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2AM1993-MEQ03 POSTER
ECOLOGIC ASPECTS OF THE BIOCHEMICAL STUDIES IN THE BERING AND OKHOTSK
SEAS

Al Agatova, N.M. Lapina and N.I. Torgunova, Russian Federal Research Institute of Fisheries and
Oceanography (VNIRO), 17 V. Krasnoselskaya, Moscow 107140, Russia.

In June-July of 1992 during the 22nd cruise of the R/S "Academic A. Nesmeyanov" studies of
horizontal and vertical distribution of the dissolved and particulate organic carbon (C_) as well as
of its main biochemical components (protein, nucleic acids, carbohydrates and ﬁpids) were
undertaken.

Concentrations of the dissolved C_,, in the Bering and the Okhotsk Seas ranged from 1.5 to
6 mg 17, and from 2 to 8 mg 17, respectively. Spatial distribution of Corg both horizontally and
vertically was rather heterogeneous and depended on biological factors. ~ Concentrations of the
particulate C,, ranged from 0.3 to 2.1 mg 1". The dissolved Corg made 3-70% of the particulate
one.

For the dissolved organic matter the main biochemical component was carbohydrates, while
for the particulate one it was protein. Both horizontal and vertical changes in biochemical
components distribution depended on biological factors.

The activity of the electron transfer system (ETS) enzymes and alkaline phosphotase were
estimated to determine rates of the OM transformation and regeneration of nutrients.

In the boundary waters of the Bering Sea and the Pacific characterized by the maximal
vertical gradient of oxygen an increase of the ETS enzymes total activity was observed.

Areas of the intensive primary production were characterized by high rates of phosphorolise
and negative correlation of the latter with concentrations of the inorganic phosphorus.

By the estimation of the phosphorolise rates and the organic phosphorus concentrations a
mean time of the complete regeneration of the phosphates in the euphotic layer was determined to
be approximately 24 hrs. It was shown that at low concentrations of the inorganic phosphorus up
to 80% of the primary production could be promoted by the phosphate recycling.

2AM1993-SB04

LASER MONITORING FOR CHLOROPHYLL-A IN THE NORTH PACIFIC

AV. Alekseev, O.A. Bukin and A. Yu. Mayor, Pacific Oceanological Institute, Far East Branch,
Russian Academy of Sciences, Viadivostok, Russia 690041

The investigations of the World Ocean bioproductivity ask the development of the new
methods for the measurements of the primary production. These methods should give the large
scale measurements in express-style. The ordinary methods of the chlorophyll-A concentration
determination have the high accuracy of the measurements but ask the sampling and long time for
its working. Moreover of those many stations and vessel stops are needs for the detail picture of the
distribution of the biomass productivity concentration on the large aqua square. The laser methods
of the measurements of the fluorescence spectra for the chlorophyll-A developed during last time
give the express-method for the determination of the chlorophyll-A concentration. This method is
the automated one completely and you can do measurements without vessel stop.

We have developing the laser fluorometer used the second harmonic of the Nd:YAG laser
radiation with the wavelength 532 nm of the emission. This equipment can produce the continuous
measurements of the chlorophyll-A concentration into the concentration range from 0.1 pg/1 up to
10 pg/1 with the relative error of measurements not more than 5%. The sea water sampling is
produced by the special pumping system from the 5 m depth during the vessel speed continuously.
The water samples are pumped into the optical dish in which the excitation of the chlorophyll-A
fluorescence spectrum by the laser radiation is produced. The photomultipliers detect the
chlorophyll-A fluorescence line with the wavelength 680 nm and the Ruman scattering of water into
the wavelength range 645-660 nm. The last one is used for the normalization of the chlorophyll-A
fluorescence intensity. The system management is produced by the IBM PC/AT. The three-fold



picture of the distribution of the chlorophyll-A concentrations (the first axis is the longitude, the
second axis is the latitude and the third axis is the concentration in the R/V place) is demonstrated
on the monitor screen in the real time manner.

We fulfilled the continuous measurements of the chlorophyll-A concentrations in the
research cruise of the "Akademik Alexander Vinogradov" R/V by means of this equipment. The
measurements were fulfilled in the two regions of the North Pacific: in latitude (26°-43°) north, Long
(122°-138°) E and in latitude (46°-56°) north, Long (140°-177°) E. The data received by the laser
fluorometer were calibrated with the ordinary methods of the measurements on the beginning of the
expedition. In the next the comparisons between the ordinary methods and the laser measurements
were also fulfilled on the stations. We had the coincidence of the results into the 10% limits when
the changebility of phytoplankton species composition was not observed (the first region). In the
second region, in which the R/V crossed some seas, the additional calibration species composition.
The calibration gave the insignificant difference for the Okhotsk and Japan seas. The calibration
was changed in two times in the Bering sea. The correlation between the intensity of the
fluorescence line and the sea water temperature was observed when the R/V crossed frontal zones.
The cool water upwelling determines the increasing of the chlorophyll-A concentration. We found
the ramification of the chlorophyll-A concentrations into the interfrontal opportunity to do the
distribution mapping of the chlorophyll-A concentration on the large aqua squares in the North
Pacific.

