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EL NINO SEA LEVEL SIGNAL ALONG THE WEST COAST OF CANADA

William Crawford', Josef Cherniawsky', Michael Foreman' & Peter Chandler?

' Fisheries and Oceans Canada, Institute of Ocean Sciences, P.O. Box 6000, Sidney, BC Canada. VSL 4B2
E-mail: crawfordb@pac.dfo-mpo.gc.ca

2 Madeira Research, North Saanich, BC, Canada

During strong El Nifto winters the sea levels along the West Coast of Canada typically rise about 10 to
20 cm above seasonal levels, and remain at this height for several months. During the 1997/98 El Niiio,
sea levels rose 10 cm in May 1997, 20 cm in the autumn, and 30 cm in January and February 1998.
The January one-month average level was an all time high at four ports, and the highest for any January
at six ports. Sea levels dropped abruptly at the end of February and have remained low since then.

The spatial variability of this sea level rise in coastal waters is evident in TOPEX/POSEIDON data. Sea
levels drop in height away from shore, but the rise due to El Nifio is present beyond the edge of the
continental shelf. Temperature and salinity profiles along line P, extending from the mouth of Juan de
Fuca Strait to Station P at 50°N, 145°W, will be examined to determine the nature of water mass
variability during this El Nifio compared to long term conditions. Dynamic heights computed from
these profiles will be compared with TOPEX/POSEIDON altimetry records.

TAM1998-SB02 poster
NEW POINT OF VIEW ON EL-NINO MECHANISM
0O.B. Feschenko

Pacific Research Institute of Fisheries & Oceanography (TINRO-Cenire), 4 Shevchenko Alley, Viadivostok,
Russia. 690600 E-mail: root@tinro.marine.su

The opinion of some scientists about lack of progress in forecasting El-Nifio because of incorrect
interpretation of it's mechanism is well-grounded. The essence of large-scale interaction of tropical
ocean and atmosphere is in constant water gain from east to west by trade-winds. The wind field is
formed by four centers of atmospheric action. Hawaiian and Tahitian centers are stationary
(anticyclones). Asian and Australian ones are seasonal. When there is a cyclone above Asia, there is
anticyclone above Australian and vice versa. Theoretically the breaching of waters to east (El-Nifio
phenomenon) can arise in two situations: 1) under simultaneous abnormally weak development of
seasonal anticyclone and abnormally deep development of seasonal cyclone (the trade-wind of winter
hemisphere becomes critically weaker and monsoon of summer hemisphere becomes stronger on the
Western Pacific); 2) in case of asynchronous seasons alternation in Asia and Australia cyclones can
exist during some time (trade-winds do not reach the Western Pacific, monsoons can be seen in
northern and southern hemispheres). Opposite situations must provoke Anti El-Nifio phenomenon.
Analysis of depth of development and the continuation of naturally synoptical seasons in Asia and
Australia was done based on the numbers of daily atmospheric pressure in Hong Kong and Darwin
from 1984 through 1987. During this period one episode Anti El-Nifio and one El-Nifio was noticed.
Analysis confirmed the reliability of theoretical suggestion. Statistical testing of stability of discovered
connection at longer numbers of observations.
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THE EL NINO SIGNAL ALONG THE WEST COAST OF CANADA -
TEMPERATURE, SALINITY AND VELOCITY

Howard J. Freeland & Richard Thomson
Department of Fisheries & Oceans, Institute of Ocean Sciences, Division Head, Ocean Science & Productivity,
P.O. Box 6000, Sidney, BC, Canada. V8L 4B2 E-mail: freelandHj@dfo-mpo.gc.ca

During the 1997/98 El Niiio the temperature and salinity fields off the west coast of Canada changed
dramatically. The signal is particularly strong in temperature, but also substantial in the salinity
anomaly field. A series of maps and sections will be presented documenting the progression of the El
Niiio signal in these variables. Data presented derives from extended surveys along Line-P and in the
La Pérouse region off southern Vancouver Island.

The surveys along Line-P can be used to compute geostrophic velocity fields. With the assistance of
data gathered using the Topex-Poseidon satellite (see previous paper by Crawford, Cherniawsky and
Foreman) absolute pressure fields can be estimated. This allows the estimation of the absolute velocity
and its anomaly during the El Nifio. The techniques for completing this calculation will be outlined, the
estimate will be compared with direct current observations, and the implications for the origin of the El
Nifo anomaly will be discussed.

TAM1998-SB04 oral
THE STATE OF THE FAR EAST SEAS DURING THE 1997/98 EL NINO EVENT

Andrei S. Krovnin, G.P. Vanushin, M.Yu. Kruzhalov, M.A. Bogdanov, B.N. Kotenev, & V.V.

Maslennikov
Russian Federal Research Institute of Fisheries & Oceanography (VNIRO), 17, Verkhnyaya Krasnoselskaya,
Moscow, Russia. 107140 E-mail: akrovnin@nux.iki.rssi.ru

Oceanographic conditions, mainly temperature fields, in the Bering and Okhotsk Seas in 1997/98 are
compared with those in previous, non-El Nifio years (1995-1996). The study is based mainly on
weekly and monthly sea surface temperature (SST) maps constructed at VNIRO as a part of the
program on the use of satellite and ship data to monitor the dynamics of SST in various fishing areas of
the world ocean. The main purpose of the program is to provide Russian fishery community with
operative and monthly information on the state of environment in regions where Russian fleet operates.
Data of several oceanographic surveys conducted in the Sea of Okhotsk and western Bering Sea in
1995-1997 are also used. They show a significant change both in geostrophic circulation and values of
temperature at intermediate depths of both seas from 1995-1996 to 1997. Thus, water temperature in
the Warm Intermediate Layer off Navarin Cape in the western Bering Sea in 1997 was about 3.9-
4.0°C, that was unusual for this area. Dynamics of ice cover (ice cover area, position of ice margin) is
also analyzed. Changes in atmospheric circulation including storm tracks over the Northwest Pacific
are considered. Finally, the analysis of the impacts of unusual events of 1997/98 on fishery in both
seas is made. As a whole, the study will cover the period from January 1995 to September 1998.
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97/98 OCEAN CLIMATE VARIABILITY IN THE NORTHEAST PACIFIC: HOW
MUCH BLAME DOES EL NINO DESERVE?

Nathan Mantua

Joint Institute for the Study of Atmosphere and Ocean, University of Washington, 4909 25" Avenue NE, Box
354235, Seattle, WA 98195-4235, U.S.A. E-mail: mantua@atmos.washington.edu

The rapid warming of the coastal NE Pacific in the spring and summer of 1997 is viewed in relation to
local and remote atmospheric anomalies in the Pacific Basin. North Pacific climate anomalies observed
in 1997/98 are compared and contrasted with those observed in past warm episodes in the Northeast
and tropical Pacific, respectively.

Of particular interest is the extent to which the tropical ENSO is reliably teleconnected to the ocean
climate of the northeast Pacific. This issue is addressed by compositing atmospheric circulation
anomalies for events showing coherent and incoherent temperature anomalies between the tropical and
northeast Pacific.

