colunbia River and its tributaries (U S. Geological Survey 1985).

Zoopl ankt on

Zoopl ankton densities were low in both rearing areas when fish
were stocked but densities increased progressively over the rearing
period (Fig. 2). Densities were slightly higher at SSP than at RC, but
general trends during the course of the rearing period were simlar at
both areas. Hghest zooplankton densities at both RC and SSP occurred
after release of fish from pens.

There were significantly nore zooplankters (P < 0.05) in areas

outside of net pens than within them at both rearing locations (Fig.

16
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Figure 2.. Zooplankton densities within (e——e) anda outSide of

(0---——8) NEl pens at Social Security Pond and Rock Creek, and the

barrier net at Rock Creek during pen-rearing stud| es, 1985.
Stocking and release dates are represented by arrows
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2).  \ile zooplankton densities tended to increase outside of the
pens, densities within the pens remained the same or decreased
Densities of zooplankton within the barrier net were simlar to those
taken outside of the net during the first three weeks of the rearing
period.  However, zooplankton nunbers were highest (about 200/liter) in
the barrier net during the final 2-3 weeks of rearing

Mean nunbers of zooplankton for the entire rearing period were
hi gher outside than inside of pens at both |ocations. Large-sized
organi sms (cyclopoids, calanoids, and daphnids) were |ess abundant
Wi thin pens containing fish which were fed while smaller-sized
zoopl ankters were found in simlar nunbers within, and outside of

these pens (Table 4).

Fish Rearing at Of-Station Sites

Fish reared in pens and fed

Fish were stocked in net pens at SSP and RC at a mean size of 1.3
g/fish (342 fish/Ib) on April 11 and 12, respectively, and at a size of
1.5 g (304/1b) on April 22 and 23, respectively. Fish were fed
throughout the study at the regular hatchery rate of 3-4% body
wei ght/day. Number of fish stocked/pen averaged about 19,200 at both
locations with mean |oading densities of 321 g/ni (.020 Ib/ft%) for
early groups stocked and 353 g/m’ (.022 Ib/ft3) for the late groups
(Table 5). MNumbers of fish stocked/pen were slightly higher than
stocked at high density during 1984 rearing trials (X = 17,350/pen) to

conpensate for the smaller-sized fish available for stocking in 1985

18



Table 4. Taxonom ¢ conposition of zooplankton (nmean nunber/liter) taken
fromw thin and fromoutside net pens at Social Security
Pond and Rock Creek, and a barrier net at Rock Creek, 1985.

Taxon out > In out - In RCOEHBarrier T%t)
Cycl opoi da 21.9 4.2 12.9 0.6 63.6 33.9
Cal anoi da 0.5 0 0.1 0 0.3 0

Daphni a 9.0 1.0 0.3 0.2 24.9 5.2
Bosni na 4.5 4.4 0 0.8 280. 8 114.5
Chydor us 0.5 1.6 0 0 0.5 0.2
O her 0.2 0.6 0 0 1.2 0.7

d adocer a®

“'ncludes Alona, Diaphanosoma, Ceriodaphnia, and Pol yphenus.

19



Table 5.  Summary of stocking nunbers and densities, nortalities, and
numbers, sizes and weights at release in early and |ate groups of
fed fish at Social Security Pond and Rock Greek, 1985. (Nunbers
represent mean values for early and late groups, respectively.)

Early Goup Late Goup
s RC s RC Mean
Stocki ng summari es:
Nunber / pen 18, 042 19, 910 18, 657 19, 565 19, 244
V%|?ht/ en
(Ib ft3§ . 020 021 .022 . 023 .022
i ght / pen
(g/ ) 321 337 353 369 345
Mrtalities/Pen:
Natural (% (205/o (198/o : 98/o : 60@ : 14%
1.19 1.19 0.5¢ 0.3¢ 0. 89
Sanpl e 186 209 134 151 170
Rel ease summari es:
Nunber / pen 18, 451 19, 503 18, 425 19, 354 18, 933
Size E?) 4.6 4.7 4.0 3.3 4,2
Size (fish/1b) 99 96 113 139 112
V%i?ht/ en
(I'b ft3f . 067 072 . 058 . 050 . 062
\iéi ght / pen
(g/ nB) 1,075 1,155 930 802 990
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(1.3-1.5 g/fish versus 2.0 g/fish in 1984). However, initial |oading
densities used in 1985 (weight/unit volume rearing area) were |ower
than used in 1984--433 g/nB (.027 Ib/ft?).

Gowth over the entire rearing period was higher for fish stocked
during the second week of April (early fish) than for control fishin
the hatchery or for fish stocked during the last week of April (late
fish) (Fig. 3). A release, size of the late group at SSP was sinilar
to size of fish in the hatchery (not significant P > 0.051, but at RC
size of the late group at release was significantly smaller than in the
hat chery (P < 0.05; Appendices 6 and 7).

Mean size of fish at release in the early group was 4.6 g (99/1b)
at SSP and 4.7 g (96/1b) at RC, late groups averaged 4.0 g (113/1b) at
SSP and 3.3 g (139/1h) at RC (Table 5). Size of early fish was
significantly larger than the late groups at both sites (P < 0.05;
Appendi x 8). Mean release size of fed fish fromall pens at SSP was
4.5 g (101/1b) and at RC, 3.8 g (118/1b). Weight of fish released/ pen
ranged from 802 to to 1155 g/m’ (.050 to .072 Ib/ft3) for early and
late fish at both locations.

I nstantaneous growth rates were highest during the first two-three
weeks after stocking (Table 6). Gowh rates of the early group of fed
fish slowed considerably during the final two weeks of the rearing
period. Fed fish in pens all had higher growth rates than hatchery
fish, or fish in other enclosures.

Condition factors (K) of fed fish were higher than those reared in
any of the other enclosures, especially during the initial rearing

period. Fish of the early groups had slightly higher K-factors than
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Social Security Pond Rock Creek Rock Creek

(fed fish) (fed fish) (Barrier net)
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Figure 3. Gowh of early and late groups of fall chinook juveniles in pens at Social Security Pond and
ck Creek, and of the same brood of fish held in the hatchery as a control; and growth of fish reared
ina barrier net at RCin relation to growh of hatchery controls.




Tabl e 6.