2AM1993-F1S04 POSTER

DISTRIBUTION AND ABUNDANCE OF THE SPAWNING JAPANESE SARDINE SARDINOPS
MELANOSTICTUS OFF SOUTHERN KYUSHU, SOUTHWESTERN JAPAN

Ichiro Aoki, Ocean Research Institute, University of Tokyo, Nakano, Tokyo 164, Japan

Distribution patterns of the spawning population of Japanese sardine Sardinops
melanostictus off southern Kyushu were investigated in relation to water temperature and the
Kuroshio current in three successive winters from 1990 to 1992. Data were obtained from
hydroacoustic surveys, measurement of gonads and histological examination of oocyte maturity
stage. Sardine distribution varied during January - March as time advanced. It was closely
associated with both water temperature and spawning activity. The fish abundance in the area of
sardine concentration decreased markedly in the 3 years. Sardine shoals were aggregated in the
lower temperature inshore side of the Kuroshio front at the beginning and end of the spawning
season and that the majority of spawning sardine occurred in the Kuroshio region where
temperature >20°C in the peak spawning period. Physiology of spawning seems change a
preference for temperature. Spawning sardine crossed the Kuroshio front that appeared to have
acted as a barrier to distribution till then. Spawning was concentrated within a short period of about
10 days in early March, though detectable in February and March. Around 1950 when stock levels
were low, Japanese sardine spawned inshore on the continental shelf. Japanese sardine change
their spawning behavior probably in response to increased population size, which is a significant
feature found only in the period of high abundance.

2AM1993-BIO03 INVITED

INTERDECADAL VARIABILITY OF COASTAL PELAGIC FISH POPULATIONS IN THE
CALIFORNIA CURRENT OVER THE PAST TWO MILLENNIA

Tim R. Baumgartner' ?, Andy Soutar? and Vicente Ferreira!

'Centro de Investigacion Cientifica y Educacion Superior de Ensenada, Ensenada, Baja
California, MEXICO

2Scripps Institution of Oceanography, University of California, San Diego, La Jolla, CA 92093

The anaerobic, varved sediments of the Santa Barbara Basin, off the California coast contain
a well preserved history of deposition of the scales of the northern anchovy and Pacific sardine.
The longest record to be reconstructed, so far, extends AD 300 to 1970. ‘This is a time series
comprised of 10-year averages of annual scale-deposition-rates (SDRs) which indicate interdecadal
fluctuations in the sizes of the fish populations. The sampling frequency allows us to resolve the
variability into periods as short as 40 years. The purpose of this presentation is to consider the
significance of changes in SDRs over periods of 50 to 100 years through the length of the record.




Comparison of the interdecadal variability in the sardines and anchovies reveals a generally
consistent pattern of alternation in the magnitudes of the two species consistent with the idea of a
continuing back-and-forth replacement of one species by the other. We do not find a strict inverse
relationship, but rather a tendency for one species to maintain numerical dominance over an
average of roughly 35 years (complete period equivalent to 70 years). The phase relationship
between the two species varies from episodes in which the two series vary perfectly in phase to
other periods in which they are completely out of phase. Model simulations of these phenomena
suggest that this interdecadal variability in the sardines and anchovies is not the result of direct
competition, but is an effect produced by independent response of each species to a changing mix
of environmental conditions that generally produce different levels of habitat suitability and carrying
capacities for each species.

2AM1993-FI§11
RESPONSE OF PACIFIC SALMON AND HERRING IN THE STRAIT OF GEORGIA
R.J. Beamish, Biological Sciences Branch, Pacific Biological Station, Nanaimo, B.C., Canada.

Young Pacific salmon and herring are abundant in the plume of the Fraser River. Nutrients
in the plume are advected from bottom water that enters the Strait from offshore, in response to the
less dense surface water that leaves through Johnstone Strait. The productivity of salmon within the
plume was more related to the pattern of discharge from the river than to the pattern of winds. The
relative abundance of salmon and herring over the short term was closely related to the amount of
discharge. Poor years of fish production tended to correspond to periods of high discharge and
good years of fish production tended to correspond to periods of reduced discharge. The changes
in abundance relative to discharge indicated that the marine environment and not smolt abundance
was regulating salmon production at the current levels of chinook and coho production in the Strait
of Georgia.

2AM1993-POC34 POSTER

THE NOAA-PMEL REPEAT HYDROGRAPHY PROGRAM IN THE PACIFIC

J.L. Bullister, D.P. Wisegarver, NOAA-FPacific Marine Environmental Laboratory, 7600 Sand Point
Way, NE., Seattle, WA 98115, U.S.A.

F.A. Menzia, Joint Institute for the Study of the Atmosphere and Ocean, AK-<40, University of
Washington, Seattle, WA 98195, U.S.A.

Researchers at NOAA's Pacific Marine Environmental Laboratory have undertaken a long-
term program to monitor the invasion of CFCs, carbon dioxide and other tracers into the thermocline
waters of the Pacific Ocean, by means of repeat hydrographic sections taken at intervals of 5-10
years. Central goals of the CFC program are to document the transient invasion of the CFC tracers
and to interpret these changing distributions in terms of coupled ocean-atmosphere models. Studies
of the entry of CFCs (and other tracers) into the ocean provides a unique description of the time-
integrated circulation of the ocean on decadal time scales.