7TAM1998-SB06 oral
LARGE NUMBERS OF SARDINES RETURN TO BRITISH COLUMBIA WATERS
Gordon A. McFarlane & Richard J. Beamish

Department of Fisheries & Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanainfo, BC,
Canada. V9R 5K6 E-mail: mcfarlanes@dfo-mpo.gc.ca

In June and July of 1997 we estimated that approximately 60,000 t of sardines were present off the west
coast of Vancouver Island, B.C. In late July, sardines were observed in spawning condition and in
early February, 1998 large numbers of juvenile sardines were found mixed with juvenile herring off the
west coast of Vancouver Island, Canada. Large numbers of sardines have not been found off British
Columbia since the mid-1940s. It was believed that the stock which supported the large B.C. fishery of
the 1920s, 1930s and early 1940s was currently at such low levels that sardines would not reappear in
Canadian waters in any abundance. Not only was this abrupt increase in abundance unexpected but the
spawning in British Columbia waters was the first reported in history, as the sardine population
supporting the historic fishery spawned off California. It is not known if the reappearance of large
numbers of sardines off B.C. is an anomalous event associated with the 1997-1998 El Niiio or if it is an
indication of a major change in the west coast ecosystem.

TAM1998-SB07 poster
DID CANADIAN SOCKEYE INVADE THE UNITED STATES? ..ANOTHER STORY
FROM THE 1997 EL NINO

S. McKinnell, C. Wood, M. LaPointe, J. Woodey, K. Kostow, J. Nelson & K. Hyatt
Department of Fisheries & Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, BC,
Canada. VIR 5K6 E-mail: mckinnells@dfo-mpo.gc.ca

The most extreme summer SST and sea level anomalies recorded during this century occurred along the
coast of B.C. during the summer of 1997. In August, unusual catches of sockeye began occurring in



rivers in Oregon. In September, sockeye began appearing in the Johnstone Strait test fishery with
secondary sexual characteristics that are not normally observed until the fish are close to their spawning
grounds. A few weeks later, spawning sockeye were observed in rivers, streams, spawning channels,
and even ditches where they had never been seen. They were also reported in high abundance in rivers
where they had been rare, particularly on the west coast of Vancouver Island. As Fraser River sockeye
are the only abundant populations in the southern part of the sockeye range, and they were abundant in
1997, the popular hypothesis was that these “strayers” were Fraser River sockeye that had spawned in
other rivers. One alternative hypothesis was that these were small local populations that had
experienced high survival. A call for samples was distributed to field staff around Vancouver Island to -
try to obtain whole fish, or tissue samples, or scales from these sockeye (during the course of their
regular duties). This study describes the results of stock identification analyses that were used to
determine the origin of the “straying” sockeye and we examine hypotheses to explain the unusual
phenomenon. '

7AM1998-SB0S poster

DISSOLVED O: AND N: MEASUREMENTS AT STATION P4 DURING THE 97-98 EL
NINO

Craig McNeil, David Farmer & Mark Trevorrow

Department of Fisheries & Oceans Canada, Institute of Ocean Sciences, P.O. Box 6000, Sidney, BC, Canada.
V8L 4B2 E-mail: mcneilc@dfo-mpo.gc.ca

We present preliminary results and interpretation of measurements obtained at the N.E. Pacific El Nifio
monitoring station at P4 during September 97 to May 1998. Our time series measurements, recorded at
20 m depth with a 1 hour sampling period, include dissolved oxygen and nitrogen concentrations, total
dissolved air pressure or gas tension, Fl, T and S and acoustical back-scatter intensity. A bloom event
is identified during mid-March, lasting approximately 10 days. These data may be compared with
historical measurements and differences interpreted in terms of the impact of the El Nifio on the N.E.
Pacific productivity.

7TAM1998-SB09 oral

DATA COMPILATION AND PRELIMINARY TIME SERIES ANALYSIS OF
ABUNDANCE OF A DOMINANT INTERTIDAL KELP SPECIES IN RELATION TO
THE 1997/1998 EL NINO EVENT

Kristen L.D. Milligan, Colin D. Levings & Robert DeWreede
E-mail: milligan@botany.ubc.ca

British Columbia coastal waters were significantly warmed during the 1997/1998 El Niiio event. This
report provides information on intertidal kelp abundance before, during, and after this warm water
event. Hedophyllum sessile (Laminariales, Phaeophyceae) is a kelp species which can form dense,
perennial beds in the intertidal zone. Data included in this report were collected by different
investigators at eight sites from June 1991 to May 1998. Four of these sites are located in different
positions within the same bay area on Trevor Channel, Barkley Sound, British Columbia. However,
these sites were intensively studied throughout the sample period and thus provide a solid baseline




against which population trends during and after the El Nifio can be compared. Data collected at this
location were: kelp percent cover, adult and juvenile density, reproductive status, a biomass index, and
cover of various understory species.

In all years at the single bay area, percent cover, biomass, and adult density seasonally fluctuate; these
parameters are high in summer months and low in winter months. Peak recruitment occurs in late
spring/early summer months. Despite these normal, seasonal fluctuations, there are trends associated
with the 1997/ 1998 El Nifio event. Overall, algal biomass and recruitment were negatively affected
from June 1997 to February 1998. Specifically, there was recruitment failure at a location which
previously had successful recruitment since 1991. However, both of these parameters (biomass and
recruitment) appear to be recovering based on April and May 1998 sampling dates. At the most
intensively studied site, adult densities in previously dense kelp beds are still low and there is no
apparent increasing trend in adult densities. These beds will only recover if the newly recruited
juveniles (in May 1998) survive.

Other sites in Barkley Sound were sampled at least once prior to 1997. In May 1998, these sites did
not show low adult densities. However, previous years data suggest that these sites were not locations
of dense kelp beds. In conclusion, data within this report indicate that a location with previously dense
intertidal kelp beds has changed dramatically since the 1997/1998 El Nifio event but that this trend was
not supported in preliminary samples taken at other locations. Suggestions for future analyses include
multivariate analysis of the data to isolate effects of warm water from those of increased storm activity
and sampling at other sites which previously had dense kelp beds.

7AM1998-SB10 poster

IMPACT OF THE 1997/98 EL NINO ON SEABIRDS OF THE N.E. PACIFIC

Kenneth H. Morgan

Canadian Wildlife Service, Environment Canada, c/o Institute of Ocean Sciences P.O. Box 6000, Sidney, BC,
Canada. V8L 4B2 E-mail: morgank@ios.bc.ca

To a large extent, seabirds are constrained to reside in specific parts of the ocean on the basis of the
characteristics of the marine climate. Each water mass or group of similar adjacent water masses has a
characteristic assemblage of seabirds. Large-scale events that perturb marine climates should produce
changes in seabird community characteristics consistent with the water mass alterations. Because the
factors that constrain seabirds to particular water masses are poorly understood, it is difficult to predict
their response to large-scale perturbations. In May 1996, the Canadian Wildlife Service began to
monitor, using standardized survey techniques, the spatial and temporal variability of marine birds
along the 1500 km cruise track to Ocean Station Papa (50°N X 145°W). Since than, five additional
surveys have been conducted (August *96, February *97, June 97, February 98, June °98). The El
Nifio-influenced warming of waters near the coast of British Columbia, the depression of the
thermocline, and the northward displacement of the Subarctic Boundary, produced dramatic physical
and biological effects.

