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Introduction 

The predominant contemporary philosophy in aquaculture has evaluated cul- 
ture schemes in terms of yield of product biomass per unit surface area. This 
has resulted in a trend toward increasing the intensity of aquaculture in North 
America during the current century. The criterion is poorly suited for econ- 
omic analysis of commercial aquaculture because it is not weighted with respect 
to production costs associated with different degrees of intensity. It is an 
often ignored fact that there is an inverse relationship between production 
costs and degree of intensity at the present state of the art. 

The least intensive approaches to aquaculture are referred to as extensive 
aquaculture, drawing on an analogy to livestock production, and are popularly 
referred to as ocean ranching. Anadromous fish such as Pacific salmon lend 
themselves well to the extensive concept, since they can be produced effi- 
ciently and inexpensively in hatcheries, released to harvest energy from natu- 
ral sources, and harvested upon return to the natal facility. Based upon 
energetic considerations, the production cost per unit of crop value is much 
lower for the extensive concept than for even the most favorable intensive ap- 
proach to the production of a given species. 

The chum salmon pilot production project at Netarts Day, Oregon, is intended 
to develop a technology for commercial application of extensive salmonid cul- 
ture on the one hand, and to demonstrate that technology on the other. 

This report reviews operations attendant to the pilot production of chum sal- 
mon at Metarts Bay during the period June 1972 to the present. The current 
status of the project is summarized and the outlook for the future is discussed. 

Background Information 

The pilot production project was initiated in 1968 by Dr. W. J. McNeil, then 
associate professor of fisheries at Oregon State University. The project site 
selected was located on Whiskey Creek, a tributary to Netarts Bay, on land don- 
ated to the University by the Victor Swanson family. A prototype streamside 
incubator hatchery was constructed during the summer of 1968. This hatchery 
was comprised of deep bed gravel incubators and a water system consisting of 
electrically driven pumps which lifted water from Whiskey Creek into an eleva- 
ted head tank. During the summer of 1969 a system of earthen raceways was in- 

stalled. A laboratory and dormitory building, now known as the Swanson Aqui- 
culture Laboratory, was completed in 1970. The entire complex has become known 
as the Netarts Bay Fisheries Culture Station. 

Salmon propagation activities commenced during the fall and winter of 1968. 

During the fall of that year 250,000 pink salmon eggs obtained from Alaska were 
placed in the prototype incubators. Operational problems encountered with the 
hatchery water supply resulted in essentially complete mortality. Later that 
same year, 100,000 Chinook salmon eggs and 165,000 coho salmon eggs were placed 
in the incubators. Seventy -five thousand Chinook fry and 75,000 coho fry were 
successfully hatched. 
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The prototype incubators were modified extensively in 1969 and again in 1970. 
During the 1969 season, 600,000 pink salmon eggs were imported from Alaska. 
The following spring, 393,000 fry resulting from this importation were released 
into Netarts Day. No returns from this release were realized. Also during the 

1969 season, 280,000 chum salmon eggs derived from the Whiskey Creek stock were 
placed in the gravel incubators. A release of 175,000 unfed fry and 50,000 fin- 
gerlings resulted from these activities. Returns of chum salmon from these re- 

leases will be discussed in a later section. During the 1970 season, 750,000 
chum salmon eggs, also derived from Whiskey Creek stock, were placed in the gra- 
vel incubators. Four hundred fifty -one thousand unfed fry and 30,000 fingerlings 
were subsequently released. 

During the summer of 1971 a new configuration gravel incubator was installed 
at the Netarts Bay Facility. This incubation system was called the Netarts 
gravel incubation hatchery, Model #1, by Dr. McNeil and his associates. Later 
that year 275,000 chum salmon eggs from the Whiskey Creek stock were placed in 

the new incubation system. The following spring, 225,000 unfed fry were re- 
leased into Whiskey Creek. 

The projected growth of the Whiskey Creek chum salmon population, taken from 
an earlier progress report by Dr. McNeil, is presented in Table 1. Also in- 

cluded in this table are predicted returns which Dr. McNeil projected on the 

basis of a one percent marine survival of the fry released. 

Support for the project during this period was provided by the Oregon State 

University Sea Grant Program, the Fish Commission of Oregon and the Bureau of 
Commercial Fisheries. Also noteworthy were the unselfish contributions of 
time and equipment by numerous Netarts residents and especially by Crown Zel- 
lerbach Corporation. 

During the period of the present report, support has been derived from the Ore- 
gon State University Sea Grant Program and the Oregon Agricultural Experiment 
Station. The Fish Commission of Oregon has cooperated extensively and has con- 
tributed surplus material for the improvement of the hatchery facilities. 