Early sections occupied as part of this program consisted of relatively coarsely spaced CTD
stations, and included discrete measurements of dissolved CFCs, total carbon dioxide, alkalinity and
oxygen. More recent sections have consisted of more closely spaced CTD stations, and included
high precision nutrient measurements, additional carbon-system components and sampling for other
transient tracers. Five year changes in dissolved CFC distributions along these sections will be
discussed, along with current activites and future plans for this program in the Pacific Ocean.

2AM1993-POC33 POSTER

VARIABILITY OF INTERMEDIATE WATER OVER THE JUAN DE FUCA RIDGE

Glenn A. Cannon, D.J. Pashinski & T.]. Stanley, Pacific Marine Environmental Laboratory, NOAA,
7600 Sand Point Way NE, Seattle, WA 98115, U.S.A.

The Juan de Fuca Ridge in the northeast Pacific Ocean is at the southeast edge of the
subarctic gyre and is a region of extensive hydrothermal activity. Although plumes emanating from
the ridge occur in the deeper ocean, the effect of the ridge on the circulation extends well into the
upper layer including the intermediate water. This paper describes time series measurements of



currents and repeated CTD observations over several years near 45°N, 130°W. The upper ocean is
in the West Wind Drift near its divergence at the North America coast. However, current
measurements in the intermediate water rarely are eastward. The flow appears to be a series of
eddies over, or moving along, the ridge. CTD observations from several years show complex eddy
patterns along the ridge from 45°N to 48N, while farther west the property distributions are
relatively smooth. Also, the temperature and salinity over the ridge are higher than in the water to
the west suggesting that there may be another source of water, possibly from the south along the
coast. The ridge apparently causes complex eddy patterns which may be important in modifying
water properties in this part of the subarctic gyre.

2AM1993-MEQ14 INVITED

TRANSOCEANIC TRANSPORT OF BIOLOGICAL CONTAMINANTS: BALLAST WATER,
EXOTIC SPECIES AND THE ROLE OF ICES

James T. Carlton, Maritime Studies Program, Williams College - Mystic Seaport, Mystic,
Connecticut 06355, US.A.

Ballast water and sediments in ocean-going cargo vessels serve in the 1990s as one of the
major mediators for the transoceanic and interoceanic introduction of nonindigenous (exotic,
introduced) species. Recent studies in Canada, Australia and the United States have demonstrated
the presence of hundreds of species of marine animals, plants and protists surviving in post-voyage
ballast. In turn, numerous invasions linked to ballast release have been recorded world-wide,
notably increasing (for reasons that remain unclear) beginning in the early 1980s. Of further
concern is the potential for ballast to transport and inoculate viruses and bacteria of importance to
human health. The invasion of Tasmania and southwestern Australia by Japanese red tide-causing
dinoflagellates and the invasion of the Laurentian Great Lakes (Canada and the USA) by the Eurasian
zebra mussel Dreissena polymorpha have prompted international interest in ballast water by the
International Maritime Organization (IMO) of the United Nations. ICES considered the problem of
ballast water in 1988 at a meeting of its Working Group on Introductions and Transfers of Marine
Organisms, and convened a special Study Group on Ballast Water in 1991. ICES urged its member
States to critically examine the role of ballast in releasing exotic species in their countries and
encouraged the formulation of ballast water management programs that would reduce the
probabilities of exotic species transport. "Ballast water exchange" (the open ocean discharge and
subsequent uptake of water on the high seas) is the most commonly suggested strategy to reduce
the transoceanic transport of coastal (neritic) species. However, numerous problems in the ability to
conduct complete exchanges by present-day ships indicate the need for direct removal of, or lethal
measures to reduce the presence of, living organisms in ballast water. As this will be a process
extending over many more years, future spectacular invasions by exotic species through ballast
water release may be expected.

2AM1993-SB16 INVITED

RADAR REMOTE SENSING OF LARGE-SCALE SURFACE CIRCULATION OF THE OCEAN
Dudley B. Chelton and P. Ted Strub, College of Oceanic and Atmospheric Sciences, Oregon State
University, Corvallis, OR 97331-5503, U.S.A.

Previous studies from CalCOFI historical ship-based cbservations have demonstrated a
close coupling between alongshore transport and zooplankton productivity off the California coast.
Sea level measurements from coastal tide gauges provide an index of the current transport farther
offshore. It has been speculated that these large-scale changes in the transport of the California
Current are related to changes in the bifurcation of the West Wind Drift. This hypothesis cannot be
tested from existing hydrographic data because of insufficient coverage on the relevant space and
time scales. This information can be obtained from satellite altimeter data such as the
TOPEX/Poseidon altimeter launched in August 1992. A brief review of the technical aspects of
altimetry will be given, emphasizing the strengths and limitations of the technique. An overview of
past investigations of large-scale sea level (and associated geostrophic surface current) variability
from the U.S. Navy GEOSAT altimeter will be given. Examples include seasonal variability along
the west coast of North America, seasonal variations in the latitude of the Confluence of the Brazil
and Malvinas Currents in the South Atlantic, and seasonal variability of the West Wind Drift in the
South Pacific.