This presentation describes preliminary observations of the impacts of the 1997/1998 El Niiio on the
distribution and abundance of seabirds in a region of the Northeastern Pacific Ocean, and suggests
possible causal mechanisms. Many of the monitored seabirds feed on the same prey as eaten by
salmonids. Therefore, the results of this study may provide further insight into the links between large-
scale events and commercial fish stock variability.
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THE 1997-98 EL NINO IN THE BERING SEA AS COMPARED WITH PREVIOUS
ENSO EVENTS AND THE "REGIME SHIFT" OF THE LATE 1970'S

Henry J. Niebauer
Atmospheric and Oceanic Science, University of Wisconsin-Madison, Madison, WI 53706-1695, U.S.A.
E-mail: niebauer@sunset. meteor.wisc.edu

The Bering Sea undergoes exceptional seasonal as well as extreme interannual variability. In the mean,
winter sea ice advance exceeds 1000 km while in summer the Bering Sea is ice free. Interannual ice
variability is as great as 400 km. The interannual variability of the Bering Sea depends in large part on
the winter variability of the Aleutian low. Results of analyses of the Aleutian low, monthly mean ice
cover from the Bering Sea, and the Southern Oscillation Index (SOI) show that before a regime shift in
the late 1970's, below normal ice cover in the Bering Sea was typically associated with El Nifio. That
is, El Nifio conditions caused the Aleutian low to move eastward of normal carrying warm Pacific air
from the south over the Bering Sea. Conversely, above normal ice cover was associated with La Niia
conditions which caused the Aleutian low to move westward of normal allowing higher pressure to
move over the Bering Sea. However, since the regime shift, the Aleutian low has been moving even
farther to the east during El Nifios causing winds to blow from the east and north off Alaska resulting in
above normal ice. This Aleutian low movement has caused the correlation of ice with the SOI to
change sign compared to before the "regime shift". The effect of the El Nifio of 1997-98 on the Bering
Sea is framed against this scenario, as is the developing La Nifia of 1998.

7AM1998-SB12 invited
THE BIG PICTURE IN THE NORTH PACIFIC IN 1997-98

James J. O'Brien
Florida State University, Johnson Building 200, Tallahassee, FL 32306-2840, U.S.A.
E-mail: o'brien@coaps.fsu.edu

By most accounts we have experienced the largest El Nifio in this century in 1997-98. This talk will
review the life cycle of winds over the past decade and sea surface temperature anomalies. We will
demonstrate the connectivity of the Aleutian low anomalies to the equatorial El Nifio. It is also possible
to visualize Ekman upward pumping of cold water in the Alaskan gyre. Recent ideas concerning the
demise of the Alaskan Stream by the remotely equatorial Kelvin waves.

7TAM1998-SB13 oral
ATMOSPHERIC ANOMALIES IN 1997: LINKS TO ENSO?

James E. Overland, J.M. Adams, & N.A. Bond
NOAA/PMEL and UW/JISAO, 7600 Sand Point Way NE, Seattle, WA 98115-0070, U.S.A.
E-mail: James.E.Overland@noaa.gov

Positive SST anomalies occurred in the North Pacific in 1997, across the Gulf of Alaska beginning in
May, and extending to the eastern Bering Sea (EBS) in June-August. For April-August there were
higher 700 mb heights, lower 925 mb humidities (RH) and warmer 925 mb temperatures over the EBS.




Associated reduced cloud cover and increased insolation are consistent with increased SST due in part
to atmospheric causes. While anomalies were generally of the same sign for all months for all
variables, May and August showed largest values for temperature and height fields, while June showed
a minimum RH and a maximum net short wave flux anomaly. All fields were obtained from NCEP.
The March-August period resembled the positive phase of the North Pacific (NP) oscillation with a
weakening of the westerlies over the EBS. There has been a trend toward the positive phase since 1980.
Recent modeling suggests that the NP pattern can be associated with ENSO. The March-May
atmospheric anomalies occur before the major equatorial warming, and are associated with an
atmospheric blocking pattern, but an equatorial influence in August cannot be ruled out.

7AM1998-SB14 poster

SHARP CHANGES OF HYDROMETEOROLOGICAL CONDITIONS IN THE NORTH-
WESTERN PACIFIC IN PERIOD OF 1997/1998 EL NINO EVENT

Vadim P. Pavlychev

Pacific Research Institute of Fisheries & Oceanography (TINRO-Centre), 4, Shevchenko Alley, Vladivostok,
690600 Russia E-mail: root@tinro.marine.su

Unusual development of the last El Nifio (for the first time event have appeared in April, 1997 instead
of November or December as a rule) must be reflected on natural conditions of remote regions of the
northern N. Pacific Ocean. In present work the separate facts of anomalous changes of
hydrometeorological conditions in the northwestern Pacific, including the Far Eastern seas, are shown.
The significant weakening of cyclonic activity was observed within the region 30-70°N and 130-180°E
in January-March, 1997. So, a number of cyclone days at the earth, counted on 5° squares, was
minimum (247) relatively of previous three years (337 in 1994, 335 in 1995, 296 - in 1996). It was
especially expressed for the western part of the circulation was timed for minimum solar activity (data
of V.F. Chistyakov, Ussuriskaya Observatory). Low ice conditions were revealed in the Okhotsk and
Bering Seas. Unusual warm summer was observed in Primorye. Positive temperature anomalies were
registered at the northern Okhotsk Sea shelf, the Western Kamchatka and also in the north of the Bering
Sea. As a result, based on data of TINRO-Centre specialists, the unusual distribution of marine
hydrobionts was found: appearance of Eumicrotremus soldativi low abundant year-class (Melnikov,
1997), displacement of Paralithodes camstehatica to the south (Myasoedov, 1997), spreading of
Chionocetes opilio to the north near the cape Navarin and even in Anadir Bay (Slizkin, 1997). In
January-March, 1998 the meteorological situation has changed sharply on the contrary. A number of
the cyclone days has increased relatively 1997 (319). The ice area in the Sea of Okhotsk (84% for 9
March) was significantly larger than during previous years with low ice conditions. In February, 1998
practically not one cyclone went to the sea of Okhotsk. In January-March, 1998 the ice edge at the
Bering Sea was on 90-100 miles more south than in 1997. All above mentioned facts reflect indirectly
the impacts of the 1997/98 El Nifo event on the N. Pacific Ocean and its marginal seas.
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HYDROGRAPHY AND ZOOPLANKTON OFF THE CENTRAL OREGON COAST
DURING THE 1997-1998 EL NINO EVENT

William T. Peterson
NOAA/NMFS/Northwest Fisheries Science Center (NWFSC), Hatfield Marine Science Center, 2030 S. Marine
Science Drive, Newport, OR 97365, U.S.A. E-mail: bpeterso@sable.nwfsc-hc.noaa.gov

[ had the good fortune to initiate monitoring of hydrography and zooplankton offshore of Newport,
Oregon prior to the 1997-98 El Nifio event. Stations 1, 3, 5, 10 and 15 miles off Newport were
sampled biweekly beginning in May 1996. In 1997, upwelling began as usual in late March indicating
the onset of the spring transition. A boom in zooplankton production followed in April. In May,
northerly winds weakened, upwelling relaxed, Columbia River plume water moved onto the shelf, and
zooplankton numbers began to decline. A second upwelling event lasting five weeks occurred from 12
July through 19 August, but with little biological response; subsequently, upwelling ceased altogether.
Sea surface temperatures on the shelf warmed from 12-17°C during the period of extended relaxation
from May until mid- July. Surface waters cooled to 10°C during the July/August upwelling event. In
late August surface waters warmed to a record temperature of 18.5°C, warmer by 1 degree than any
observation made during the 1983 El Nifio event. Secchi depths were deep during both the early and
late summer warm events, averaging 10 m during June/July and exceeding 15 m during the late-
summer warming event. Usual secchi depths are on the order of 3-5 m during the summer upwelling
season.