During the summer of 1972, Dr. McNeil left Oregon State University to accept 
a new position in Alaska. Project leadership was assumed by the author. Con- 
current with these personnel changes, other factors necessitated that project 
direction be formalized. During 1971 the Oregon State Legislature enacted leg- 

islation which would permit the production of chum salmon by private enter- 
prises. The enactment of this legislation was followed by an immediate res- 

ponse by private individuals in Oregon. As of May 1, 1973, 15 formal applica- 

tions for permits to operate private chum salmon hatcheries had been received 

by the Fish Commission of Oregon and four permits had been issued. Thus a 

new industry was emerging. The pilot program at Netarts suddenly became a 
model for industrial production of chum salmon. Further, it has emerged as 

the only egg source available to private producers. The present objectives 
of the project are as follows: 

1. To develop technology enabling production of juvenile chum salmon for 

direct release into marine wuteis and enabling the harvest of the re- 

turns from these releases. 
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Table 1. Predicted surplus production of chum salmon eggs at the Netarts Bay 
experimental hatchery.* 

Year 

Predicted 
No. hatchery 
adults!/ 

Total 

eggs?/ 
Eggs for 

(minus) hatchery (equals) 

Surplus 

eggs 

1969 

1970 

0 

0 

1971 0 

1972 1,100 1,375,000 - 1,200,000 = 175,000 

1973 3,500 4,375,000 - 1,200,000 = 3,175,000 

1974 3,650 4,550,000 - 1,200,000 = 3,350,000 

1975 6,250 7,875,000 1,200,000 = 6,675,000 

1976 10,000 12,500,000 1,200,000 = 11,300,000 

Later years same as 1976. 

1/ Based on assumed 1% marine survival of hatchery juveniles and 50:50 ratio of 
return of three- and four -year -old adults. 

2/ Based on 50:50 sex ratio and average fecundity of 2,500 eggs per female. 

* Source: McNeil, W.J. 1972. Culture of Salmon Acclimated to Sea '.Dater: 
Fifth Progress Report. Oregon State University, Newport, Oregon. 

- 
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2. To generate a chum salmon producing industry by assisting with the 
incorporation of this technology into privately operated commer- 
cial chum salmon hatcheries, and by providing surplus eggs and 
sperm to commercial operators to establish their stocks of chum 
salmon. 

Formalization of project objectives necessitated a review of the agreement ex- 
isting between Oregon State University and the Fish Commission of Oregon per- 
taining to the operations at Whiskey Creek. This agreement was renegotiated in 

1972. A copy of this agreement is attached to this report as Appendix 1. 

Production Operations 

Cumulative release statistics summarizing pilot production to date are presented 
in Table 2. Inspection of this table reveals that releases have increased sign- 
ificantly during the period of this report. Attendant with production opera- 
tions, a continuing evaluation of the hatchery system has been accomplished. 
This evaluation included observations relating to function of the streamside in- 
cubation system, trapping operations, suitability of the Whiskey Creek water 
supply, and predation upon fry by populations of predators in the tidewater 
area of Whiskey Creek. 

The streamside incubator evaluation included observations relating to water 
flow characteristics in the incubators, function of the egg support screens, 
accessibility of gravel to the emerging alevins, fungus control, and problems 
relating to siltation. 

The egg support screens were observed to function satisfactorily; however the 
combination of fungal growth and siltation restricted the access of fry to the 
gravel. The problem must be circumvented by cleansing of the screens prior to 
hatching. Nylon mesh screens, and screens made of Vexar, a DuPont thermoplas- 
tic, were both evaluated. The Vexar screens were found to be somewhat easier 
to clean and not as restrictive to the movement of alevins. Water flow through 
the incubator presented some mechanical problems. we were unable to correlate 
these problems to egg mortality prior to hatching. However, the streamside 
incubators do not provide uniform water flow to all the eggs in the incubation 
system. 

During the 1972 spawning season several prototype trap configurations were 
tested. Each of these were temporary traps placed in the stream and secured 
with steel fence posts. One of these trans proved to be very effective. How- 
ever, because of the, cJnstruction .techniquesiemployed in assembling a tempo- 
rary trap, problems were encountered in retaining the trap in the stream during 
periods of high stream flow. During the summer of 1972 a permanent trap was 
installed in Whiskey Creek, in the tidewater area between Whiskey Creek Road 
and the Bay. The Fish Commission cooperated in the development of this trap 
by providing three surplus 1 -beam tripod structures which had previously been 
utilized in another trap. The trap functioned faultlessly for the first 12 

days of the season. At that time flooding associated with a severe storm re- 

sulted in erosion of the stream banks on both sides of the trap and rendered 
the trap ineffective. Thus the situation this year was slightly different than 
that encountered in previous years. The trap held through periods of high 
stream flow but the instability of stream banks rendered it ineffective. 
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Table 2. Chum salmon releases from detarts Hatchery 