A natural question that arises from such studies is the cause of the large-scale variations in
sea level. The primary forcing mechanism is wind forcing, but accurate, high-resolution wind fields
are not presently available over much of the open ocean to investigate the coupling between wind
forcing and ocean response. Such information can be obtained from radar scatterometry such as the
ERS-1 scatterometer launched in July 1991 by the European Space Agency and the NSCAT
scatterometer to be launched in 1996 by NASA. The technique of radar scatterometry will be
reviewed and the potential impact of long-term scatterometer data will be demonstrated from results
obtained from the limited scatterometer data available to date.

In combination, altimetry and scatterometry promise to significantly improve our present
understanding of large-scale wind-forced ocean circulation. * As clouds are essentially transparent to
microwave radiation, both the altimeter and scatterometer are all-weather instruments. In
combination with relevant in situ biological measurements, the information provided by
scatterometry and altimetry can be used to investigate the relationship between physical and
biological variability in cloud-covered regions such as the North Pacific.

2AM1993-SB07 POSTER

THE PEGGY BERING SEA BUOY - REAL-TIME ATMOSPHERIC AND BIOPHYSICAL OCEANIC
MEASUREMENTS IN THE SE BERING SEA BASIN

E.D. Cokelet!, ].M. Napp?, H.B. Milburn!, C. Moores® & ].D. Schumacher’

'NOAA/PMEL, 7600 Sand Point Way NE, Seattle, WA 981150070, U.S.A.

INOAA/AFSC, 7600 Sand Point Way NE, Seattle, WA 98115-0070, U.S.A.

SWET Labs, Inc., P.O. Box 518, Philomath, OR 97370, U.S.A.

Peggy Bering Sea is an oceanographic buoy anchored in 2200 m of water in the southeast
Bering Sea basin (54°47'N, 168°32'W), 160 km northwest of Dutch Harbor, Alaska. Its purpose is to
make atmospheric and biophysical measurements of the upper ocean to elucidate the effects of the
environment on the recruitment success of walleye pollock (Theragra chalcogramma), object of the
world's largest single-species fishery. This work is part of Bering Sea FOCI (Fisheries Oceanography
Coordinated Investigations) under the auspices of NOAA's Coastal Ocean Program,

Beginning in 1992 Peggy has been successfully deployed from April to September of each
year measuring solar radiation, winds, humidity, air temperature, water temperature, salinity, ocean
currents and acoustic backscatter. This gives a long time series of the local solar and atmospheric
forcing and the response of the upper-ocean mixed layer. In 1993 new-technology chlorophyll and
spectral absorption meters were added to the mooring to observe the timing, magnitude and
duration of the spring bloom. Occasional CTD's and net-hauls from ships nearby allow for
calibration and the identification of species associated with the acoustic backscattering signals.

A subset of the data is telemetered to the lab in near real-time via satellite through Service
Argos. This has several advantages. Drifters have been deployed in passing eddies. Ocean current
accelerations forced by strong storms are seen as they happen. A malfunction has been identified,
diagnosed and a repairman dispatched thus rescuing a field-season's data. A response of the diel
vertical migration of zooplankton owing to a change in the current direction has been observed in
the ADCP acoustic backscatter and currents, and a Japanese research vessel (Kaiyo Mariw) kindly
responded to a request to sample the new regime.

Peggy Bering Sea provides a platform for other investigators with self-contained instruments
capable of long-term deployment to make upper-ocean observations in the Bering Sea in
conjunction with our own measurements.

2AM1993-F1817

MODELLING SHIFTS IN FISH STOCK ABUNDANCE IN THE EASTERN NORTH PACIFIC
Jeremy S. Collie and Paul D. Spencer, Graduate School of Oceanography, University of Rbode
Island, Narragansett, RI 02880, US.A.

Time series of fish catch and biomass data indicate large-amplitude fluctuations on time
scales of 10-50 years. These fluctuations are revealed in scale deposits from before the 20th century
and therefore cannot be attributed solely to fishing pressure. In the North Pacific, fluctuations in



fish abundance correspond temporally with regime shifts in the marine environment. Often the
shifts in fish abundance are abrupt, suggesting that the relationships between the environment and
fish abundance are nonlinear. We consider the combined effects of a fluctuating environment and
species interactions on fish abundance. For example, the biomass of Pacific herring Clupea pallasi
off the southwest coast of Vancouver Island appears to be negatively related to sea surface
temperature (SST) and the abundance of its predator Pacific hake Merluuccius productus. We use
first-order differential equations to develop a two-species, predator-prey model forced with
stochastic variability. Nonlinear trophic interactions result in the models having multiple equilibrium
abundance levels. Environmental variability is simulated as "red noise" (variance is a decreasing
function of frequency) with a spectrum derived from SST data. Stochastic variations cause the
predator-prey abundances to shift between the high and low equilibrium levels with a patten
similar to that observed for Pacific herring. The effect of fishing is to increase the proportion of time
spent at the low equilibrium. Even if these large-amplitude abundance shifts cannot be prevented,
fisheries can amplify the shifts by precipitating the collapses and prolonging the time to recovery.
While the model does not predict future abundance, it is useful for understanding how
environmental variability, trophic interactions and harvesting interact to cause fluctuations in
abundance.  Model output, generated with realistic values of population growth rates,
environmental variability and fishing, is compared with the observed abundance of Pacific hake and
Pacific herring.