The copepods captured in shelf waters during April/May and during the July/August upwelling events
were boreal species. During relaxation of upwelling in May/June and August/September, species
captured were those normally found in waters offshore of Oregon. During the winter months of
1997/98, the zooplankton were typical of those expected with the Davidson Current -- i.e., species with
southern and offshore affinities. In spring 1998, these same southern and offshore species continued to
dominant the zooplankton through at least mid- June, chiefly because upwelling had not become
established. In contrast to the 1982-83 El Niiio, very few "unusual” zooplankton, fish or bird species
were seen in Oregon's coastal waters. Thus, the greatest effect of the 1997/98 El Nifio on the coastal
zooplankton community was a reduction in biomass and production of local zooplankton species due to
a shortened upwelling season in 1997 and a delayed start of upwelling in 1998, and changes in
community structure due to advection onshore of species which are normally found off
Northern/Central California and/or in waters well offshore of Oregon.

7AM1998-SB16 poster

BIOLOGICAL EFFECTS OF THE 1997/98 EL NINO IN LOWER COOK INLET,
ALASKA

John Piatt' & Dave Roseneau®

' Alaska Biological Sciences Center, USGS, 1011 E. Tudor Road, Anchorage, AK 99503, U.S.A.

E-mail: john_piatt@usgs.gov

2 Alaska Maritime National Wildlife Refuge, USFWS, 2355 Kachemak Bay Drive, Homer AK 99603, U.S.A.
E-mail: dave_roseneau@fws.gov

We have been studying the biology of seabirds in relation to forage fish abundance at three colonies in
lower Cook Inlet since 1995. Parameters measured at colonies for five seabird species include
population size, breeding success, chick feeding and growth rates, diets, foraging effort, and




physiological stress. The distribution and abundance of potential forage fish have been measured using
hydroacoustic surveys, mid-water and benthic trawls, beach seines, and SCUBA transects.
Oceanographic measurements include continuous SST's near colonies, CTD profiles across the inlet,
and AVHRR imagery of SST's. In 1997 we initiated sampling of nutrients, phytoplankton and
zooplankton. Data collected in 1995-1997 reveal a consistent pattern. Upwelling and tidal mixing of
deep GOA water at the east entrance to Cook Inlet and advection north to Kachemak Bay support high
production of plankton, forage fish and seabirds. Juvenile pollock dominate in offshore waters around
the Barren Islands, while sand lance dominate near shore of the Kenai Peninsula and Kachemak Bay;
and these are the prey most eaten by seabirds. At Chisik Island, on the west side of Cook Inlet,
southbound currents are warmer, fresher, and support low production of plankton, fish and seabirds.
Despite warmer than average SST's in 1997 and a large die-off of seabirds in the Bering Sea, we
observed no effects on fish or seabirds in Cook Inlet. Warm waters persisted through winter, however,
and we observed a large die-off of seabirds in Cook Inlet in May. At this writing (June 30), several
signs suggest that forage fish are scarce in Cook Inlet and seabirds will have difficulty breeding at any
colony. In any case, we are poised to assess effects, if any, of the 1997/98 El Niiio at several trophic
levels in Cook Inlet.

7AM1998-SB17 oral
THE ENSO SIGNAL IN THE NORTH WEST PACIFIC
Vladimir I. Ponomarev, V. Yu Arhipchuk, E.I. Ustinova

Pacific Oceanological Institute, 43 Baltiyskaya Street, Viadivosiok, 690041, Russia
E-mail: ponomarev%dan86@poi.marine.su

The oscillations of ENSO scale (3-6 years) in the oceanographic and meteorological characteristics in
the Northwest Pacific were studied. We analyzed the time series of Southern Oscillation Index, air
temperature and precipitation at the coastal meteorological stations for the 20th century as well as water
temperature profiles and ice extent in the Japan and Okhotsk Seas for the second part of the 20th
century. We also considered the time series of meteorological situations in the atmosphere over the
North Pacific using systematization and calendar developed by Polyakova (1988, 1996). The calendar
includes number of days with certain types of meteorological situations from 1949 to 1997. Six types
of typical meteorological situations are associated mainly with different positions of cyclone tracks over
the North Pacific.

Some features of the ENSO scale variations in different oceanographic and meteorological
characteristics are revealed. It is shown that the total duration of the certain meteorological situations
in the cold season is well correlated with both Southern Oscillation Index and temperature of the
Okhotsk Sea cold intermediate layer along 149°E. The warm anomaly of the Okhotsk Sea cold
intermediate layer in 1983 is associated with a substantial ENSO signal in the atmosphere over the
North West Pacific. These phenomena accompany the major equatorial El Nifio observed in late 1982
and early 1983. Features of the ENSO signal in 1997-1998 are discussed.
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COASTAL HYDROGRAPHIC RESPONSES IN THE NORTHERN GULF OF ALASKA
TO THE 1997-8 ENSO EVENT

Thomas C. Royer' & Thomas Weingartner®

' Center for Coastal Physical Oceanography, Old Dominion University, Norfolk, VA 23529, U.S.A.

E-mail: royer@ccpo.odu.edu

2 [Institute of Marine Science, University of Alaska, Fairbanks, AK 99775, U.S.A.

E-mail: weingart@ims.alaska.edu

Temperature and salinity versus depth to 250 m at the mouth of Resurrection Bay, Alaska (60°N,
149°W) (GAK 1) have been measured since December 1970 with various temporal sampling intervals,
ranging from hours to months. The ocean climatology suggests that, seasonally, the upper 100 m is
fluctuating differently than the lower 150 m. The temperature and salinity signals propagate downward
from the surface to about 100 m.

Amplitudes of the interdecadal temperature fluctuations decrease from more than 6°C at the surface to
about 3.6°C at 250 m. Fluctuations in the lower 150 m are coherent. Using a threshold level of one
standard deviation, below 100 m, positive temperature anomalies since 1974 have corresponded to
ENSO events. The 1997-8 ENSO event corresponded to the largest temperature anomaly yet seen at
250 m (1.4°C) (Feb. 1998), more than 3 SD (1 SD = 0.41 C) above normal. The peak took place in
February 1998 with first warming arriving in January. This signal first appeared in Jan. 1998 but by
May 1998 had subsided to 0.38°C, below the ENSO threshold.

