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1. Salmon Ecosystem Model (SEM)

This model will permit one to investigate, model, and determine quantitatively
the following:

— Seaward migration of smolt: timing of migrations as affected by run-
off and other environmental anomalies, coastal migration routes, predation by
birds and estuarine/coastal fish populations, and year-to-year variations in
this predation.

— Oceanic life of salmon: migrations and distributions, as affected by
environmental factors and boundaries (e.g., temperature, currents, their
anomalies), relative food availability as affected by environment and its
anomalies, and the effects of food availability on growth and maturation.

— Return runs: timing as might be affected by environmental anomalies
and past history of offshore distributions.

Among additional objectives of this model is the testing of possibilities to
predict possible different offshore distributions of salmon originating from
different rivers, and possible prediction of the size of runs as affected by
oceanic conditions.

2. Open Coast Ecosystem Models (OCEM)

This model is intended for evaluation and prediction of the abundance and
monthly availability of selected, commercially important resources off the
open coasts. It will be adapted to four specific areas: (1) southeastern
Alaska coast, (2) Gulf of Alaska coast, (3) Aleutian Island area, and (4)
Washington-Oregon-California coast. This model will be in many respects
similar to DYNUMES, with some simplifications: Instead of the equal area
grid in DYNUMES, OCEM will have "boxes' which correspond to fisheries
statistical subareas as well as to ecological divisions (such as depth
distribution and oceanic boundaries-convergences/divergences). This model
will not compute steady migrations of resources, but subjective ""mass"
movements from 'box" to "box" as derived from existing empirical evidence.
The open boundary conditions will be prescribed.

Among the objectives of the use of these models (OCEM) are: to determine
the month-to-month production, abundance, and availability of commercially
important resources as affected by environmental anomalies, fishery, and
interspecies interactions. Some emphasis in these models will be placed
on demersal resources. The models wiil include for each species:

— Growth, grazing (consumption) and fishery.

— Seasonal movements (including seasonal depth migrations of demersal
resources.

—— Effects of environmental anomalies (ascertained from various "point
observations'" on individual species.
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VII. RESOURCE~ENVIRONMENT RESEARCH

Optimum resource assessment and fishing occurs when man permits natural fish
behavior to perform the function of concentrating fish; this may occur in

a number of ways: during periods of spawning, aggregations in the vicinity
of concentrations of food and at oceanic and coastal frontal zones, and
orderly migrations along narrow routes. However, perpetuations of a species
depends on inherent behavior or response to constant or cyclic natural
phenomena that permit continual spawning success. All of these activities
are related to the environment. Successful spawning depends on optimum
environmental conditions for maturing fish that aids maximum gonad develop-
ment and optimum conditions at the time of spawning, not only for fertiliz-
ation, but survival of eggs. Microscopic organisms of the right size and
abundance must literally surround the larvae during early life stages to
prevent starvation, and adult spawning sites must be such that the subsequent
planktonic drift will provide conditions necessary for survival and develop-
ment of the organism until it can actively maintain an optimum environment.
At the present time little effort is expended on these phases of the life
history of fish for various reasons, usually because limited funds are
necessarily used in observing and assessing later life stages that are more
stable and accessible. However, even though the fisheries biologist feels
that he hasn't any control over early life stages, it is always rewarding

in the long run to know why things occur rather than what, and research
plays several important roles in this regard. When a large year-class
reaches maturity, it is assumed that prolific spawning will result and
equivalent progeny be produced, but in many cases this does not occur.
However, rarely are reasons known or given, and incomplete studies on adult

components continue as before. However, in the future it may well be desirable,

perhaps even necessary, to know whether the failure of a large year-class
to produce another was due to environmental conditions, behavior, physiology,
pollution, or predation.

Although some fishery biologists argue that statistical assessments of adult
populations are adequate for management purposes, and that deviations caused
by environmental conditions only result in minor fluctuations or ''moise' in
the data, it is apparent that such statistics are largely "first guess'
fields that must be improved. Improvement can only come through better
understanding of multi-species interactions because exhaustive surveys using
specialized gear at critical times and critical places for all species is
extremely difficult, if not impractical. And, if multi-species studies are
required, knowledge of the total environment (not just bottom temperatures

for groundfish and surface temperatures for pelagic fish) is required. Obviously

a complete study of the environment is a huge undertaking beyond the present
support of fisheries studies and much of the specialized knowledge lies
beyond the capability of fisheries grouvs. However, because fisheries
interests can demonstrate a real and immediate need and use for studies
covering the entire ecological spectrum, it is apparent that any and all
environmental! studies have a bearing on fishery problems. The important
point here is that fisherZes: gzroups must identify and point out priorities.
These priorities can be expressed in general or specific terms. The entire
marine science community, including fisheries, should be encouraged to aid
in the solution of the former, and the fisheries interests should be willing
to directly support or actually conduct the latter.
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Polychlorinated biphenyls (PCB's), which have substantially the same toxic
and chemical properties of pesticides, are carried into the ocean by sewage
outfalls and by airborne fallout, and there is some question that PCB's may
be a degradation product of DDT. Levels of 2 kg PCB's per day have been
estimated in several sewage outfalls in California. There is evidence that
near-coastal strains of specific flora are more resistant than open-ocean
strains. At concentrations above 10 ppb primary production is gradually
depressed with increasing concentrations, and above 300 ppm toxic effects
to fish can occur.