Summary of instantaneous

fish reared at Soci al

Creek National

growth rates and condition
Security Pond,
Fish Hatchery, 1985,

Rock Creek,

factors for
and Spring

Social Security Pond

| nstant aneous growh

Condition factor

Fed fish: 4125 5/6 5/16 4/ 25 56  5/16
Early fish 50 43 17 146 133 128
Late fish 42 37 136 128
Rock Creek
Fed fish: 4/ 26 517 5/ 20 4/ 26 b1 5/ 20
Early fish 46 49 14 152 143 129
Late fish 23 34 130 128
Barrier net: 5/2 5/22 6/11 512 5/22  §ll
-11 23 2 113 119 112
Unfed fish: 5/11 5/ 23 6/5° 5/11 5/23 6/5
Density n]'? 12 -1 52 119 111 137
(32 gl
Den5| ty 1 ! 51 110 108 136
(64 g/ nf)
Density 3 10 -13 49 112 102 135
(128 g/ )
Hat chery fish: 4117 5/8 6/11 4117 5/8  6/11
(Spring Creek NFH)
1 38 14 132 110 100

® Mter 6 days of feeding.
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did fish in the late group after the initial stages of rearing
Condition factors declined sonmewhat in all groups of fish over the
rearing period.

Mrtality was low in all pens in 1985 (Table 5) with a cumulative
nortality of 1.1% for fish stocked early at both locations, and 0.5%
and 0.3% for late groups stocked at SSP and RC, respectively.

Mrtality was high only during the initial two weeks after stocking of
early fish at SSP and RC (Fig. 4; Appendix 9). The initially high
nortalities may have resulted from a conbination of transport stress
and the relatively warm water tenperatures present at SSP and RC during
stocking, especially at SSP. Fish in both locations were fed
prophylactic treatnents of TM50 nedicated (3-4 g teranycin/45 kg fish)
Abernathy Dry Diet when it appeared extended water tenperatures m ght
exceed 15.6°C. Even though water tenperatures were commonly near, or
slightly below tenperatures where heavy nortalities were observed
during the 1984 trials, losses were nminiml. No disease, or nortality
due to disease, was identified in any of the fed fish after stocking
(Appendix 4).

Gl Nat-K+ ATPase activity of fish reared at both locations
increased progressively from stocking through release (Fig. 5). ATPase
level s were slightly higher in early fish than in late fish on al
occasions. Activity increased at a faster rate in fish reared at both
areas than in hatchery fish and at release ATPase |evels were
significantly higher than levels observed in the hatchery (P < 0.05).
However, during the initial 2-3 weeks after stocking, ATPase |evels

were simlar to those observed in the hatchery. ATPase levels rose
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ATPase activities (micromoles Pi/mg P/hour) of fall chinook juveniles in early and late groups

at Social Security Pond and Rock f'reek, in the barrier net and unfed fish (at release), and in hatchery

controls. The (ashed

line reprasents a target ATPase activity above which fish are assumed to be in a

high state of smoltification (W, Zaugq, NMFS, Cook, WA, personal communication).



above 20 micromoles Pi/my prot/hr, considered indicative of
smol tification activity in salnmonids (W Zaugg, persona
communi cation), in both groups of fish at SSP by rel ease, but remained
below this level for fish at RC

Results of a 24-hr seawater challenge test (Appendix 5) were
general ly in agreement with gill ATPase analyses, i.e. fish reared
of f-station were undergoing physiol ogi cal changes indicative of the
onset of snoltification, whereas those in the hatchery exhihited a
delay in snoltification activity. At release, fish from SSP and RC
were able to regulate blood-Na+ |evels bel ow those of fish in the
hatchery (Appendix 5). However, the differences between bl ood-Na+
levels in off-station fish and the hatchery control group were

significantly different only for the RC fish (ANOVA, P < 0.05).

Fish reared in pens wthout feeding

Densities of fish reared in pens wthout supplemental feeding were
two, four, and eight times higher than exanined in 1984, (Novotny et
al. 1985) resulting in stocking of slightly over 1000, 2000, and 4000
fish/pen (Table 7). No weight gain was observed after four weeks of
rearing, and very little growh in length occurred in any of the
densities tested (Fig. 6). Mrtalities increased during the fourth and
fifth weeks of rearing, necessitating the prophylactic feeding of
fish according to dosages recommended by USFWS fish health personnel
(3-4% body weight/day with TM50) over the final 6-7 days of rearing
These fish were required for a scheduled release within the barrier net

as the "marked" portion of a subsequent mark/recapture estimte. The
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Table 7. Total nunber of fish stocked per pen, nortality, release size (nunmber/ bz and ATPase
activity for ugfed fish reared in pens at densities of 32, 64, and 128 g/ .002, .004,
and .008 Ib/ft”), Rock Creek, 1985.

Density

32 g/nt 64 g/t 128 g/ni
Characteristic A B A B A B
Nunber fish 1056 1016 2071 2001 4392 4106
stocked/ pen
Mrtality 21 30 (2.5% 87 313 (9.8% 1109 821 (22.7%
(sanple nortality) (160) (160) (160) (190) (173) (186)
Rel ease wei ght 116 129 126 152 158 156
(fish/1h)
ATPase activity 16.2 13.3 15.9 10.9 9.7 12.0
(mcronol es

(Pi/ng prot/hr)
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Figure 6. Weights (g) and fork |engths 3(m1) of unfed fish i@ pens at Rock Creek reared at
(.002 Ib/ft3), intermediate (.004 Ib/ft”) and high (.008 Ib/ft”) densities, 1985.

| ow



increased nortality was not an epizootic, but the apparent |ack of
adequate food for growth. Presence of enteric redmouth in one of the
high density pens (Appendix 4) did present potential conditions for an
epi zootic as water tenperatures exceeded 15-16°C in the water colum
within the pens.

Feeding of these previously unfed fish resulted in a nearly
doubling of the mean weight/fish and an increase in nean length of 7-9
mifish for all densities tested (Fig. 6). At release the largest fish
(3.7 g-1 22/1b, nean size), were in pens with the lowest density, the
smal | est fish (2.9 g-157/1b, mean size), in pens with the high density
and intermediate sized fish (3.3 g-1 39/Ib, mean size) in pens with the
medi um density (Table 7). Fork lengths of fish at |ow and nedium
densities were not significantly different (P > 0.05), but fish at both
densities were significantly larger than fish in high density pens (P <
0.05; Appendix 10). Total nortality of fish over the entire rearing
period was 2.5% for those reared at |ow density, 9.8% at the
intermediate density, and 22.7% at the high density.

I nstantaneous growth of fish not fed during the first four weeks
of rearing was low in relation to that observed in fish which were fed
but simlar to the low rate of growth observed by fish in the barrier
net (Table 6). Some growth took place during the initial two weeks of
rearing, but during the second two-week period no growh was observed
for fish reared at any of the densities tested. Fish exhibited large
growth increases after being fed for 6 days.

Slight differences were noted in condition factors among fish

reared at the three densities, although fish reared at |ow density
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tended to have a slightly higher condition factor than those reared at

higher densities throughout the rearing period. After feeding of fish

condition factors increased to levels observed in those fish which were
fed and reared in higher density pens.