An ENSO salinity anomaly signal is absent at this location suggesting that regional ocean circulation
changes do not accompany these events. Changes in the California Undercurrent or atmospheric
teleconnections are possible causes of this ENSO signal propagation.

TAM1998-SB19 oral
OBSERVATIONS OF EL NINO OFF OREGON: JULY 1997 TO PRESENT
Robert L. Smith, Adriana Huyer, P. Michael Kosro & Jack A Barth

Oceanography Department, Oregon State University, 104 Ocean Administration Building, Corvallis, OR 97331-
5503, U.S.A. E-mail: rsmith@oce.orst.edu

Every few months since July 1997, we have made CTD/ADCP sections along the historic Newport
Line (44.6°N) from the coast to 150 km. These show anomalous warming and strong northward flow
associated with El Nifio. In July 1997, classical upwelling structure was observed (isopleths rising
toward coast) but all waters above 500 m were warmer than normal, with largest. anomalies (3°C)
occurring in offshore surface waters. In September 1997, the surface layer was everywhere warm (>
17°C) with low salinity; subsurface slope waters were >1°C above normal with isotherm slope
indicating northward advection. In November 1997, surface layer was 1C warmer than normal;
subsurface waters over the slope were even warmer than in September and steric height rose steeply
toward shore over 60 km, consistent with strong northward flow on shelf. In February 1998, all water
on shelf was > 12°C (>2°C above normal); surface temperature decreased from 12.5°C inshore to
10°C at 150 km from coast. In April 1998, isopleths were nearly flat but temperatures in the upper 100
m remained 2°C above normal, similar to April 1983; temperature anomalies at depths below 150 m
were <0.5°C. In June 1998, isopleths sloped upward toward the coast less steeply than normal for the
upwelling season; temperatures continued to be > 1°C above normal only near the coast and in layer
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between seasonal and permanent haloclines (30-150 m). Surface salinities over the outer shelf in June
were above normal, probably because of weaker-than-normal southward advection of Columbia River
water.

7AM1998-SB20 oral

PHYTOPLANKTON COLLECTED BY A SEDIMENT TRAP DEPLOYED IN THE
MIDDLE SHELF DOMAIN OF THE SOUTHEAST BERING SEA DURING 1997

Stacy L. Smith & Susan M. Henrichs

Institute of Marine Science, University of Alaska Fairbanks, Fairbanks, AK, U.S.A.
E-mail: henrichs@ims.uaf.edu

A swimmer-excluding, time-series sediment trap was deployed in the middle shelf domain of the
southeastern Bering Sea from late April, 1997, until February, 1998. Diatom frustules were the most
abundant, identifiable components of the trapped material during spring and early summer.
Fragilariopsis were the most numerous diatoms in the early spring sample (22 April to 6 May), which
represents material that sank at the end of the spring bloom. Few diatom frustules were seen in the
samples from 20 May to | July, probably because of nutrient depletion of the water column. Another
peak in diatoms was seen in mid to late July, but this was dominated by Detonula and Odontella.
Several samples from July and August also contained numerous small falgellates. No coccoliths were
seen in samples from the first deployment, which ended 2 September. However, coccoliths were very
abundant in the first three samples of the second deployment, from 22 September-27 October. The
timing of the trap coccolith collections coincided with the onset of fall mixing. The stable nitrogen
isotope composition of the sediment trap samples was relatively depleted in N-15 from 22 April to 6
June, and from 22-29 September, when peaks in diatom frustule and coccolith abundance occurred.
This suggests that the trapped material consisted mainly of ungrazed phytoplankton at those times.

TAM1998-SB21 oral

REDISTRIBUTIONS OF CETACEANS IN THE SOUTHEAST BERING SEA
RELA'!‘IVE TO ANOMALOUS OCEANOGRAPHIC CONDITIONS DURING THE 1997
EL NINO

Cynthia T. Tynan

Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, NOAA/Pacific Marine
Environmental Laboratory, 7600 Sand Point Way NE, Seattle, WA 98115-0070, U.S.A.

E-mail: tynan@afsc.noaa.gov

During the summer of 1997, anomalous oceanographic conditions occurred in the Southeast Bering Sea.
By mid-July, sea surface temperatures were 2-4°C warmer than in 1996 and an extensive
coccolithophore bloom, approximately 380 km wide, developed over the middle shelf. Both the
occurrence of the bloom and the unusually warm temperatures have the potential to alter the trophic
dynamics and prey availability in the region. Results of a cetacean survey across the Southeast Bering
Sea shelf from July 17 - August 5, 1997, suggest that redistributions of some cetacean species may have
occurred. Five species of large whales occurred in or near the bloom: fin whale Balaenoptera
physalus, humpback whale Megaptera novaeangliae, minke whale Balaenoptera acutorostrata, sei
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whale Balaenoptera borealis, and northern right whale Eubalaena glacialis. The relatively high
abundance of large whales south of the Inner Front (50 m isobath) and near the coccolithophore bloom,
suggests that conditions on the middle shelf provided productive foraging for cetaceans and their
principal prey, euphausiids and copepods. This distribution however contradicts the historical pattern
of higher whale biomass associated with the "Green Belt" of the shelf edge. This redistribution is
consistent with either a shift in foraging ecology linked to anomalous oceanographic conditions during
an El Nifio year, or is indicative of a longer-term change in the regional productivity and trophic
structure of the Bering Sea ecosystem.

TAM1998-SB22 oral
PREDICTABILITY AND FORECAST VERIFICATION IN THE EL NINO EVENTS
Jingyi Wang

National Research Center for Marine Environment Forecasts, Da Hui Si No.8, Haidian District, Beijing, People's
Republic of China. 100081 E-mail: lti@mx.cei.gov.cn '

The 1997-98 El Nifio prediction and natural disaster over the coastal areas are reviewed in China. The
97-98 El Nifio prediction was very successful in National Research Center for Marine Environment
Forecasts. In fact, the El Niiio predictions have better skill level, as it is usual in other countries. The
strong marine disasters had occurred in the coastal areas of China in 1997. For example, the strongest
storm surge in this century was occurred, the sea ice cover was lighter than during the normal years in
the Bohai Sea and so on. How can we be certain that the El Nifio prediction should have better skill
level or not?

A method of forecast verification was made. For each test factor, the following factors was tabulated:
average deviation, mean absolute error, tendency correlation, anomaly correlation, absolute correlation,
skill index, ability index. The most successful skill was found in El Nifio predictions, correlation
coefficients were 0.5 - 0.7 with six or more months lead by using statistical - dynamic methods. But, it
is still suffered from the predictability barrier in Feb. - Apr.

The central task of El Nifio prediction is improving the ability to predict the SSTA. The analyses
indicate that the correlation of SST between two or three continuous months is strong, and it shows that
the regions with the strongest SST persistence are concentrated on the specific areas. We have to pay
attention to it.