2AM1993-BIOO01 INVITED

HIGH-RESOLUTION TREE-RING RECORDS FROM COASTAL AILASKA AND BRITISH
COLUMBIA: ASSOCIATIONS WITH NORTHEAST PACIFIC CLIMATE

Rosanne D'Arrigo, Gordon Jacoby and Gregory Wiles, Tree-Ring Laboratory, Lamont-Doberty
Earth Observatory, Palisades, New York 10964, U.S.A.

Weather and climate fluctuations along the coastal regions of Alaska and British Columbia
are largely influenced by coupled features of the ocean-atmosphere system in the northeastern
Pacific. Temperature and precipitation anomalies over coastal and near-coastal land areas are
influenced by changes in sea surface temperature (SST) and sea level pressure (SLP), which in turn
are modified by such large-scale features as the intensity and position of the Aleutian Low, the
system of ridges and troughs related to the Pacific-North American (PNA) pattern, and the El Nino-
Southern Oscillation (ENSO). The magnitude and seasonality of the local response to these large-
scale forcing factors varies depending on location along the western North American coast.

In this paper we investigate the growth response to land and oceanic climate variability as
reflected in tree-ring width and density chronologies from coastal and near-coastal sites in south
coastal Alaska and the Pacific Northwest. Correlation relationships are determined between the
tree-ring data and variables of North Pacific atmosphere-ocean climate, including coastal surface air
temperature and precipitation, sea surface temperatures or SST's, the Southern Oscillation Index
(SOID), and the Aleutian Low Index (ALD). We also compare the response of these chronologies to
those of other climatically-sensitive tree-ring records from sites further to the south, in central
California, the southwestern United States and Mexico. The results reflect the varying nature and
degree to which these large-scale features influence climatic conditions (and hence tree growth)
along the western North American coast, both at present and in prior centuries.

2AM1993-POC03

COLUMBIA RIVER RESERVOIR OPERATIONS RELATED TO NORTHEAST PACIFIC SEA
SURFACE SALINITY TRENDS, 1930-1990

C.C. Ebbesmeyer* and W. Tangborn*

*Bvans-Hamilton, Inc., 731 N. Northlake Way, Seattle, WA 99103, U.S.A.

*HyMet Inc., 2366 Eastlake Ave., Seattle, WA 98102, U.S.A.

During the twentieth century, 201 reservoirs constructed in the Columbia River basin have
resulted in the systematic reallocation from summer to winter of one-quarter of the Columbia's
discharge to the Pacific Ocean. Oceanographic observations (1934-1990), analyzed in this report,
demonstrate that increased winter discharge has increased near-surface salinities along the coasts of
Oregon and northern California, and decreased those on the Washington, British Columbia and
Alaskan coasts, and in the Gulf of Alaska gyre. Human intervention on the Columbia extends from




reservoirs far inland to modify ocean and estuarine dynamics at locations several thousand
kilometers distant in and along the North Pacific Ocean.

2AM1993-SB14 INVITED

FISHING VESSEL OBSERVER PROGRAMS IN BRITISH COLUMBIA

Howard 1. McElderry, Archipelago Marine Research Lid., Suite 200, 525 Head Street, Victoria,
B.C., Canada. VOA5SI

Fishery observers work aboard commercial fishing vessels to monitor fishing operations,
collect biological data and ensure compliance to fishing regulations. In British Columbia, observers
monitor coastal fisheries involving foreign fishing vessels within the EEZ, certain experimental
fisheries requiring special permits, and traditional domestic fisheries including groundfish trawling
and blackcod longlining. Most of vessels hosting observers are 20 to 30 metres in length and spend
10 to 14 days at sea. Fishery observer programs are funded by both government and industry with
increasing contribution by the latter.

Fishery observer programs are typically administered through joint involvement of
government and private contractors. Programs involve several organizational components including
sampling program design and mobilization, observer selection and training, coordination and
scheduling of observer sea assignments, processing of observer data products, and program
evaluation. The fishing industry should be actively involved in program design, implementation and
evaluation.

Data products from observers generally include biological sample material, information
recorded for computer key punching, photographic data, and descriptive written information.
Standardized procedures for data collection, reporting and verification are used within the observer
program to ensure continuity of information among different vessels and observers involved.
Observer program information has primarily been for fisheries research and management purposes.
Collection of oceanographic information from fishery observer programs in British Columbia has
been under utilized.

2AM1993-F1518 POSTER
A ROLE FOR ROBOTICS IN FISHERY RESEARCH
James Ferguson, International Submarine Engineering Ltd., Port Coquitlam, B.C., Canada.

The recent problems associated with declining fish stocks in the Western North Atlantic and
the North Sea have received international attention. There are many other areas of the world which
hold the potential for similar problems. While countries have often laid the blame on overfishing,
scientists admit that the problem is more complex and that a number of factors must be considered.
Fundamental to such a consideration is the need to improve both the quantity and accuracy of fish
stock data for the various species in question.