ATPase activity of unfed fish at release ranged from 9.7 to 16.2
mcronoles Pi/ng prot/hr with highest levels occurring at |owest
density and |owest levels at high density (Table 7). At release
activities were significantly higher at low density than at high
density (P < 0.05) but levels of fish in mediumdensity pens were not

different than either of the other densities (P > 0.05; Appendix 10).

Fish reared in barrier net

Fish in the barrier net did not grow in weight during the first
two weeks after stocking; after two weeks mean weight/fish was 0.2-0.3
g less than the 1.5 g at stocking (Fig. 3). After seven weeks of
rearing (April 24 - June 11) nean size of fish in the barrier net was
2.7 g (169/1b). Fish in the hatchery grew considerably faster and
their nean size was nearly 2.0 g larger at release than those in the
barrier net.

A negative index of instantaneous growh was observed in barrier
net fish during the intial two weeks of rearing, and while growth rates
did subsequently increase, they were low in relation to those observed
in fish which were fed (Table 6). Condition factors were relatively
low in the barrier net fish throughout the rearing period.

Mrtality of fish in the barrier net was estimated to be 49% over

the entire rearing period. Estimtes were determined from the
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difference in number of fish stocked (254,194), and the estimated nunber
remaining (129,764 - mark/recapture) within the enclosure at the
conclusion of the rearing period (Appendix 1). No disease was detected
in fish reared in the barrier net and routine health nonitoring of fish
did not reveal a health-related situation which could have resulted in
~ the estimated high nortality. Fish predators were not removed from the
enclosure, and predatory birds were commonly observed perched on the
perimeter of the enclosure. Therefore, it was assumed that predation
was the primary cause of the nmortality in the barrier net. Estimtes
of taxonom ¢ conposition and size distribution of the 153 predators
collected at the end of rearing was simlar to that observed in 1984
(Appendi x 11).

Gl ATPase activity of barrier-net fish was low at stocking and
remained |ow throughout rearing, wth no indication of the onset of
snmoltification (Fig. 5). Activity levels were below those of the
hatchery controls and for any of the other groups of fish reared
off-station in 1985,

good habits of unfed fish in barrier net and pens, 1984 and 1985

Zoopl ankton  conprised the major portion of food itenms found in
stomachs of fish reared in the barrier net in 1984 and 1985 and in pens
in 1984 (Table 8). In 1984 zooplankton conprised nore than 99% of the
diet (by nunber) of fish in the barrier net and pens, wth Daphnia
accounting for about 75% and Cycl opoi da about 17% of the total.

Zoopl ankton percent was slightly lower in the diet of fish in the

barrier net in 1985 (82%. In 1985, Daphnia accounted for a nmuch |ower
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Tabl e 8.
chinook sa

Prelirrinary sunmary of food itens identified in stomachs of fall
nmon during rearing in the barrier net,

1984 and 1985,

and in unfed pens, 1984, at Rock Creek. (F.0.--frequency of
occurrence; 9\-percent of total by nunber.)
Barrier net Barrier net Unfed pens
(1984) (1985) (1984)
Food item F.Q SN F.Q W F.Q 9N
Abernathy dry 6.0 - -
Zoopl ankt on 99.9 81.7 99.5

Cycl opoi da (93.3) (17.5) (64.0) (39.2) (93.3) (16.5)

Cal anoi da - T- 52.0 T) N

Daphni a 293. 3; (73. 3; E 0.0 7.6; 293. 3; (80.6)

0sMm na 30.0) (7.1 56.0) (33.6 13.3)  (2.1)

O her” (2.0) (1.3) (0.3)
I nsect s _ 4.5 0.4

Chi rononi dae 53. 33 (T (20. Og EZ. 7% (6.7) (0.1

(donat a 3.3) (1) (2.0 0.1 . .

Trichoptera T -- . -- (3.3) (0.1

Hynenopt er a E4. Og EO. 2} " -

Diptera (other 2.0 0.7 (6.7) (0.2

t haanhi ronom dae)

Ot her (T) (0.8) (T)
Arachni da 3.3 T 10.0 1.9 3.3 0.1
Nermat oda 3.3 0.1
Bryozoa 18.0 11.3 3.3 T
Fish parts 3.3 T
| nedi bl es® 33 T 120 0.3 33 T

®M scel | aneous zopl ankton including Leptodora, Diaphanosoma, Chydorus,

Al ona, Ceriodaphni a,

and unidentifiable parts.

"M scel | aneous insects i ncl udi ng |soptera, Thysanoptera, Col eoptera, and

unidentified parts.

‘Rocks and detritus.
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percent of the total nunber of food items (7.6%, but Cyclopoida
(39.2% and Bosmna (33.6% conprised a larger portion of food itens.
Insects were not a commn food item found during either year, or in
ei ther enclosure type.

The only other item identified which conprised a relatively large
portion of the total nunber of food conponents was bryozoan
statobl asts, which were conmon but because of their small size were
considered an incidental contribution to the total diet.

Prelimnary observations of the barrier net fish stomachs from
1985 indicated that the fish did not feed during the first two weeks
after stocking. Subsequent stomach analyses revealed that the fish
took progressively nore food items over the remainder of the rearing

period, and at release, nost stomachs were full of zooplankton

Rearing and Release of Hatchery Fish

Gowh and size of fish were simlar over the period and ATPase
activities remained low in fish at both hatcheries; activities did not
reach 20 mcromoles Pi/ng prot/hr at either site by the release date
(Appendix 12). Sizes of fish at release were 4.5 g (102/1b) at SCNFH
(on June 12) and 5.2 g (88/1b) at LWENFH (on June 19).

I nstantaneous growth of hatchery fish was noderate in relation to
fed fish in pens, but generally higher than in other enclosures (Table
6). Condition factors of hatchery fish were [ower than the higher
estimates for fed fish in pens and tended to decrease over the period

of observati on.
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Cost Estimates for Rearing Fish

Efficiency ratios (Senn et al. 1984) using rearing scenarios
tested in the pen rearing study thus far were conpared with each other
with calculated efficiency ratios for net-pen rearing at higher
density, and with the rearing of fish in a concrete hatchery raceway
(Appendix 13 & Table 9). Costs were estimated from actual expenses
incurred during 1984 or 1985 and standardized for rearing and
production of 1000 Ib of fish.