Brood year # unfed fry # fingerlings 

Return years 

Total release (age classes) 

1969 -70 175,000 50,000 225,000 1972 (III) 

1973 (Iv) 

1970 -71 451,000 30,000 481,000 1973 (III) 

1974 (Iv) 

1971 -72 225,000 225,000 1974 (III) 

1975 (Iv) 

1978 -73 570,580 570,500 1975 (III) 

1976 (IV) 

1973 -74 761,000 761,000 1976 (III) 

1977 (Iv) 

-- 

-- 

-- 
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Prior to the period covered by this report, fresh water diseases carried over 
into the marine phase were observed in chum salmon which were hatched at Whiskey 
Creek and then reared in fresh water and subsequently in seawater at the Port 
Orford station. We thus became concerned that these diseases were contracted 
at Whiskey Creek. During the 1972 -73 season we therefore established an experi- 
ment to determine if fresh water diseases might be a problem with the Whiskey 
Creek water supply. Groups of fish hatched in a streamside incubator utili- 
zing the Whiskey Creek water supply were compared to sibling groups which were 
incubated in a streamside incubator supplied with filtered, UV- irradiated domes- 
tic water from the Metarts later District. The fish were transferred to the 
Marine Science Center and reared in seawater for a period of 5 months and were 
then evaluated for the presence of fresh water and marine diseases. Fresh water 
fish pathogens were not detected in either group. However, the fish incubated 
in the domestic water supply were, for some reason, somewhat less sensitive to 
infection by Vibrio anguilarum, a marine pathogen. we do not understand the 
biological basis for this difference as each experimental group contained sib- 
ling fishes. However, these results indicate that the Whiskey Creek water is in 

some way less desirable for salmonid production than alternative sources. This 
observation is consistent with the observation that problems associated with 
fungal growth and siltation are much more severe at the "hiskey Creek hatchery 
than at the commercial hatcheries in which chum salmon eggs have been incubated 
to date. 

Prior to the release of fry during the 1972 -73 season a random sample of fry 
was taken to the laboratory of Dr. John Fryer for pathological evaluation. The 
fry were certified to be free of bacterial or viral pathogens. Pathological 
evaluations will also be accomplished with fish released during the 1973 -74 
season. 

Extensive predation by coastal cutthroat trout on chum salmon fry released in 

the spring of 1973 was observed. Discussion of the predation problem will be 
deferred to a later section as it obviously has profound influence on returns 
expected from hatchery releases. 

Manpower Considerations 

During the period of this report project personnel for hatchery operations con- 
sisted of the principal investigator and a seasonal hatchery attendant. The 
latter is in residence at the hatchery from October through April. Attendant 
to operations during 1972 -73 it became clear that staffing was inadequate dur- 
ing the spawning season and during the spring when dead eggs are removed from 
the hatchery. In order to complete spawning operations during the 1972 spawn- 
ing season, 208 additional man -hours, consisting of Marine Science Center tech- 
nical staff and friends of the principal investigator, were devoted to the pro- 
ject. In addition, commercial hatcheries donated time and assistance. During 
the 1973 spawning season, therefore, a closer accounting of man -hour expenditures 
was maintained. The following man -hour expenditures were in addition to budgeted 
project personnel: 
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Volunteers 96 man -hours 

Fisheries & Wildlife students from 
Corvallis desiring hatchery ex- 
perience 40 man -hours 

Technical staff from the Marine 
Science Center 128 man -hours 

Industrial support 
Cecil Harris 
Keta Corp. 

TOTAL 

24 man -hours 
150 man -hours 

438 man -hours 

Thus, an additional 438 man -hours were required to accomplish project commit- 
ments. Spawning operations would not have succeeded without this assistance. 
It is noteworthy that this assistance would not have been needed or that the 
requirements for additional man -hour expenditures would at least have been 
greatly reduced had adequate trapping facilities been available. 

In both seasons covered by this report, an additional 2 man -weeks were required 
during January and February to remove dead eggs from the hatchery and for cleans- 
ing of the egg support screens. 

Industrial Development 

Consistent with project objectives a considerable effort has gone into liaison 
with the developing chum salmon producing industry in Oregon. The principal 
investigator has replied to numerous inquiries relating to commercial chum 
salmon production, and advised commercial hatchery operators with specific prob- 
lems relevant to their operations. Thus, in addition to pilot production oper- 
ations, project staff have also been involved in activities tantamount to exten- 
sion functions during the period of this report. 