It is possible that the operational El Nifio predictions in the next few years should be as usual based on
the statistical - dynamic methods rather than on the dynamic models.
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TAM1998-SB23 oral
BIOLOGICAL EFFECTS OF THE 1997-1998 EL NINO EVENT OFF OREGON:
NUTRIENT AND CHLOROPHYLL DISTRIBUTIONS

Patricia A. Wheeler & Jon Hill
College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR 97331, U.S.A.
E-mail: pwheeler@oce.orst.edu

As part of the west coast GLOBEC long-term observation program we began measuring nutrient and
chlorophyll distributions off the Oregon coast in July 1997. Three types of sampling have been
conducted: a broad scale sampling in July 1997 (with R. Emmett, NOAA/NMFS) included eleven
transects extending from the shore to 120 miles offshore, high frequency sampling along the Newport
hydroline (with B. Peterson, NOAA/NMFS), and additional sampling along 1-3 other transects every
few months (with R. Smith et al. Oregon State University). General features of the broad scale survey
include evidence of more upwelling, increased nutrients and higher chlorophyll in the southern half of
the region compared with the northern half. High frequency sampling along the Newport hydroline
showed less upwelling, lower nutrients and lower chlorophyll compared to non-El Nifio years.
Comparison of the nutrient and chlorophyll distributions with physical data will be presented to suggest
the magnitude of the impact of changes in upwelling dynamics on primary production.

7AM1998-SB24 oral

IMPACTS OF THE RECENT AND PAST EL NINO EVENTS ON NUTRIENT
SUPPLY, PRIMARY PRODUCTION AND PLANKTON DISTRIBUTION OFF THE
B.C. COAST

Frank Whitney', David Mackas?, David Welch® & Marie Robert*

Department of Fisheries & Oceans Canada, Pacific Region

whitneyf@dfo-mpo.gc.ca

mackasd@dfo-mpo.gc.ca

welchd@dfo-mpo.gc.ca

robertm@dfo-mpo.gc.ca

P

On the West Coast of Canada, the warmest surface seawater temperatures ever measured were recorded
during the recent El Nifio. Elevated SST has been the norm for most of the 1990s, and is coincident
with a prolonged 19914 and a strong 1997 El Nifio. Warming (anomalously high T) is observed to
several hundred meters depth in coastal and shelf waters along Line P (a section running westward from
the mouth of the Juan de Fuca Strait, out to Ocean Station P); advection from the south is the probable
source of the subsurface warm signal. Other T/S sections, further north in the Guif of Alaska, will be
reviewed to look for similar warm waters.

With the increased buoyancy of surface waters in winter (due mainly to warming) comes a thinning of
the mixed layer and a reduction in the resupply of nutrients to the euphotic zone. New production rates
(nitrate based primary production), calculated from the observed spring/summer removal of nitrate
from waters off the coast of Vancouver Island, show a large year to year fluctuation. The results from
summer 1998 will be compared to observations made over the past decade, to estimate the impact of
this most recent El Nifio on primary production and zooplankton species compositions. Information on
advective transport is also obtained from zooplankton distributions.
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TAM1998-SB25 oral

STOCK ABUNDANCE AND SIZE COMPOSITIONS OF THE NEON FLYING SQUID
IN THE CENTRAL NORTH PACIFIC OCEAN DURING 1979-1998

Akihiko Yatsu, Junta Mori, Hiroyuki Tanaka, Tomowo Watanabe, Toshimi Meguro, Yoshihiko Kamei
& Yasunori Sakurai '

National Research Institute of Far Seas Fisheries, 5-7-1 Orido, Shimizu, Shizuoka, Japan. 424-8633
E-mail: yatsua@enyo.affrc.go.jp

The Neon flying squid, Omimastrephes bartrami, was the target of the Japanese squid driftnet fishery in
the Central North Pacific Ocean during 1979-1992. Interannual variability in catch-per-unit-effort
(CPUE) of this fishery was highly correlated with that of the autumn cohort O. bartrami of the Hokusei
Maru's research driftnet surveys along 175-30°E in July which coincided with the peak of the
commercial fishery. The research net CPUEs were 3.6 to 4.6 times higher in 1979, 1994-96 and 1998
than in other years (average 0.58 squid per a 50m net), suggesting effect of the fishing on the stock
abundance. In 1997, most prominent El Nifio year in this century, the CPUE of research driftnets was
lowest (0.53) during 1994-1998 and modal mantle length of the autumn cohort was considerably larger
than in other years. Similar trends in CPUE and size composition of the autumn cohort were found in a
driftnet survey in April and May and in the newly developed jig fishery during 1997 and 1998.

7AM1998-BIOtopicOl oral

PHYTOPLANKTON FALL BLOOMS IN THE OPEN WESTERN AND EASTERN
SUBARCTIC PACIFIC: ADDED IRON OR RELAXED GRAZING?

Karl Banse

School of Oceanography, Box 357940, University of Washington, Seattle, WA 98115-7940, U.S.A.
E-mail: banse@u.washington.edu

The offshore subarctic Pacific and the deep parts of the Bering Sea, in contrast to their coastal or
seasonally ice-covered waters, appear to be High Nitrate-Low chlorophyll (HNLC) areas without spring
or summer blooms, the phytoplankton biomass being dominated by small cells. Near the former OWS
"Papa”, much observational, experimental, and modeling work has shown that the ultimate cause is
scarcity of iron, while the proximal cause is grazing by small, principally unicellular zooplankton.

For parts of the offshore regions, however, earlier Soviet studies, focusing on the larger phytoplankton
and the larger grazers, and recent Coastal Zone Color Scanner observations have commonly recorded
material increases of phytoplankton concentrations in fall. I will discuss seasonal advection of iron
from the coast, dust falls, and relaxation of grazing as possible causes.

The overriding issue seems to be: Is our understanding of the offshore eastern subarctic Pacific
applicable to the offshore western subarctic Pacific, or are large new shipboard studies required for the
latter?
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7AM1998-BIOtopic02 oral

IS THERE A CONNECTION BETWEEN DUST AND FISH?: HOW IS BOTTOM UP
AND TOP DOWN CONTROL TURNED ON AND OFF?

Paul J. Harrison', Philip Boyd?, & Robert Goldblatt'

' Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, BC, Canada V6T 1Z4

E-mail: pharrisn@unixg.ubc.ca
2 Present address: Department of Chemistry, University of Otago, Dunedin, New Zealand

In the subarctic NE Pacific at Station P, ambient iron concentrations generally control the growth of
large phytoplankters. If 2 nM Fe is added in shipboard carboy experiments, mainly large diatoms
quickly grow up and nitrate, silicate and iron are used up in 5-7 days. When these large cells become
nutrient limited (especially due to low Si and/or Fe), their sinking rates increase dramatically (up to 5
times). Even when large mesozooplankton are near their maximum abundance in May, they are not
able to crop down this increase in biomass of large phytoplankters in these carboy experiments. In fact,
doubling the numbers of large copepods such as Neocalanus did not control the increase in these large
cells. These shipboard experiments suggest that any rapid increase in large phytoplankters caused by a
sudden increase in ambient Fe (e.g. episodic dust event) would not be passed on to fish via
mesozooplankton. Instead, this increase in phytoplankton is likely to sink out of the photic zone. Thus
a spike addition of Fe is likely to increase export production at Station P. However, if the increase in
ambient Fe was gradual over several decades, due to either a decrease in the mixed layer depth as
shown by Freeland et al., or due to increased supplies of iron (increased dust storms in Asian deserts
due to increased desertification, or horizontal transport from the Alaskan Gyre), then the biomass of
mesozooplankton may gradually increase over several years and this increase might be passed on to
fish.