The nost costly nethod (I owest efficiency ratio) of the methods
conpared was the barrier net, but fish reared at |ow density in net
pens were also relatively expensive to produce (Table 9). Increased
density in high-density pens resulted in a higher efficiency ratio and
| onered expenses; this was the least costly method of the scenarios
tested in the present study. Hgher densities in net pens would
produce an additional |owering of costs, as indicated using the rearing
density of .300 Ib/ft® which has been used successfully in other net
pen culture operations (Senn et al.). In all of the above rearing
scenarios, increased |abor and facilities costs were the primary causes
of the increased expense for rearing |ike numbers of fish at |ower
densities. Plunbing and water were not a factor in net pen or barrier
net rearing; additionally, food costs (unfed fish) and |abor were not
an expense in barrier net rearing. Efficiency ratios calculated for a
concrete raceway were higher than those calculated for |ow density
net-pen or barrier net culture, but Lower than efficiency ratios in

net- pen culture at the high density tested in current pen rearing
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Table 9. Rearing cost sunmaries and cal culated efficiency ratios for rearing 1000 |b of fish in net pens
at densities tested in 1984 and densities suggested as “rearable" by Senn et al. 1984; in a barrier net
using the scenario tested in 1984 and 1985, and in a concrete raceway using cost estimtes developed by
Senn et al. (1984) and actual hatchery expense.

Efficiency Cost

ratio

Met hod Pond/facility>* Plunbing  MVéter Food”  0&M Labor® | 1 p/$ [1b
Net pen- | ow, density 25032 0 0 94 1252 2417 14 7.14
(.043 Ib/ftY)
Net pen-high density 12618 0 0 190 631 1218 .26 3.85
(.086 I b/ftY)
Net pen-(.3001b/ft?) 3605 0 0 300 180 348 .33 1.37
Barrier net, 35914° 0 0 0 1796 0 13 7.69
(001 Ib/ftd)
Concrete race\/\/ayf 6440 6000 631 600 2350 835 .18 5.56

al Net pen costs based on an expected useage life of 20yr for frames, feeders, and floats and 7yr for netting
(Senn et al. 1984).

b/ EOOdh costs based on the use of Abernathy Dry at $.45/1b for net pens and the use of ow at $.60/1b for
atchery.

c/ Qperation and naintenance expense figured at 5% of capital investment/year for net pens and barrier net,
and r?t 352. 35/ 1b produced at the hatchery (J. Bodle, Conplex Manager, Little Wite Salnon National Fish
Hat chery).

d/ Labor expense figured on basis of pay of $25 000/year/man. Net pens required .012 man-year/pen and
hat chery raceways required .033 man-year/1000 |b of fish produced,

e/, Barrier net expenses include an expected nortality rate of 40% (average of 1984 & 1985), assum ng
predators are not removed fromwthin the enclosure. Expected useage life of barrier net was figured

at 10yr.

f/ Hatchery costs based on an expected useage |ife of 50yr for the raceway and 25yr for plunbing.
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Table 10. Summary of jack salmon captures and time expended using the various nmethods at Rock Creek with
ill nets, a Merwin trapnet, and a Lake Erie trapnet, fall, 1985 (each month was divided into four weeks,

ut there was overlap in fishing periods using the Merwin trapnet).

SEPT ocT NOV

1 7 3 4 I Z 3 ! I Z 3 4 Tot al
G Il Net
Hours fished 0 4 2 3 2 0 4 6 0 0 0 0 84
Number j acks 0 0 0 0 0 0 14 0 0 0 0 0 14
Merwin Trap
Days fished 0 0 0 2 9 1 6 9 1 § 7 5 64
Nunber | acks 0 0 0 0 0 4 1 1 26 U 0 79
Lake Erie Trap
Days fished 0 0 0 0 0 4 0 0 0 0 0 4
Nurber j acks 0 0 0 0 0 0 2 0 0 0 0 0 2

Total jacks recovered 95




studies or in the .300 [b/ft® density estimates used for conparison
Hat chery expenses included plunmbing and water costs as well as expenses

incurred using the other rearing scenarios.

Adul't Recovery - 1985

Jack salnon were collected effectively by both trap and gill nets
at RC (Table 10). A total of 95 fish were captured using all nethods
at RC. Large nesh netting in the Lake Erie trap net (5.1 cm bar)
tended to gill fish; the Merwin trap net with smaller mesh netting
(1.6 cn) appeared to be equally effective and fish were not gilled in
the netting. GII nets (6.4 cmbar) also captured jacks effectively,
but use was discontinued after several adult steelhead

(Salmo gairdneri) were captured.

Weirs constructed at both sites were |east effective in capturing
jack salmon. At RC flows were marginal throughout the fall nonths
making it difficult for fish to swminto the weir. At SSP flows were
adequate in both weir locations, but only four jacks were recovered.

No other nethods were tested at SSP.
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DI SCUSSI ON

A planned stocking date for the first week of April for
transferring upriver bright fall chinook salmon from SONFH to SSP and
RC was delayed by the loss of the fish at the hatchery during an
epi zootic of bacterial gill disease in March; high water tenperatures
further delayed and conplicated the transfer of fish from the hatchery.
The net results of these events were the shortening of the potentia
period of rearing from 8-10 weeks to 3-8 weeks and the rel ease of fish
at a smaller size and earlier stage of snolt developnent than desired

Even though tenperatures and environmental conditions at
off-station sites resulted in growh rates and snolt devel opnent
exceeding that in the hatchery control fish, the reduced length of
rearing allowed less time for growh and snolt devel opnent. Thus the
reduced length of rearing was disadvantageous for the off-station
rearing strategy.

Fish were released at a simlar size as fall chinook released
during normal hatchery operation (Vreeland 1985) but they were snaller
than the desired rel ease size of about 5.09 g (90/1b). Tenperature
increases above 15-16°C in 1984 rearing trials were associated with
increased rates of nortality due to disease. Therefore, extending the
rearing period of fed fish in pens in order for themto reach a larger
size could have resulted in unacceptably high nortality rates.
Consequently, early and late groups of fed fish in pens at SSP and RC
were somewhat undersize at release, but fish were healthy and condition

factors were good in relation to hatchery fish or fish in other
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enclosures. Smolt devel opment of fed fish (as indicated by rising
ATPase activities) proceded as expected, based on the results of the
1984 rearing trials.

Densities at which fish can be reared unfed and still maintain
acceptable growth appear to be lower than those used in unfed
treatnents in 1985. The growth of unfed fish was dependent on their
primary food source, zooplankton. Thus, the magnitude and occurrence
of earlier or later increases in zooplankton densities probably
influenced the growth rates and devel opment of unfed fish. Since
growth of unfed treatnments in 1984 was considered very good, either the
| ower density used in those treatnents (.001 Ib/ft%) was close to an
optimum or zooplankton populations were nore nearly adequate. Gowh
was retarded in unfed treatnents, but the fish responded well once fed
and physiol ogical change did occur among the various densities.