Experimental lots of approximately 10,000 eggs each were provided to the opera- 
tors of private hatcheries during the 1972 -73 season and again during the 1973- 
74 season. These eggs, which went to Siuslaw Fisheries, Oregon Aqua Foods, 
and Dick Creek Hatchery (Cecil Harris, et al.), enabled operators to test their 
facilities prior to undertaking large -scale production of chum salmon. 

Cooperation with the Fish Commission of Oregon relevant to the development of 
a salmon producing industry in Oregon has been a major facet of this project 
during the period of this report. The enactment by the Oregon Legislature of 
statutes permitting private production of salmon in Oregon, coupled with a 

positive management commitment by the Fish Commission of Oregon has resulted 
in the State of Oregon becoming a model for the commercial production of anad- 
romous fishes. 

Improvement of Hatchery Facilities 

In the course of production operations during the 1972 -73 season, several seri- 
ous problems were encountered with hatchery facilities. In addition to these 
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problems, numerous complaints relating to the general appearance of the prop- 
erty were received. 

During the summer of 1973 a rather comprehensive renovation of the hatchery 
site was undertaken. A work study student from OSU spent the summer at the 
Whiskey Creek station, and working with the principal investigator and members 
of the technical staff from the Marine Science Center, completed significant 
improvements to the facility. The water tower from the prototype hatchery was 
dismantled. The building which had previously housed electrically driven pumps 
for the water supply system was dismantled. A graveled and fenced storage area 
was completed. The hatchery area was graded and graveled. The incubators were 
relocated in positions which are functionally and aesthetically more desirable. 
Two raceways, each measuring 4 X 20 feet and 3 feet deep, were installed for 

the purpose of holding and ripening spawners. An improved water distribution 
system was installed. The Tillamook County Road Department cooperated in this 

aspect of hatchery improvement by installing a new culvert under Whiskey Creek 
Road at no expense to the University. The new culvert serves to increase the 
hydrostatic head of the water delivery system by approximately 2 feet. There- 
fore, we now have an abundant gravity flow of water available to the hatchery, 
and pumps are no longer required. The new water distribution system is com- 
prised of two 4 -inch mains which transport water from the settling pond east 
of the road to the incubator location. Either main can provide sufficient 
water for the operation of the entire hatchery. The mains are manifolded so 

that either can operate the entire hatchery. Thus, primary and backup water 
systems are now both gravity operated. 

Improvement of the water intake system was also undertaken. An additional .2 

acre of land was leased from the Swanson family. The additional land provides 
access to Whiskey Creek at an elevation whereby it is no longer necessary to 
utilize a dam to raise the level of Whiskey Creek for the purpose of appropri- 
ating water therefrom. A 12 -inch culvert 200 feet in length was installed be- 

tween the settling pond and the proposed location of the new water intake. 

It was not possible to complete the water intake structure because of early 
rains which made working in Whiskey Creek unsafe. We anticipate completion of 

this structure during the spring of 1974 and the new water intake system will 
be operational at this time. The board dam will be removed at that time. We 

will be relieved to no longer be dependent on that structure as it has proven 
to be unreliable and does not meet specifications established by the State 
Engineer. 

Evaluation of Returns to Hatchery 

Ninatten- seventy -two was the first year when hatchery produced chum salmon could 
have appeared in significant numbers in the Whiskey Creek population. The es- 

timated total return to Whiskey Creek in 1972 was 1300 fish. In 1973 an esti- 

mated 1500 fish returned to Whiskey Creek. While the returns are obviously 
less than the project returns shown in Table 1, they do indicate a significant 
increase in the Whiskey Creek population relative to recent years. Evaluation 

of the returns is confounded because hatchery produced fry were released un- 

marked. Therefore, it is impossible to distinguish hatchery produced fish 

from wild fish in the Whiskey Creek population. 
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One might be led to conjecture that the increase in the Whiskey Creek spawn- 
ing population in 1972 and 1973 has resulted from the inclusion of hatchery 

produced fish. However, there are tenable alternative explanations which can- 

not be excluded at the present time. For example, recalling that the Netarts 

Hatchery has been seeded with eggs taken from the Whiskey Creek spawning pop- 

ulation, and given that there are only approximately four-tegths of a mile of 

spawning habitat accessible to chum salmon in Whiskey Creek!, it is reasonable 

to hypothesize _hat hatchery operations may have tended to optimize the density 

of fish on the spawning grounds. 