While this need is recognised, the cost of suitable research ships is on the rise. Many have
outlived their useful lives and must be replaced. Others which are being retained in service must be
maintained and this cost is also rising. Demonstration has proven that noisy ships scare fish away
and it is thus important to conduct abundance surveys from acoustically quietened platforms.
Experience in Europe indicates that the cost of building and maintaining ships to high standards of
acoustic quietening can be prohibitive and the potential for using smaller, less costly robotic
vehicles in fish stock assessment has drawn interest.

In the early 1980's, the Canadian Department of Fisheries and Oceans developed a semi-
submersible robotic platform known as Dolphin. Intended for offshore hydrographic survey, the
vehicle is capable of sustained stable operations in sea state 5 at speeds of up to 15 knots (25 kpli).
In the past decade, considerable development in hydrographic and military applications has been
undertaken. More recently, scientists have been examining the potential to adapt the vehicle for fish
stock abundance surveys and fish behaviour research.

A consortium consisting of Norwegian, UK and Canadian companies is funding the
development which will demonstrate the feasibility of the vehicle in this application. This group



has expertise in fishery research, marine survey, hydroacoustics and underwater robotics. The
paper describes the program which has been initiated and the benefits which the development will
provide for fishery managers. The paper also invites input from fishery research experts regarding
capabilities which the system should potentially have.

2AM1993-MEQO8 POSTER

WATER PROPERTIES ASSOCIATED WITH SOME HARMFUL ALGAL SPECIES IN BRITISH
COLUMBIA COASTAL WATERS

J. Roderick Forbes, Department of Fisheries and Oceans, Institute of Ocean Sciences, P.O. Box
6000, Sidney, B.C., Canada, VBL 4B2.

During ten years of sampling phytoplankton species composition and abundance in British
Columbia coastal waters, data have been collected on the occurrence of a number of harmful
species. The seasonal distribution is presented for some of these. Discriminant analysis is used to
assess whether there are distinctive water properties associated with the presence of these taxa.
Water properties included in the analysis include sample depth, temperature, salinity, chlorophyll,
nitrate+nitrite, phosphate and silicate.

Among the taxa considered, Chaetoceros convolutum / concavicorne and Heterosigma
akashiwo occur throughout the British Columbia continental shelf, although the latter is generally
limited to southern areas. Dinophysis spp. is also widely distributed, although most frequent in
inshore waters of the Strait of Georgia.

Samples were collected between April and October. C. convolutum / concavicorne
occurred in over 70% of samples from the summer months of August and September, less frequently
in other months, althouth these taxa most frequently cause problems in spring and autumn. H.
akashiwo occurs most frequently in June, the month when serious blooms are usually first reported
in any given year.

Discriminant analysis performs moderately well in predicting presence or absence based on
water properties, with a success rate of 63% to 80% in correctly predicting absence of any particular
species, and 58% to 66% in correctly predicting presence.

2AM1993-SB06

OBSERVATIONS OF CIRCULATION VARIABILITY IN THE BERING SEA USING GEOSAT
ALTIMETRY DATA

Chad A. Fox and Robert Leben, Colorado Center for Astrodynamics Research, University of
Colorado, Boulder

Altimeter data represents the only all weather source of observations in the Bering Sea at
sufficient spatial and temporal resolution to adequately observe both the basin scale and mesoscale
circulation in the region. In this paper we use Geodetic Mission (GM) and the first two years Exact
Repeat Mission (ERM) altimeter data from the U.S Navy Geodetic satellite (GEOSAT) to investigate
the circulation variability in the Bering Sea for the time period from April 1985 through December
1988. The GM data consists of crossovers computed from the height differences between ascending
and descending arcs which have crossing tracks, while the ERM provided collinear sea surface
height measurements along the ground track of the seventeen day exact repeat orbit. Compatible
crossover and collinear techniques were used to provide a continuous time series which has been
analyzed using standard and extended empirical orthogonal functions (EOFs and EEOFs).

The basin scale variability is dominated by a regular seasonal cycle in which the Kamchatka
Current transport reaches a maximum in February followed by a minimum in early fall. The Bering
Slope Current also exhibits seasonal variability in phase with the Kamchatka Current. The statistics
of the mesoscale variability showed little interannual variation when comparing sea surface height
data between the GM and ERM. However, the synoptic mesoscale structure along the Bering Slope
current was quite different year to year. A wave train of eddies formed along the Bering Slope
Current late in GM and propagated to the northwest along the shelf break. Outages during the ERM
prevented adequate observations of the slope current eddy field development, but it appeared that
the wave train was less pronounced during the ERM.




2AM1993-BIO09

A CASE FOR HISTORICAL SCIENCE IN LARGE MARINE ECOSYSTEM RESEARCH: TEASING
ORDER OUT OF CHAOS

Robert C. Francis and Steven R. Hare, Fisheries Research Institute, WH-10, School of Fisheries,
University of Washington, Seattle, WA 98195, US.A.

There are two fundamental ways of doing science: the experimental-predictive and the
historical-descriptive. The experimental-predictive approach uses the techniques of controlled
experiment, the reduction of natural complexity to a minimal set of general causes, and presupposes
that all times can be treated alike and adequately simulated in the laboratory. The historical-
descriptive approach uses a mode of analysis which is rooted in the comparative and observational
richness of our data, is holistic in its treatment of systems and events, and assumes that the final
result being studied is unique - dependent, or contingent upon everything that came before. In the
realm of the historical, the ultimate question boils down to the placement of a boundary between
predictability under invariant law and the multifarious possibilities of historical contingency. We
feel that it is the placement of this boundary that may determine the success or failure in our
attempts to understand fundamental and long term change in large marine ecosystems.