Fish reared in the barrier net did not grow as well in 1985 as in
1984, and growth and physiol ogical devel opnent were slower in 1985 than
for fish reared in the hatchery.

Zoopl ankton densities were relatively |ow when fish were stocked
in the barrier net, and may have been [ower than required for
sustenance during the transition period when the fish were forced to
adjust froma hatchery regimen to reliance on the natural food base
In addition, the fish stocked in the barrier net were apparently
overmedi cated a few days prior to transfer from the hatchery (S. Leek
personal comunication, Lower Columbia River Fish Health Center)
Overmedi cation appeared to have tenporarily sickened the fish, inposing

additional stresses and retarding feeding once they were transferred
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into the barrier net. The poor growth observed in fish in the barrier
net, especially during the initial weeks of rearing, was probably the
result of the conbined effects of |ow zoopl ankton densities and their
condi tion when stocked.

Mrtality of fish in the barrier net (49% was higher in relation
to that observed for fish reared under simlar conditions in 1984 (30%
or in any of the other groups reared. Disease was not detected in
barrier net fish, even after surface waters warmed above 16°C
Therefore, the high nortality was apparently due to predation since
fish predators were not removed fromwthin the barrier net and birds
were conmonly observed around the perineter of the enclosure. O her
causes of nortality during the intial two weeks may have been due to
the condition of the fish at transfer and the |ow zooplankton densities
during that period.

The groups of fed fish which were stocked |ate at SSP and RC, were
fromthe same group of hatchery fish as used to stock the barrier net.
Wi le these fish at SSP appeared to grow wel |l over the period of
rearing, growh of those at RC was retarded, especially during the
first two weeks. However, neither of the late groups of fed fish
underwent a period of no growh simlar to that observed in the barrier
net. Apparently, the SSP fish were either not affected by nedication
in the hatchery or they were quicker to respond once transferred to the
off-station |ocation.

Off-station nmethods tested during the pen-rearing trials
especial |y at higher density, are conparable or slightly [ower than

costs of rearing fish in hatcheries. The net-pen enclosures require
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relatively high [abor demands and initial capital investment,
especial ly at low rearing density. Hgher densities in the net pens
as well as the barrier would decrease costs and inprove efficiency.
Additional rearing scenarios including rearing of fish at higher
densities in net pens and renoval of predators fromthe barrier net
will be incorporated into the 1986 studies to test the effects of
hi gher densities and reduced predation on efficiency ratios. The
health and quality of these fish, as well as those being reared at
regul ar densities according to the 1985 study plan, wll be closely
monitored by expanding physiological observations to include blood
plasma thyroxin and cortisol analyses. The length of the rearing
period, especially in net pens, is limted by water tenperatures.
Therefore, to increase production by lengthening the growh period and
to grow the fish to a desireable size (>90/1b), fish wll be
transferred from the hatchery to off-station sites at a very early
stage of devel opnent ( =~ 800-900/1b), which may increase the period of

off-station rearing by 4-6 weeks.
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Appendix 1. Barrier net calculations for determnation of nortality
and nunmbers of fish in area at release, 1985.

Summary:
4124 & 4] 25/ 85 254,194 fish stocked in barrier net
6/4 & 6/5/85 29,902 "marked" fish® introduced into barrier net
6/10 & 6/11/85 barrier net sanpled with 100-foot seine

1) 2328 unmarked and 679 marked
2) 1022 unmarked and 270 marked

Cal cul ations:

a. 254,194 fish in original stocking group including 7675 (3.0%
with marks. Based on nortality observed during 1984 rearing
trials, 30%of the original parks were assumed nortality |osses
for mark-recapture purposes.” Therefore, 5,372 fish with marks
were included fromthe original stocking group in the 'marked'
group released into the barrier net on 6/4 and 6/5.

b. Peterson fornula (Chapman version) from Ricker (1975):

N= (Mrl) (C + 1)
(R+ 1)

M= 29,902 + 5372 total nunber of "marked" fish in
barrier net

C= 4299 total fish in seine sanples

R= 949 total "marked" fish in seine sanples

c. N= (351274(;4%)+(f)299 +1) =159 666 fish in barrier net on 6/11

d. 159,666 - 29,902 ést ocked on 6/5) = 129,764 total number of
originally stocked group released from barrier net on 6/11/85

&€ 254,194 - 129,764 = 124,430 or 49% nortality

“Marked" fish in these calculations refer to fish introduced into
the barrier net with no adipose fin clip (about 3% of the original
group stocked remained with adipose fins after coded wire tagging).

"Usi ng a 50% scenario increased nortality estimtes by about 3%
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Appendi x 2.

Chronol ogi cal schedul e of events for  upriver bright
chinook salmon rearing, transfer, and release for 1985
pen-rearing studies.

9/1/84 -
9/ 30/ 84

12/1184 -
12/ 22/ 84

1/1/85 -
31185
3/ 25/ 85

4/ 11/ 85

4/ 12/ 85

4/ 221 85

4/ 23/ 85

412,185
4/ 24/ 85
4/ 25/ 85

5/16/ 85 -
5/17/85

5/ 20/ 85
6/ 5/ 85

6/11/85
6/11/85

Adults captured in Bonneville Hatchery (Oregon Dept. of
Fish and Wldlife) fish traps and fish |adder at
Bonneville Dam

Eggs taken at Bonneville Hatchery and transferred to
Spring Creek and Little Wite Salmon National Fish
Hat cheri es.

Fish reared and ponded at the hatcheries.
Fish (9196) transferred at 760 fish/Ib from SCNFH to
smal | nesh pen (1/8") at RC

Fish stocked in pens no. 7-12 at SSP (111,943) - tag code
H 5-7- 2.

E§h7s|tocked in pens no. |-6 at RC (119,457) - tag code

E§h753tOCkEd in pens no. -6 at SSP (113,057) - tag code

Fish stocked in pens no. 7-12 at RC (117,388) - tag code
H 5-7- 4.

Fish in small-mesh pen split into 7 pens (unfed fish).
Fish stocked in barrier net (123,450) - tag code H5-7-5.
Fish stocked in barrier net (130,744) - tag code H5-7-6.
Fish rel eased at SSP.

Fish released frompens no. 1-12 at RC

Unfed fish from lowdensity pens transferred to barrier
net. An additional unmarked nunmber of fish (18,663)
transferred from the hatchery to barrier net for
mark-recapture popul ation estinate.

Barrier net fish released.

Control fish at SprinP Creek Hatchery transferred to md-
Col unbia basin for release.
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6/ 20/ 85 Little Wiite Hatchery control (approximately 170,000)
rel eased at hatchery.
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Appendi x 3.