TAM1998-BIOtopic03 oral

CHANGE IN THE CONCENTRATIONS OF IRON IN DIFFERENT SIZE FRACTIONS
DURING A PHYTOPLANKTON BLOOM IN CONTROL ECOSYSTEM ENCLOSURES
Jun Nishioka', Shigenobu Takeda' & C.S.Wong?

' Central Research Institute of Electric Power Industry 1646 Abiko, Abiko-shi, Chiba 270-11, Japan

2 Climate chemistry Laboratory, Institute of Ocean Sciences, P.O.Box 6000, Sidney, BC, Canada. V8L 4B2

E-mail: NISHIOKA@ios.bc.ca or nishioka@criepi.denken.or.jp
s-takeda@criepi.denken.or jp

To observe the micro-nutrient and carbon dynamics in the plankton ecosystem, controlled ecosystem
enclosure (CEE) experiments were conducted in Saanich inlet, B.C., Canada.

Two CEEs (2.5m in diameter, 16m in length, one for Fe study and the other for biological study) were
launched for the period 22 July-to 5 August 1996 and enriched with 10 M nitrate and 5.2 nM iron on
day 1. Sampling from three integrated depth, intervals 0-4, 4-8 and 8-12m, was done for the same
hours, about 11 am, on days 0, 1, 2, 3,4, 5,7, 9, 11 and 14. Fe concentrations were measured for
five size fractions; > 20-30 um particle, 2-20 gm particle, 0.2-2 gm particle, 0.2 4m-200 kDa small
colloidal-particles and < 200 kDa dissolved species. The sediment in the iron enclosure was also
collected on every sampling day after day 2 and its iron was also determined. Size-fractionated
particulate organic carbon and total chlorophyll a were also analyzed.

Of all the size fractions of Fe, the small colloidal-particle fraction decreased most significantly during a
phytoplankton bloom. The rate of decrease amounts of Fe in small-colloidal particles was larger than
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that of total Fe, from day | to day 4. In contrast, the > 20-30 um Fe particles increased over the same
period. The results suggest that Fe in small colloidal-particles changed to > 20-30 zm Fe particles
during phytoplankton growth. A large amount of Fe was kept in surface layer with phytoplankton, and
transported to deep layer by phytoplankton sedimentation, at the end of bloom.

7AM1998-BIOtopic04 oral

THE CHANGE OF CHLOROPHYLL A, NUTRIENTS AND PHOTOSYNTHESIS
FROM SUBTROPICAL TO TRANSITION REGION IN JUNE AROUND KUROSHIO
EXTENSION

Katsuyuki Sasaki, Kiyoshi Kawasaki & Kaoru Nakata

National Research Institute of Fisheries Science, Fisheries Agency, 2-12-4 Fukuura, Kanazawa-ku, Yokohama,
236-8846, Japan E-mail: katusa@nrifs.affrc.go.jp

Larvae of Pacific saury are known to feed on warm-water small copepods around Kuroshio Extension
(KE) when they move from subtropical to transition area through KE. We examined the distributions
of chlorophyll @, nutrients and photosynthesis as well as physical elements such as water temperature in
June 1996 around KE at 149°E in order to elucidate the feeding condition for Pacific saury. We
estimated serial vertical distributions of chlorophyll a from CTD fluorescence and chlorophyll a data,
nutrients from the relation between water temperature and nutrients, photosynthesis from the relation
between natural fluorescence and photosynthesis. Chlorophyll a, nutrients and photosynthesis were
abundant in upper 40 m at the immediate northern part of KE and these elements distributed relatively
uniformly in the upper 60 m at the 60 miles apart south from KE, while they were few in the upper 100
m at the 120 miles apart south from KE. When examined the relation among nitrate (N), phosphate (P)
and silicate (Si), N seemed to be consumed firstly. N/P consumed ratio was nearly equal to Redfield
Ratio (16) at all station but N/Si ratio was 1.5 in the northern part and 0.5 in the southern one. We
concluded that the feeding condition for Pacific saury larvae changed from scarce to productive area
and from non-diatom to diatom system. The remaining problem may be the clarification of the
meaning of this change for the larvae.

7AM1998-BIOtopic05 invited

CONTROLLING FACTORS FOR PHYTOPLANKTON BIOMASS IN THE
SUBARCTIC NORTH PACIFIC

Akihiro Shiomoto

National Research Institute of Far Seas Fisheries, 7-1 Orido 5 Chome, SIumtzu-sht, Shizuoka, 424-8633 Japan
E-mail: shiomoto@enyo.affrc.go.jp

Phytoplankton biomass in the surface waters changes little throughout the year and shows a relatively
steady annual level of about 0.4 xgChl-a/l for the past three decades in the eastern subarctic North
Pacific (Station P). The low biomass has been explained by grazing pressure, iron limitation, or the
iron-grazing theory. In contrast, high biomass values have been reported in spring and summer seasons
in the western region. Little is known about the year-to-year variation in phytoplankton biomass in the
western and central regions.
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To clarify the regional and year-to-year variations in phytoplankton biomass and elucidate controlling
factors of these variations, chlorophyll a concentration was monitored in summer and winter in the
subarctic North Pacific, especially in the western and central regions.

In the summertime, in the Western Subarctic Gyre, high phytoplankton biomass was observed in 1993
and 1994. The average chlorophyll a concentration (1 zgChl-a/l) in the upper layer was about three
times larger (0.4 ugChl-a/l) than that in the Alaskan Gyre, Station P. This observation suggests that
iron limitation of phytoplankton growth is weaker in the western gyre.

In the wintertime during the trans-Pacific cruise in 1992, high phytoplankton biomass contributed by
large phytoplankton was occasionally observed in the western and central region, but not in the east.
The high biomass of the large phytoplankton was likely to be caused by the more turbulent condition of
water column induced by stronger winds.

Based on the summertime observations in the central region from 1985 to 1994, phytoplankton biomass
tended to be higher in the odd-numbered years and lower in the even-numbered years. It is possible
that the grazing effect by higher trophic levels plays an important role in the year-to-year variation.

Based on these results, iron and wind may play an important role in the regional variation in
phytoplankton biomass, whereas grazing may be related to the year-to-year variation.

7AM 1998-BIOtopic06 oral

MICROZOOPLANKTON IN THE SUBARCTIC PACIFIC: TEMPORAL VARIATION
AND ITS SIGNIFICANCE FOR GRAZING CONTROL OF PHYTOPLANKTON
Suzanne Strom

Shannon Point Marine Center, Western Washington University, 1900 Shannon Point Road, Anacortes, WA
U.S.A. E-mail: stroms@cc.wwu.edu

Microzooplankton in the open subarctic Pacific are demonstrably the major source of grazing mortality
for phytoplankton, as well as the major source of nutrition for calanoid copepods. Little is known,
however, about this key trophic link. This paper presents results of a GLOBEC retrospective analysis
of subarctic microzooplankton standing stocks, size structure, and taxonomic composition over an 11-
year period (1987 to 1998). Preliminary results indicate that seasonal cycles in microzooplankton
biomass are minimal, with winter biomass levels equaling those typical of midsummer. This
contradicts model predictions for this region, which indicate that seasonal cycles in primary
productivity should translate into seasonal cycles in microherbivore biomass.