The significance of the increased returns to Whiskey Creek is further obscured 
by the fact that populations of chum salmon in other Tillamook County streams 

also increased in 1972 and 1973. Information from selected streams in Tilla- 

mook County which have been among the better chum salmon producers in recent 

years has been assembled to compare the production of those streams to Whiskey 

Creek. The data presented in Figure 1 are peak counts taken from the annual 

spawning survey accomplished by the Fish Commission of Oregon for all streams 

except Whiskey Creek. Whiskey Creek data are peak counts from the Fish Commis- 

sion survey from 1960 through 1968 and total counts from OSU records from 1969 

through 1973. In Figure 2 the same data are adjusted to reflect the number of 

fish per mile. Figures 1 and 2 indicate that with only two exceptions the pop- 

ulations in each of the streams have behaved similarly, i.e. chum salmon popu- 

lations have increased and decreased coincidentally. The data subsequent to 

1963 are difficult to compare because the relationship between peak and total 

counts is not clear. Therefore, in Table 3 the percentage increase for each 

stream for 1972 and 1973 is compared to the average for each stream during the 

period 1969 through 1971. These data suggest a slightly greater increase in 

the Whiskey Creek population relative to the other streams considered. 

Analysis of the age composition of the Whiskey Creek population does not permit 

any definitive conclusions. In Table 4 the age composition of the Whiskey 

Creek population in 1971 through 1973 is presented. Also included is. the age 

composition of chum salmon populations taken from the Fish Commission spawning 

survey. The differences have not been compared statistically and what follows 

is a qualitative comparison. 

It may be seen from Table 4 that while Whiskey Creek had a slightly higher pro- 

portion of -old fish in 1972, the difference certainly is not very large. 

The increase in 3-year -old fish returning to Whiskey Creek in 1973 is somewhat 

closer to what would be expected if the population included significant numbers 

of hatchery produced fish. However, we regard these data as tenuous indicators 

of events at Whiskey Creek since we do not know the correlation in age composi- 

tion of chum salmon populations which exists between Whiskey Creek and the other 

Tillamook County streams. The 1971 data reflect an inconsistency between 

Whiskey Creek and the other streams surveyed. 

I/ A massive log jam 0.4 mile from the mouth of the creek precludes migration 

farther upstream. The author surveyed approximately three miles of Whiskey 

Creek in 1972 and again in 1973 and did not observe any chum salmon above the 

log jam. Derek Poon, personal communication, surveyed the stream in 1971 and 

reported the same observation. 
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Table 3. Comparison of percentage increases in selected chum salmon populations 
in 1972 and 1973. 

1969 

Number of fish per year 

1973 

Average % increase 

1970 1971 1972 1969-71 1972 1973 

Whiskey Creek* 400 700 400 1300 1500 500 260 300 

Coal Creek** 312 1383 889 1353 1662 1028 132 162 

Miami River ** 214 135 102 235 371 150 157 247 

* Total count (OSU records) 

** Peak counts (Fish Commission of Oregon survey) 

Table 4. Comparison of the age-class compositions of spawning populations of chum 
salmon in Tillamook County, Oregon. 

FCO Whiskey Creek 
Year Age FCO Sample size Whiskey Creek Sample size 

1971 II -- <1% 
III 52% (304) 37 (310) 
Iv 47 58 

v 1 5 

1972 II (336) (1% (655) 
III 31% 34 

Iv 67 65 

v 2 <1 

1973 II (352) 0% 

III 28% 56 (618) 

Iv 66 39 
v 6 5 

-- 

-- 
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Based upon information presented to this point, it is obvious that no conclusive 
statements can be made about the inclusion of hatchery produced fish in the 
Whiskey Creek population in 1)72 and 1973. The following evaluation admittedly 
involves a great deal of conjecture. It appears that the Whiskey Creek popula- 
tion was slightly larger than what would be expected in 1972 and 1973. This is 

probably due to the inclusion of some relatively small proportion of hatchery 
produced fish, although the hatchery contribution certainly falls short of the 
projected production presented earlier. We do not take this to mean that the 
Whiskey Creek hatchery will not ultimately make a significant contribution to the 
Whiskey Creek population. However, in retrospect, the returns realized in 1972 
and 1973 are probably what one might have realistically expected. 

During the 1969 and 1170 seasons, numerous problems were encountered with the 
prototype hatchery system. There is little doubt that these problems had a pro- 
found negative influence on the quality of the fry released. In 1971, Mr. Derek 
Poon, a graduate student in Fisheries and Wildlife, applied the methodology de- 
veloped by R.A. Dams to the evaluation of the newly installed Netarts gravel incu- 
bation system. There is nothing in Ir. Poon's results which would indicate that 
a reasonable return of fish produced in this incubation system is not likely. 
Based upon fry quality alone, one would expect depressed returns from releases 
of fry incubated in the prototype hatchery relative to releases of fry incubated 
in the more recent incubator configuration. 