In this paper, we discuss the necessity of viewing the characterization of order in large
marine ecosystems from a historical scientific context and give examples of how the historical-
descriptive approach has been used in other disciplines. Within this framework, we propose that
rather than trying to reduce nature to fundamental entities, an alternative approach be taken
whereby order in nature can be understood through fundamentally consistent relationships. We
propose to study order not by dealing with the structure of objects, but rather the structure of
movement in a historical context. It is these dynamic relationships, or pattems of relationships
within large marine ecosystems, that are important. Examples will be drawn from our research on
climate change and salmonid production in the North Pacific Ocean.

2AM1993-FIS24

INTERACTIONS BETWEEN SARDINE AND ANCHOVY POPULATIONS WITH SPECIAL
REFERENCE TO THE DECADAL CHANGES IN THEIR LIFE CYCLES:

A CASE STUDY IN THE ENSHU-NADA SEA, JAPAN

Shigeo Funakoshi*, Hideaki Nakata* and Motohiko Nakamura*

*Aichi Fisheries Research Institute

*Ocean Research Institute, University of Tokyo

In 1970, Japanese anchovy population started to decline corresponding to the increase of
Japanese sardine population in the waters around Japan. During this declining phase, it was
observed that the condition factor and maturity coefficient of the spring spawner of the anchovy
decreased while those of the summer spawner increased; this led to the changes in the seasonal
pattern of anchovy occurrence. The ecological niche for the spring spawner of the anchovy was
replaced by sardine, which had started to explode since early 1970's. The absence of predatory
planktons and competitive pelagic fish including anchovies during the main spawning period of the
sardine (February to April in the Enshu-nada Sea located along the central Pacific coast of Japan Is.)
seemed advantageous to the larval survival and recruitment success of the sardine population.

In the late 1980s, on the other hand, the sardine started to decline, being replaced by the
anchovy. It is noteworthy that during this phase the spawning period of the sardine became
unstable and was delayed a few months; this might enhance the possibility of encounters with
other competitive and predatory species including anchovies.

There has been almost no difference in the abundance of copepod nauplii, favorable food
for the first feeding larvae, in the Enshu-nada Sea between around 1980 and around 1990 despite
the marked changes in the sardine abundance during 1980-1990. This suggest that the prey density
would not be responsible for the shift in the dominant species. We may conclude that the
prominent decadal changes in the life cycles of sardine and anchovy are closely related to the
dominance shift. The possible mechanisms behind these changes are also discussed.
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THE ROLE OF THE OKHOTSK SEA AND EAST-KAMCHATKA CURRENT IN THE NORTH
PACIFIC INTERMEDIATE WATER

S.V. Gladyshev, Far-Eastern Branch, Russian Academy of Sciences, Pacific Oceanological
Institute, Vliadivostok, Russia

In our report the quantitative contribution of the Okhotsk and Bering Sea waters in
producing of low temperature and salinity signal in the North Pacific Subarctic Intermediate Water
(NPSIW) is discussed. Analysis is based on the CTD-data of RV "Pr. Gagarinskiy" in the Kuril Straits
region provided in the 9th cruise of the ship during June 1991.

We have used isopycnal analysis (the linear bicomponent model of mixing) to estimate
thermohaline mixing of the intermediate water in Northwestern Pacific (the Oyashio and East-
Kamchatka Currents region) and obtain the following conclusions:

1. In June 1991 water exchange throughout the Kuril Straits was severely baroclinic, may be
due to non-tidal currents.

2. In June 1991 the Oyashio waters near the central Kuril Islands were mainly formed (60-
70 %) by advection of the cold fresh Okhotsk Sea waters on the 26.9 - 27.0 o, isopycnal surfaces.

3. In June 1991 the East-Kamchatka Current (the Bering Sea) was the most possible source
of North Pacific Low Salinity Intermediate Waters (26.6 - 26.8 o).

4. In June 1991 the Warm Soya Current reached to the Etorofu Island along the Kuril Island
Chain in the Okhotsk Sea.

5. In June 1991 the cold (anticyclonic) Kuril eddy situated on the beam of the Bussol Strait
(45N) advected the lenses of the subtropical water in the layer 50-150 m.

2AM1993-MEQO5 INVITED

POLLUTANTS AND CONTAMINANTS IN MONITORING PROGRAMS FOR THE ASIAN
PACIFIC WATERS

Edward D. Goldberg, Scripps Institution of Oceanography, La Jolla, CA 92093-0220, U.S.A.

The extension of the International Mussel Watch to Asian/Pacific coastal waters has been
examined by scientists from six concerned countries at a meeting sponsored by the United Nations
University. The distinction between pollutants (those substances entering the marine environment
that can impact upon public health and the composition of ecosystems) and contaminants (those
substances entering the marine environment that merely alter its composition) is emphasized. Novel
substances (organically bound metals, dioxins and coplaner PCBs) are proposed for inclusion in the
program in addition to the chlorinated hydrocarbons and artificial radionuclides of previous
activities. "

Conventional mussel watch strategies will be carried out including the extensive use of
primary standards and intercalibration exercises. There will be a directed involvement of the press
and public in the forthcoming activity.