St ocking data
Code

st ocked
mortality

Tot al
Tot al

Total rel eased

Ad. clip/no CAT
No clip/with CWT
No clip/no CAT

Total narked CW
rel eased

St ocking date
Code

Total stocked
Ad. clip/no CAT

Total CWI/ group

Tagging and rel ease sunmaries
pens at Soci al

for fish coded-wire tagged (CW)

and rel eased from net

Security Pond and Rock Creek, a barrier net Rock Creek, and from
the Little Wite Salnon National Fish Hatchery, 1985.
Social Security Pond Rock Creek Barrier Net
4/ 11/ 85 4/ 22/ 85 4/ 12/ 85 4/ 23/ 85 4]/ 24/ 85 4/ 25/ 85
H5-7-2 H5-7-3 H5-7-1 H5-7-4 H5-7-5 H5-7-6
111, 943 113, 057 119, 457 117, 388 123, 450 130, 744
2,352 1,397 2,432 1, 451 60, 490 64, 065
109, 591 111, 660 117, 025 115, 937 62, 960 66, 679
2,411 1,932 2,185 3, 305 916 967
4,219 643 6, 798 1,271 - -
3,792 3,679 11, 897 11, 441 1, 889 2,151
99, 169 105, 406 96, 145 99, 919 60, 155 63, 561
Hat chery Control (A) Hat chery Control (B)
- 6/20/85 - - 6/20/85 -
5-12-50 5-12-51 5-12-56 5-12-57 5-12-52 5-12-53 5-12-54 5-12-55
22,393 23, 100 21, 864 26, 499 20, 075 21, 158 25, 467 25, 505
3, 645 3, 760 840 1,019 3, 268 3, 444 979 980
19, 455 19, 340 21,024 25, 430 16, 807 17, 714 24,488 24,525
85, 249 83,534

Total CWI/replicate




Appendix 4. Summary of health inspections conpleted for off-station
reared fish by the Lower Colunbia River Fish Health Center,
cook, WA, 1985.

Dat e Sunmary finding

5/ 10/ 85 Five fish recovered from fed pens at RC which appeared to be
suffering sone form of stress - no pathogens detected.

5/ 16/ 85 Ten fish from each pen at SSP examined for viruses, Mxosoms,
and bacteria - no pathogens detected. -

5/ 20/ 85 Ten fish/pen fromfed fish in pens at RC examined for
viruses, Myxosomn, and bacteria - no pathogens detected. 2

5/ 28/ 85 Enteric redmouth disease (ERM isolated from one of the two

pens with high densities of unfed fish; ERM was not found
In other pens.

6/ 11/ 85 Harrier net fish examned at release for virus, Mxosoms, and
bacteria - no pathogens detected.

°Fl exi bacter colummaris was present in fish but was not causing |osses at
rel ease tine.

Note: Prior to transfer from Spring Creek National Fish Hatchery all
fish used for stocking off-station rearing enclosures were .
included in routine health checks conpleted by the Lower Colunbia
River Fish Health Center. No disease was detected in any of the fed
fish reared at Social Security Pond or Rock Creek.
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Appendi x 5.
SEAWATER CHALLENGE SUMMARY - 1985

I ntroduction

A seawater (SW chal lenge test was devel oped by C ark and
Bl ackburn (1978) to test hypo-osnoregul atory ability of juvenile sal non
when transferred fromfresh water (M directly into SW Analysis of
bl ood-pl asma Nat+ levels of fish can be used to predict readiness of
juveniles for mgration and adaptability to SW i.e. snoltification.
The ability of fish to regulate blood-plasma Na+ |evels after expsoure
to SWis indicative of a high hypo-osnoregulatory ability and is
characteristic of fish which have snolted. However, elevated
pl asma-Na+ | evel s are characteristic of fish which have not undergone
the smoltification process (Parr).

Anal yses of plasma-Nat |evels of fish transferred fromFWdirectly
into SWhave indicated that highest Na+ |evels occur 24 hr after SW
entry; hence, nost SWchall enge tests involve a 24-hr SWexposure
(Carke and Blackburn, 1978). Sone investigators have suggested that
an absolute plasma-Na+t |evel after 24-hr SWexposure be used as a
criterion for separating smolts fromparr (Carke and Bl ackburn, 1978).
However, because plasma-Na+ |evels appear to be dependent on severa
factors, including species and rearing location, it may be best to
consider relative differences between control and treated groups of
fish exposed to SWthan to assign an absolute 24-hr Nat+ |evel as the
criterion for snolt status of indivdiual groups of fish (Dickoff et al.
1985).
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Appendi x 5 (continued)

The goal of the SWchallenge tests in the-present study was to
assess the degree of snoltification of fish reared at and released from
Social Security Pond (SSP) and Rock Creek (RC) and to conpare the
results with those fromthe same brood stock of fish reared at Spring
Creek National Fish Hatchery (SCNFH). Seawater challenge results were

al so conpared with gill Na+-K+ ATPase activities of the test groups.

Met hods

Age-O fall chinook salnon fromrearing pens (fed fish) at SSP and
RC and fromthe control group held at SCNFH were tested in a 24-h SW
chal lenge 3-5 weeks after transfer of fish to off-station rearing
sites. Two groups of fish were tested fromeach site: those reared
off-station for approximately five weeks (Goup 1) and those reared
off-station for about three weeks (Goup 2). Fish from SSP and RC were
tested in separate SWchallenge tests. Each test included one FW
control group and one replicated SWgroup for each area (SSP or RC
SCNFH) .

Fish were collected at off-station rearing sites and transported
to wet-lab facilities at the Wllard Field Station (SNFRC). Fish were
transported in cooled, aerated containers of 10 ng/l M5 222 at a
density of about 1.0 fish/liter. On arrival, fish were acclimted in
FW(SSP, RC. 15°C, SCNFH.  10°C) for 17-26 hours before direct transfer
into full strength SW (30 °/00). Following a 24-h SWexposure, tails
were severed and blood sanples taken for plasma-Na+ determ nations.

Due to the small size of the test fish (x -w = 3.3 g), blood fromfive
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Appendi x 5 (continued)

fish was pooled to obtain an adequate volume of plasma for each sanple.
Plasma-Nat |evels were determned utilizing a Corning Mdel 480

flanme photoneter follow ng methods devel oped by the manufacturer
(Corning 1983). In addition, plasma of a known Nat+ |evel was run after
approximately every 15 sanples as a quality control. GII Nat+-K+
ATPase anal yses were conpleted by the National Marine Fisheries
Service, Cook, WA using nethods devel oped by Zaugg (1982). Data were
anal yzed using a two-way analysis of variance and a Newran-Keul s (N-K)

mul tipl e-conparison test.