At the time of fry migration during the spring of 1973, active predation by coastal 
cutthroat trout on chum fry was observed in the tidewater section of Whiskey 
Creek. This activity persisted for approximately 30 days, by which time all but 
an insignificant number of fry had dispersed into the bay. The author estimated 
that approximately 1,000 to 1,500 trout, ranging in size from approximately 4 

to 17 inches, ranged from the Ray into Whiskey Creek up to the head of tide dur- 
ing this period. 

The number of chum fry lost to predation during this period is difficult to deter- 
mine. Stomach counts of fry ingested by predators provide at best a lower limit. 
It is a well known fact that predators ingest a fraction of the prey that they 
attack and kill, and that the fraction is highly variable. Further, the number 
of fry killed per predator is related to the size of the predator, which, in the 
present case, is also highly variable. 

For the present evaluation, the potential influence of predation can be demon- 
strated by assuming that the predator population is density limited and at a 

maximum. In this case one would expect some relatively constant number of fry 
to be lost to predation from each release. Thus one might distinguish between 
a total release of unfed fry and an effective release, the latter number being 
the predation on unfed fry subtracted from the total number of fry released. 

The number of fry which would be removed from a fishery in a 30 -day period of 
vulnerability as a function of number of predators killing on the average, 3, 5, 
or 7 fry per day is shown in Figure 3. If our estimate of the size of the Whiskey 
Creek population is anywhere near accurate, it follows that a reasonable estimate 
of predation on chum salmon fry during the first 30 days following release would 
be in the range from 100,000 to 300,000. A production projection based upon 
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effective releases estimated as total releases minus 200,000 fry, and marine sur- 
vival of one percent of effective releases, is presented in Table 5. It may be 
seen that the returns observed in 1972 and 1973 are somewhat more consistent with 
this projection than with that presented at an earlier phase of the project. 

Regardless of the absolute accuracy of our estimate of predation, we are certain 
that predation on chum salmon fry is extensive and has profound production impli- 
cations. We anticipate that predation will be a consideration with which commer- 
cial producers will be forced to contend. We have considered three alternative 
approaches to managing the predation problem: (a) attempt to control the size of 
predator populations, (b) feed fry until they have grown to a size less vulnerable 
to predation, and (c) release sufficient numbers of fry to satiate the predators 
and still provide an economically adequate return to the fishery. The order of 
practicality of these alternatives is c, b, a, the latter being least practical. 
Adequate releases have now been made to test the practicality of the third alterna- 
tive. Returns from the 1)72-73 and 1973 -74 brood years will establish the merit 
or lack thereof of this approach to managing the predation problem. 

Outlook and Recommendations for the Future of the Project 

Assuming our interpretation of observations at Whiskey Creek to be correct, we 

anticipate the following pattern of future returns to Whiskey Creek. The 1974 
return will be similar in numbers to 1972 and 1973, i.e. between 1000 and 2000 
fish. The 1975 run should reflect a modest increase, totalling between 2000 and 
3000 fish. A very significant hatchery contribution should be apparent commenc- 
ing in 1976 and continuing thereafter. Assumption of the production responsi- 
bilities by the Fish Commission prior to the evaluation of the 1976 return seems 
unlikely. 

Future research objectives cannot be realistically established until such time 
as returns resulting from the releases made to date have been thoroughly evalu- 
ated. At the present state of development we can forecast directions which the 

project might assume depending on the extent of returns from these releases. 
Should the releases prove to be sufficient to demonstrate that there is indeed 

a sound economic and biological basis for a chum salmon producing industry employ- 
ing present methods, we would expect the Fish Commission of Oregon to assume 
production responsibilities and see the emphasis of OSU research shifting to 

providing support of the developing industry. This research would emphasize 
various aspects of maximizing the return to the fishery, including but not limited 
to research in disease management and genetic improvement of stocks. Addition- 
ally, research in the area of processing of the product and increasing emphasis 
on extension services would be expected. 

If the returns from the releases to date indicate that present production methods 
do not provide an economically feasible approach to commercial propagation, we 
would expect to modify our pilot production efforts to emphasize alternate prop- 
agation methods and management of the predation problem, including feeding the 
fish to a size where they can compete more effectively. The latter alternative 
would probably include the development and testing of diets specifically intended 
for chum salmon. 
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Table 5. Predicted returns of hatchery produced fish based on effective 
releases* 

Year of Three -year Four -year Expected 
return adults adults return 

Brood 
Year ; to . 

Brood 
Year No. 