There is a large group of additional compounds present in industrial organic
wastes, 120 have been identified in the Rhine River alone, and the number
that have up to now escaped detection, as well as the number yet to. be
produced, is unknown.

Obviously organic pollution is a problem confronting fisheries yet one that
is difficult to address without a considerable shift in present emphasis

or the influence of new funds and personnel. Although the chemical aspects
are difficult to address at this time, controlled experiments in the labor-
atory are possible and are being carried out. However, the tracing of the
ultimate fate of these pollutants from a specific source is a problem that
can be addressed by fishery groups and will require extensive knowledge of

not only small scale but also large scale environmental and ecosystem processes.

B. SMALL-SCALE, SHORT-TERM STUDIES

There are a number of specific applied resource-environment studies in addition

to those already mentioned that could be carried out during a single time
period, either independently on a dedicated vessel as part of a multi-ship
program, or even a dedicated multi-ship program. Although further amplifi-
cation might be desirable with respect to temporal and spatial variations,
definitive answers to basic questions would result.

1. Drifting Telemetry Buoys

Oceanographers are prone to draw flow fields based more on imagination than
fact, usually rather smcoth streamlines are drawn in areas where eddies are
commonplace. Obviously this is because of insufficient data. Thus, there
is a need for drifting, satellite tracked, telemetry buoy studies similar

to those recommended to the INPFC a decade ago. One has to ask, if Federal
funds support drifting buoy programs in the mid-~Pacific and Antarctic areas,
why can't we afford one to solve more immediate fishery problems in the
northeastern Pacific Ocean? One of a number of buoy experiments proposed
by the NMFS Standing Committee on Oceanography in 1972 was a Buoy Experiment
in the Eastern Pacific (BEEP), which called for drifting, satellite~tracked,
telemetry buoys to be released at 100 km intervals along a north-south line
off the west coast of North America in order to illuminate not only onshore,
but alongshore flow, during a winter and summer period. This is still
considered an excellent experiment (Figure 98). These buoys are relatively

inexpensive (~~$3-5K) and can be recovered and used again, unless lost through
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Figure 98. Drifting telemetry, satellite tracked, data Buoy Experi-
ment in the Eastern Pacific (BEEP) proposed by the NMFS
Standing Committee on Oceanography in 1972 in order to
ascertain offshore and coastal flow patterns. Squares
show locations buoys were to be released during a winter
and a summer period in order to relate migrations of
salmon, albacore, and other fish to environmental conditions.
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battery failure or other damage. Because these buoys are recoverable, it
1s possible that they can be borrowed from the National Data Buoy Center,
other national programs have access to them. Buoy release at sea should
not prove to be difficult with all the present vessel activity in relation
to ongoing Federally funded marine programs.

Although there have been a number of successful and significant buoy tracking
experiments, an example of a single buoy released in the Gulf of Alaska by
the Atlantic Oceanographic and Meteorological Laboratory (Figure 99) is more
than adequate to show the information on flow that could result. Here is

an example of a drift trajectory that not only moved from an offshore regime
but swept inshore and along the coast, clearly defined an eddy west of Sanak
Island, moved into and around Prince William Sound and went aground just
before exiting the Sound. With only a little bit of luck it could have re-
entered the coastal flow and been carried into the complex flow in the Cook
Inlet~Kodiak Area. Certainly this one buoy has provided more information

on flow in the northern Gulf of Alaska than all of the previous inshore
studies combined, and shown a well ordered flow that could not be pieced
together from the most extensive drift bottle study. The insight into
larval drifts, as well as possible juvenile and adult fish migrations that
could be obtained by selected buoy experiments, is more than amply demon-
strated. The important point to remember here is that such techniques are
not new and have been in many instances proposed and developed by fisheries
groups; however, this study was funded by the Bureau of Land Management in
relation to potential oil pollution studies and conducted by a group far
removed from the local scene, even though the program was well coordinated
with local marine groups. There are a number of areas where drifting
telemetry buoy programs would be of considerable benefit to fishery programs.

2. Satellite Data

Satellite imagery has been available for over a decade and has provided
considerable insight into ocean conditions and processes. An example has
already been given of upwelling off the west coast of the United States

(see Figure 37). 1Initially, the imagery provided cloud cover data. When
the large-area daily synoptic pictures that delineated not only the extent
of low pressure systems, but also an indication of the intensity and location
of the centers of these systems, were combined with the fragmentary ship
reports of sea level pressure, much of the guess-work in constructing trans-
pacific pressure fields was eliminated. Although more accurate pressure
fields were obtained, this advance made many of the old data rather obsolete
for comparative purposes because in most instances the intensities of the
highs and lows had been generally greatly underestimated (only when a ship
report was made at the center of the low, which most ships tried to avoid,
was the intensity of the low ascertained).

Considerable interest was shown (primarily by individual investigators) in
the trade wind zones and monthly mean charts of cloud cover were constructed
for the area lats 20S to 20N, but only the daily imagery was available for
the Subarctic Pacific Region. Visual interpretations of daily cloud cover
for the year 1969 were integrated into monthly mean charts in the eastern
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