Results and D scussion

Social Security Pond

In each group tested, plasma-Na+ levels of fish exposed to SWwere
significantly higher than corresponding |evels of FWcontrol fish (P <
0.05; Appendix Fig. 1). After SWexposure, plasna-Na+ |evels rose
significantly (P < 0.05) within all groups tested. However, no
significant differences were detected between groups (Appendix Fig. 1).
Mrtalities due to SWexposure were low, ranging from7 to 15 percent.

G|l Nat-K+ ATPase activities were simlar for both groups from
SSP but were significantly higher than those from the same brood of
fish held in the hatchery (P < 0.05; Appendix Fig. 1).

Differences in ATPase activities between groups were not manifest

in performance in the SWchallenge tests. However, small sanple sizes
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Appendi x 5 (continued)

not have yielded enough statistical sensitivity to detect significant

di fferences.

Rock Creek

Bl ood- pl asma Na+ concentrations of SWexposed fish were
significantly higher for the hatchery group than early and late groups
reared at RC (Appendix Fig 1). Additionally, only fish fromthe
hatchery exhibited a significant rise in Nat+ level after the 24-h SW
exposure (P < 0.05).

Mrtalities were high at RCin one of the two replicates from
Goup 1 (67.9%. This was due to contam nation of one of the
containers used in transportation rather than from exposure of the fish
to SW Mrtality of the other group in the replicate was zero.
Mrtalities in all other groups were low (3.2-5.0%.

ATPase activities at RC were not significantly different between
of f-station groups (P < 0.05; Appendix Fig. 1). However, observed
ATPase |evels at RC were higher than those of fish reared at SCNFH.
ATPase activities did not rise above 20 mcronoles Pi/ng prot/hr in any

of the groups tested.
Sunmary and Concl usi ons
Results from both the SWchallenge and the ATPase tests suggest

that fish reared off-station, especially at RC, were in a nore advanced

stage of smoltification than those reared at SCNFH
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Appendi x 5 (continued)

Future studies should rmonitor plasma-Nat+ concentrations during
24-hr time periods at the beginning, mdpoint, and end of off-station
rearing periods to follow changes in plasma-Nat+ regulating ability nore
thoroughly.  Plasma-Na+ regulating ability would then be followed as

progressive smolt devel opnent was occuring.
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Appendi x 5 (continued)

social Security Pond
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Appendix Figure 1. Summary of results of a 24-h seawater chal | enge
using release groups (group 1 - "early" fish; group 2 - "late" fish)
of fed fish at Social Security Pond and Rock Creek and hatcher
control fish from Spring Creek National Fish Hatchery. Bar grap
represents blood-plasma Nat levels in freshwater (F) at beginning of
the challenge (open bar) and after a 24-h seawater (S) exposure
period (hatched bar?{ ATPase val ues for each group are included at
the base of the graph. _

Summary tables represent the results of a Newman-Keuls nultiple
conparison including analyses of plasma -Na+ |evels between groups
and within groups, conparisons of ATPase activity anong groups,
and conparisons of sizes (fork lengths) of test groups.
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Appendix 6. Summary of one-way ANOVA and pl anned

conmparison of size at release (fork Iengths)

of hatchery fish and early and late groups of fed fish reared in pens at Social Security

Pond, 1985.

Early fish (Pens 7-12):

ANOVA:
Sour ce D.F. S.S. MS.
Model 6 1848.2 308.0
Error 337 8363. 6 24.8
Corrected
total 343 10211. 8
Pl anned Conparison (Sokal and Rohlf 1969):
Pen Nunber Hat chery

78 9 10 11 12
EY = 3491 3570 3652 3412 3582 3560 2949
N= 50 50 50 50 50 50 45
Y=69.8 71.4 73.0 68.2 71.6 71.2 65.5
(2949)% + 21,266)° - (24,216)° = 1122.11
15 300 15

S.S. 1122.1
MS. Error (from ANOVA) = 24.8

SS

mal
11

= 45.21

F .05 (1,337) = 5.07

- Hatchery (control) significantly smaller than
test groups.

Late fish (Pens |-6):

ANOVA:
Sour ce D. F. S.S. M S.
Model 6 351.2 58.5
Error 340 9935.1 29. 2
Corrected
t ot al 346  10286. 2
Pl anned Conparison (Sokal and Rohlf 1969):

Pen Number
! 2 3 4 5 6
EY = 3340 3385 3308 3350 3492 3334 2949
N= 50 50 50 50 50 50 45
Y=66.1 67.7 66.2 67.0 69.8 66.7 65.5

Hat chery

SS = (2949)% + (20,173)% - (23,122)° = 114.6
15 ~ 300 345

F= S.S. = 114.6 = 3.92
MS. Error (from ANOVA)  29.2

F .05 (1,340) = 5.07

- No difference (P> 05) between hatchery
(control) and test groups.
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Appendi x 7. Summary of one-way ANOVA and planned

conparison of size at

fish and early and late groups of fed fish reared in pens at Rock Creek, 1985.

Early fish (Pens |-6):

ANOVA:
Sour ce D.F. S.S. MS.
Model 6 951. 4 158. 6
Error 334 12729.6 38.1
Corrected
tot al 340  13860.9
Pl anned Conparison (Sokal and Rohlf 1969):
Pen Nunber Hat chery
1 2 3 4 5 6
EY = 3438 3552 3441 3572 3703 3674 3116
N= 49 50 49 50 50 50 45
Y= 70.2 71.0 70.2 71.4 74.1 73.5 69. 2

SS = (3,116)% + (21,380) - (24,495)% = 244.19
45 298 343

F

S.S. 244. 19
r (fromANOVA) = 38.1 = 6.41

- MS. Erro

F .05 (1,334) = 5.07

- Hatchery (control) significantly snaller than

test groups |

Late fish (Pens 7-12):

ANOVA:
Sour ce D. F. S.S. MS
Model 6 4584.5  764.1
Error 338 10705. 4 3L.7
Corrected
total 344 15289. 8
Pl anned Conparison (Sokal and Rohlf 1969):

Pen Nunber
1 8 9 10 11 12
EY = 3217 2862 3086 3365 3281 3117 3116
N= 50 50 50 50 50 50 45
Y =064.3 57.2 61.7 67.3 65.6 62.3 69. 2

Hat chery

SS = (3116)2 + (18,928) - (22044)% = 1481.35

45 300 345
F = S.S. 1481. 35
MS. Error (from ANOVA) = 317 = 46.76

F .05 (1,338) = 5.07

- Hatchery (control) significantly larger than
test groups.

rel ease (fork lengths) of hatchery



Appendi x 8.  Summary of one-way ANOVA conparing size of early and |ate

groups of fed fish in pens at release éfork | engt hs) at
Social Security Pond and Rock Creek, 1985.