1972 1969 125 1968 0 125 

1973 1970 1405 1969 125 1530 

1974 1971 125 1970 1405 1530 

1975 1972 1353 1971 125 1978 

1976 1973 2805 1972 1353 4653 

1977 1974 3300 1)73 2305 6605 

1978 1975 3800 1974 3800 7600 

* Assumes 1; marine survival and equal numbers of three- and four -year adults 
returning from each brood year. 
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It follows from preceding sections that our activities to date have raised more 
questions than they have answered. We have been cognizant of these questions 
throughout the duration of the project. However, the level of funding has re- 
stricted our activites to the minimum essentials relating to pilot production. 
Having gone this far, the prudent course to follow in the immediate future would 
seem to be to continue at approximately the same level of effort until we have 
thoroughly evaluated our present methodology. There are two exceptions to this 
recommendation. First, it is imperative that a satisfactory trapping facility 
be completed before operations commence for the 1974 -75 season. It is a state- 
ment of fact that we do not now have the capability to handle the numbers of fish 
which we have handled during the past two seasons without marshalling a large 
volunteer force. To this end I have asked Dr. Royal Brooks of the Department of 
Agricultural Engineering to assist me in formulating a plan to design and install 
an adequate fish trapping facility. This plan will emphasize stabilization of 
the Whiskey Creek channel in the area of the existing trap and will probably in- 

clude some modification of the existing trap. Dr. Brooks has not gone far enough 
at the date of this writing to provide complete cost estimates for this under- 
taking. We estimate that the upper limit of additional support needed to accom- 
plish this task would be $12,000. Of this amount, $2,000 is for engineering 
services and the remaining $10,000 for actual construction of the trapping facility. 

It is also important that some modification of the present manpower situation be 
made prior to the forthcoming season. Present staffing does not allow for the 
hatchery attendants time -off on weekends or in the event of illness. Thus, 
unless the principal investigator is able to be at the hatchery during these 
periods, the hatchery is unattended. The use of the principal investigator to 
fill in for the hatchery attendant raises the question of the best use of pro- 
fessional time. It is therefore recommended that during the forthcoming seasons, 
an additional part -time hatchery attendant be retained. 

Whereas project personnel have been involved in extension activities with in- 

creasing frequency, we submit that it is not too early for the Marine Advisory 
Service to become involved in this project with the ultimate objective of assum- 
ing an active role in the development of marine aquaculture in Oregon. It is 

further suggested that the time is right to start to consider marketing problems 
which the developing industry will face. 
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Epilogue 

The author wishes to openly acknowledge that the philosophy of the pilot pro- 
duction project has evolved in slightly different directions since Dr. McNeil's 
departure from Oregon State University. Such a process was inevitable, for in 

addition to the differences in research philosophies which invariably exist 
between principal investigators, changes in public attitudes regarding commercial 
fish production have demanded modification of the project objectives and opera- 
tion. In this spirit, nothing in this report is intended to be derogatory to- 
wards Dr. ;1c;!ei l and his associates. 

I do not regard the project as either "McNeil's project" or "Lannan's project," 
but rather as one aspect of a continuing aquaculture program at Oregon State 
University. Neither of us invented the concept of extensive aquaculture. Both 
of us have believed for some time that the application of this concept will 
ultimately result in significant production of animal protein. In retrospect, 
I feel that Dr. McNeil and I have each contributed expertise which, taken 
together, has resulted in a level of accomplishment which exceeds that which 

either of us would have realized independently. 



Appendix I. 

Agreement between the Oregon Agricultural Experiment Station and the Fish 

Commission of Oregon pertaining to the fisheries research station at Netarts 

Bay. 

AL 
THIS AGREEMENT made and entered into this 0 day of £ t J2J.I 

1973, by and between the Oregon Agricultural Experiment Station, hereinafter 

referred to as the Station, and the Fish Commission of Oregon, hereinafter 

referred to as the Commission, witnesseth: 

WHEREAS, the Station and the Commission, through cooperative research 

efforts, have contributed to the development of a commercial chum salmon 

producing industry in Oregon. Both parties consider this industry to be 

based upon sound aquacultural practices, and therefore desire to continue 

cooperation in the development of the industry. In the same sense, both 

parties are committed to assuring that the development of chum salmon pro- 

duction is orderly and does not jeopardize existing commercial and recrea- 

tional fisheries or any other aquatic resources of the State of Oregon. The 

parties therefore desire to conduct a continuing program of cooperative 

research and chum salmon production, including but not limited to the fol- 

lowing objectives: 

a. The design, construction, testing, and evaluation of streamside 

incubators. 

b. The development of technology for harvesting chum salmon upon 

return to their natal stream. 

c. The evaluation of marine survival of chum salmon released from 

the streamside incubators. 

d. mile pilot production of chum salmon in support of the preceding 

objectives and, in addition, for the purpose of generating surplus 

gametes which may be used to establish proprietary stocks for 

commercial operations. 