2AM1993-BIO04

PALEOOCEANOGRAPHY OF THE FAR NORTHWESTERN PACIFIC AND THE BERING,
OKHOTSK AND AJAPAN SEAS THROUGHOUT THE PAST 25,000 YEARS

Sergey A. Gorbarenko, Pacific Oceanological Institute, Viadivostok, Russia

CaCO, content, C_, terrigenic components and d180 foraminifera data in the bottom
sediments in the cores of fat northwestern Pacific, the Bering and Okhotsk seas show general and
interconnected pattern of paleoenvironment in this region throughout the past 25,000 years. As
d180 planktonic foraminifera curves suggest, the accumulation of ice-rafted debris in the regional
sediments decreased abruptly before the first melt water pulse of land glacier (MWP1A) due to the
opening of the Bering Strait, while after the first and the second melt water pulses (MWP1A and
MWP1B) CaCO, and C organic accumulation in the regional sediments increased probably because
of the vertical water stratification strenthening and less deep water aeration,
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The variations of water exchange with the Pacific Ocean have a strong impact on
paleoenvironment of surface and deep waters of the Japan Sea under glacioeustatic changes of the
sea level with respect to shallow water of the straits. The comprehensive isotopic, geochemical and
micropaleontological analyses (d180, d13C, CaCO,, C_, content) enable one to recognize nine
successive steps in surface and deep waters development with inflow of Kuroshio warm waters and
Oyashio cold waters through the Tsushima and Tsugaru straits respectively, and global climatic
changes.

2AM1993-SB19 POSTER

STABLE ISOTOPES IN MARINE RESEARCH: 8N AND $'*C IN MARINE BIRDS OF THE
NORTH PACIFIC

Patrick J. Gould!, Peggy Ostrom?, Keith Hobson?, John Piatt!

'Alaska Fish and Wildlife Research Center, 1011 E. Tudor Rd., Anchorage, Alaska 99503, U.S.A.
2Michigan State University, 206 Natural Science Building, East lansing, Michigan 48824, U.S.A.
3Prairie and Northern Wildlife Research Center, 115 Perimeter Road, Saskatoon, Saskatchewan,
Canada. S7N0X4

We are currently examining 8N and §3C of marine animals, especially birds, and their food
in the North Pacific. The high average of black-footed Albatrosses (15.0%o, sd=0.8) indicates that
they are feeding one trophic level above Laysan Albatrosses (12.2%o, sd-1.3), possibly a result of a
heavier reliance of black-foots on waste and offal from commercial fishing operations. In both
Alaska and the Transitional North Pacific, homed puffins feed principally on small fish
supplemented with crustaceans and a few squid. The large difference in §'*N (3.5%0) between the
two groups suggests a difference in pathways of nitrogen transfer between the two ecosystems.
Three early June specimens of sooty shearwater from the eastern Transitional Pacific had average
8N and §"C values 4.9%0 and 3.0%o higher, respectively, than the average of twelve late May - mid-
November specimens. The three unique specimens may represent newly arrived migrants, possibly
from South American as opposed to New Zealand origins of birds associated with high seas fisheries
as well as to the impact of offal from these fisheries on marine bird populations.

2AM1993-SB01

A SEMI-CONTINUOUS ENVIRONMENTAL MONITORING AND ASSOCIATED CHEMICAL AND
BIOLOGICAL MEASUREMENT USING SEAWATER INTAKE OF JAPAN-KOREA FERRY

A. Harashima!, R. Tsuda?, Y. Tanaka? T. Kimoto?, S. Tanaka*, K. Furusawa’®, O. Kurokawa®, Y.
Takeuchi® and Jae-Ryoung Oh’

"The National Institute for Environmental Studies

2Kinki University

3Research Institute of Oceanochemistry (Foundation)

iKeio University

>Marine Biological Research Institute of Japan, Co. Lid.

SGlobal Environmental Forum (Foundation)

"Korea Ocean Research & Development Institute

A ferry mounted monitoring system was developed and deployed to investigate the
temporal and spatial variations of biogeochemical parameters (dissolved nutrients, fluorescence,
temperature, salinity and pH) along the ship's regular route between Pusan, Korea and Kobe, Japan.
Semi-continuous data recording (every 10 seconds, 4 transect cruises per week) and automated
bottle sampling with filtration (24 cruises per year) were performed using the seawater taken
continuously from the engine cooling system intake at 6m depth. These data are expected to clarify
the natural variability in and anthropogenic changes to the coastal and marginal seas and the
mechanism of algal blooming and to supply the ground truth data for the calibration/validation of
algorithms to calculate pigment concentrations from ocean color remote sensing data. In addition,
several research cruises were performed to develop the measurement of pCO, and dimethyl
compounds, phytoplankton particle size spectra by laser technique, phyto- and zooplankton
sampling for taxonomy based on the identical intake.

The monitoring was kept up from June,1991 to January,1993. During this period, initiation

and termination of algal blooming and associated variation of nutrients, pCO, DMS, phytoplankton
genus composition were observed. There was a contrast between the phenomena in the Inland Sea
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