Social  Security Pond

ANOVA:
Sour ce . F. S.S. MS. F
Model 1 2207.9 2207.9 75.2
Error 597 17528. 1 29. 4
Corrected
total 598 19736. 0
F .05 (1,597) = 3.84
Rock Creek
ANOVA:
Sour ce D.F. S. S. MS. F
Model ! 11086. 7 11086. 7 261. 3
Error 594 25200. 3 42. 4
Corrected
total 595 36287. 1

F .05 (1,594) = 3.84
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Appendi x 9.

Weekly fish nortality by pen at Social
Creek,y 1985. y P

Security Pond and Rock

Social Security

Dat e

(fed fish)
Pen Nunber

[ SN
O WO U1~ oo —

— —
o

Rock Creek
(Ted fish)

Pen Nunber

— — =
NP O WO T oT S o —

(unfed fish)

13 - low density
14 - low density
15 - nediumdensity

16 - nmedium density

17 -
18 -

high density
high density

632
189
133
44
53
103

66

92
192
121
190
382

Bwh”hh

ocorhoO—O R~ —ERO

Coo, ,.ON—ROowow

OODOODOOOo O

91
53
15
37

211

103

— O

010 o

ODOOSCCOoOO

W —
SwWworEko

b 1 1

9 5 33
6 37 33
18 161 134
80 758 257
51 507 233

(5/16 - release
Pens no. 7-12)

(5/17 - rel ease
Pens no. |[-6)

(5/20 - release
Pens no. |-12)

(6/5 - release

Pens no. 13-18
into barrier
net)
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Appendi x 10.

Results of conparison of sizes (fork |engths p m) and ATPase
activities of unfed fish at |ow (.002 [b/ft"), medium (.004
Ib/ft%), and high (.008 Ib/ft”) densities using a one-way
analysis of variance and a Newman-Keuls test of multiple
conparison, 1985.

Sunmary of one-way ANOVA (P = .05):

Dependent variabl e Sour ce d.f. ANOVA S. S. f-val ue P>f

Fork length

Density 2 693. 44 17.09 0.0001

ATPase activity Density 2 170.73 4.43 0. 0164

Summary of multiple conparison®

Variabl e Density Mean Val ue N G oupi ng
Fork length Low 63.9 98 A
Medi um 62.9 100 A
Hi gh 60. 3 100 B
ATPase activity Low 14.97 19 A
Medi um 13. 39 20 AB
H gh 10. 84 20 B

“Those with same grouping number were not significantly different

at .05 level.
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Appendix 11. Size distribution and taxononic conposition of fish predators
collected within the barrier net during two seine hauls on
5/9 and 5/22/85, Rock Creek (total Iengths).

Length frequenc

ofa
Speci es.
Largenout h bass 1 0 2 1 0 4
Smal | mout h bass 1 3 2 0 1 13
Crappi e 85 38 0 1 0 123
Yel | ow perch 10 1 0 0 0 1
Squawf i sh 1 0 0 1 0 2
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Appendix 12. Size (length, weight, and nunber/Ib) and gill ATPase activity
of control groups of fall chinook salnon reared at the Little
Wite Salnmon and Spring Creek National Fish Hatcheries, 1985.

Little Wite Sal non

Length (mmj

Vi ght  (9)

No. /b

ATPase activity

Spring Creek

Length (mj)

Vi ght ()

No. /1D

ATPase activity

Date
57 517 531 6/12 6/19
62.0 63.7 69.0 73.2 75.9
2.43 2.84 3.73 4.32 5.16
187 160 122 105 88
9.53 - 8.93 7.28
Date

48 4 28 5/2 58 515  5/31 6/12

45.0 46.5 48.8 57.7 61.6 658 71.7 76.3
1.20 1.33 1.49 2.20 2.57 2.67 3.66 4.44
3718 341 305 225 177 170 124 102
9.0 11.3 7.4 11.2 11.0 9.1 16.0 9.5
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Appendix 13. Efficiency ratios (E.R.) Senn et al. 1984) for off-station rearing using net pens, a barrier
net, and traditional hatchery methods using concrete raceways. Off-station costs were determined from
actual expenses incurred wusing various test densities (Novotny et al, 1985) and from estimated expenses
using recommended loading densities for net-pen rearing (Senn et al., 1984). Hatchery costs were determined
from a combination of summarized expenses (Senn et al. 1984) and actual costs of rearing fish at the
Little white Salmon National Fish Hatchery (J. Bodle, Hatchery Manager). Discounting rate (r) was
considered to be .10 for these calculations, but it may vary considerably.

A. Net pen-low density (.043 1b/ft3);

1000A20, r 1b/$ $/1b
E.R.= = L4 7.4
20241+ 4797+ 4791vq,, + 4791v7,, -  684Vy v 94Azq,r +  1252A30,r + 241720,
initial cost initial cost replacement replacement unus food oO&M labor cost
(pens, fames, (nets, covers ) cost cost net & cost
feeders) cover

B. Net pen-high density (.086 lb/ft3):

1000A20,!‘
E.R.= S = ,26 3.85
10203+ 2415 + 2415vy o + 2415v9,, -  345v5 . - WA,y +  631Ay, ¢ +  1218A p
initial cost initial cost replacement replacement unused * ood o6& M labor cost
(pens, frames, (nets, covers) cost cost net & ‘o8t
feaeders) cover
C. Net pen (.3 1b/£t3) Senn et al, 1984):
1000A29, ¢
E.R.= — = .73 1.37
2915 + 690 + 690Vy ¢r - 690V r + 98vy,, + 3J00A,r ¢+ 180A%0, ¢ + 348ay, ¢
initial cost initial cost replacement replacement unused food O&M labor
(pens, frames, (nets, covers) cost cost net & o8t cost
feeders) cover
D. Barrier net (.001 1lb/ft3);
1000!10'1.
E.R.= = ,13 7.69
«25,200 + 10,74 + 1796A0,r
initial cost initial cost 0O&M
(netting) (anchors,
floats, etc.)
E. Hatchery comparison (single pass):
1000As0, ¢
E.Re = = ,18 5.56
6440 + 6000 + 6000V32s , r+ 631A50,r + 600Aso,r+  2350As0,r + 835As0,r
raceway cost plumbing cost replacement water food O&M labor cost

acont cost cost



Summary of Expenditures for 1985

Sal aries and Benefits
Travel and Transportation
Equi pnent
Non- expendabl e
Expendabl e
Qperation and Mintenance

Over head

Tota

65

145, 611
15,611

47,919
19, 110
8, 389
111, 896

348, 536