WHEREAS, the Commission and the Station together possess the resources 

to undertake this cooperative program, including the following facilities 

and programs: 

,= 

oy 
, 



2. 

a. The Commission supervises the licensing of private chum - salmon 
hatcheries. 

b. The Commission operates coho and chinook salmon hatcheries on 
several Oregon coastal streams. 

c. Tho Commission and the Station have continuing cooperative 
research of nutrition, diseases, and genetics of salmon. 

d. The Station operates a marine anuaculture research laboratory 
at Netarts Bay. Research in pilot production of chum salmon 
has been in progress since 1969. 

e. Both parties employ skilled personnel possessing expertise in 
the art and science of salmon culture. 

WHEREAS, the Station assumes primary responsibility for: 

a. The financing of operations of the facility at Netarts Bay. 

b. The pilot production of chum salmon in streamside incubators. 

c. The 
. development of a technology for harvesting chum salmon 

upon return to their natal streams. 

d. The evaluation of marine survival of chum salmon produced in 
streamside incubators at the Netarts Bay facility. 

WHEREAS, the Commission assumes primary responsibility for: 

a. The collection and disbursement to private hatcheries of 
surplus gametes. 

b. The approval of introduction of species into Oregon waters. 

c. The acquisition of experimental groups of salmon for use in 
laboratory studies. 

d. Providing consultation on matters relating to the art and 
science of chum salmon culture when sought by the Station, 
and providing such surplus materials or other resources as 
may be available and of use in the operation of the facility. 

NOW, THEREFORE, in consideration of the mutual covenants and under- 

takings set forth herein, it is agreed that: 

a. The Station will insure continuing natural reproduction in Whiskey 

Creek by releasing upstream not less than 100 mature chum salmon of each sex 

from each annual'return for natural spawning. 

r. 
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3. 

b. The Station will be permitted to harvest gametes from chum salmon 

entering Whiskey Creek, said gametes to be used for pilot production of 

chum salmon in streamside incubators and to be subsequently released into 

Whiskey Creek. Small lots of said gametes may be retained for other research 

purposes. The total number of ova harvested by the Station in any year will 

not exceed 1.2 million. 

c. The Station will be permitted to produce chum salmon for research 

purposes in streamside incubators at sites of licensed private chum salmon 

hatcheries. However, the number of eggs placed at any one site shall not 

exceed 10,000 in any year and must be provided within the 1.2 million total 

egg take limitation. 

d. The Commission will provide personnel to harvest and disburse 

surplus gametes resulting from the pilot production effort at Netarts Bay. 

The Station will make its facilities available for this purpose. 

e. The Station will provide reports of hatchery operations at Netarts 

Bay to the Commission on forms provided by the Commission. These records 

will include egg takes and loss, fingerling production, adults returning, 

and the disposition of carcasses resulting from operations at Netarts Bay. 

f. Published news releases will give full recognition to both parties. 

g. The Station reserves the right to assign graduate students to the 

program. Data accruing from these investigations will not be published prior 

to acceptance and completion of the degree requirements of the graduate 

student without prior approval of the Graduate School, Oregon State University. 

Results of this research will be published with approval of the Commission, 

which will receive full credit for its participation. The Commission will 

receive a copy of each thesis. 

h. Equipment and supplies on hand at the expiration of this agreement 

shall be retained by the Station. 

. 4 
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4. 

i. Both parties recognize that salmon production per se is not a 

function of the Station. Therefore, at such time as research accomplished 

by the Station has established that there is indeed a technologically and 

economically sound base for a chum salmon producing industry in Oregon and 

the Station wishes to be relieved of obligations concerning pilot production 

of chum salmon as specified by this agreement, the Station will so advise 

the Commission in writing. However, the Station will continue to operate 

the Whiskey Creek facility with the aid of Commission personnel as previous- 

ly, for the purpose of providing gametes to commercial operators, until the 

Commission has had the opportunity to request funds for this purpose of 

the state legislature. If the Commission request for state funds is not 

granted, the Commission and Station will cooperate to develop and obtain 

approval for alternate means of insuring continuation of a supply of gametes 

for private chum hatcheries in Oregon. 

J. This agreement shall be reviewed annually and revisions made as 

agreed upon by both parties. 

IN WITNESS WHEREOF the parties have affixed their signatures hereto 

the day and date first above written. 

APP V L FISH COM!I I SS I ON OF OREGON 

Assi tant Attorney General Director 

r. OREGON ,RICULTUP EXPERIMENT STATION 

arec or, enera ervices 

Administration 
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