In contrast to the seasonal near-constancy in biomass, pronounced seasonal cycles in population size
structure (cells larger, on average, in the winter) and taxonomic composition are evident. This suggests
that physical forcing of the microplanktonic food web in this region may occur more through shifts in
community composition than through gross changes in biomass. Further, the absence of summer
microzooplankton biomass increases suggests a tight coupling between primary production and higher
trophic level consumers (i.e. copepods). An analysis of interannual variability in microzooplankton
biomass and community structure will also be presented.
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7AM1998-BIOtopic07 oral

INTERDECADAL VARIATIONS OF PLANKTON BIOMASS IN THE NORTH
PACIFIC

Takashige Sugimoto' & Kazuaki Tadokoro®

' Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku, Tokyo 164-8639, Japan

E-mail: sugimoto@ori.u-tokyo.ac jp

2 National Research Institute of Far Sea Fisheries, 5-7-1 Orido, Shimizu-City, Shizuoka 424-8633, Japan

In the central and western subarctic Pacific, zooplankton biomass and chlorophyll concentrations during
the later 1960’s to mid 1970’s were a few times higher than those in the preceding and following
decades, which corresponds to higher values of the atmospheric northern hemisphere zonal index
(NHZI). In the Alaskan Gyre, however, it was reported that biomass of zooplankton and nekton
doubled after the atmospheric regime shift in the mid 1970’s. In the subtropical North Pacific,
chlorophyll a concentration drastically decreased after 1980, although a decrease of zooplankton
biomass was clear only in the northern part of the subtropical gyre. Chlorophyll concentration in the
central subarctic Pacific and zooplankton biomass in the Oyashio have been decreasing since early
1980’s, and chlorophyll concentration in the western subarctic Pacific and eastern Bering Sea, and
zooplankton biomass in the central subarctic Pacific and eastern Bering Sea since late 1980°s have also
been decreasing. In these regime shift-like phenomena, there is a general tendency that intensification
of the wind speed or destratification causes plankton biomass to decrease in the region where the upper
mixed layer is deep, such as the western subarctic and northwestern subtropical water, but to increase
in relatively stratified areas, such as in the eastern subarctic and southwestern subtropical water.

7AM1998-BIOtopic08 oral

IMPORTANCE OF LOW SALINE ADVECTED WATER FROM THE OKHOTSK SEA
FOR SPRING BLOOMING OF PHYTOPLANKTON IN WEST SIDE OF THE NORTH
PACIFIC OCEAN

Kazuaki Tadokoro' & Takashige Sugimoto®

' National Research Institute of Far Sea Fisheries, 5-7-1 Orido, Shimizu, Shizuoka-ken, Japan. 424
E-mail: denden@ss.enyo.affrc.go.jp

2 QOcean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku, Tokyo, Japan. 164-8639

At the previous PICES meeting we had investigated west-east comparison of phytoplankton seasonality
in the subarctic North Pacific Ocean and suggested that formation period of seasonal pycnocline
controls spring blooming magnitude. Here, we expand the survey area in west side ol the North
Pacific, and considered causes of the seasonal pycnocline formation. Decreasing in the salivity affected
not only spring blooming in the Oyashio water, but also in the Transition water. In both waters,
decreasing upper layer salinity causes the seasonal pycnocline formation in April. We considered that
two factors attribute the salinity decrease, one is precipitation and another one is advection of low
salinity water from the Okhotsk Sea. The maximum precipitation is in July, and in April is not so large
in west side of the North Pacific, hence, the role of precipitation is small. Upper layer of the Okhotsk
Sea is of low salinity concentration relatively to Pacific side waters. Satellite images indicated the Low
salinity, high Chl-a concentration water intrude in the offshore of the Oyashio water from the Okhotsk
Sea in April. We hypothesis that the advection of the low salinity water from the Okhotsk Sea guide to
the seasonal pycnocline formation, and the early start pycnocline formation may play important role in
the spring blooming in the Oyashio and Transition water.
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DEEP PHYTOPLANKTON UPTAKE AND GROWTH ON THE SOUTHEAST BERING
SEA SHELF IN 1997 AND 1998

Terry E. Whitledge & D.A. Stockwell

School of Fisheries & Ocean Sciences, University of Alaska Fairbanks, Fairbanks, AK 99775-7220, U.S.A.
E-mail: whitledge@ims.uaf.edu

Prior studies of nutrient-phytoplankton dynamics of the Southeast (SE) Bering sea shelf during
PROBES observed a regular sequence of weather events that produced water column stratification for
the initiation of a phytoplankton bloom over the middle and outer shelf regions. Field studies of the
Southeast Bering Sea Carrying Capacity (SEBSCC) and Inner Front programs in 1997 and 1998
occurred during periods of anomalous weather which in turn produced unusual phytoplankton dynamics
over the SE Bering Sea shelf. The weather during the late spring and summer 1997 was very calm with
light winds that produced a strong shallow pycnocline that allowed phytoplankton to occur in the bottom
layer. In contrast, the weather during the early summer of 1998 was windy which only allowed the
formation of a weak pycnocline for short time periods. The well mixed water column hindered a strong
phytoplankton bloom so the nutrients were slowly depleted over the entire water column and
phytoplankton biomass increased very slowly. These two anomalous years apparently producted
different phytoplankton species and/or size classes. The highly unusual coccolithophorid bloom in 1997
probably resulted from the relatively warm waters, low concentrations of nutrients and atypical nutrient
ratios. The oceanographic conditions during the summer of 1998 are different but the oceanic
conditions for another unusual phytoplankton bloom may exist.

7AM1998-BIOtopic10 poster

PHYTOPLANKTON IN THE NORTH-EAST PART OF THE OKHOSK SEA AFTER
ICE THAWING

S.P. Zakharkov', T.Yu. Orlova 2, N.S. Vanin' & E.A. Shtrakhert'

' Pacific Oceanological Institute, Far Eastern Branch Russian Academy of Sciences, Vladivostok, Russia.

690041 E-mail: root%dan86@poi.marine.su
2 Institute of Marine Biology, Far Eastern Branch Russian Academy of Sciences, Vladivostok, Russia. 690041

Main factor controlling phytoplankton development during winter in the Okhotsk Sea is convection.
We conducted survey in the region 54°20'-54°00'N, 153°20'-154°40'E from 23 March to 14 April
1998, when winter convection process just have finished. To define vertical temperature distribution
we used TR-1000-F Data Logger. The standard spectrophotometric method was used to determinate
phytoplankton pigments. Samples were fixed, concentrated and than the species composition was
determined by settling method.

Pigment and species composition of samples taken through 50-100 m shown very spotty character of
phytoplankton distribution. Its concentration varied in 2-3 times on a distance of 250-300 m.

Spottiness in phytoplankton distribution remained when samples were averaged on a distance of I km.
Its scale was about 10-15 miles.

Dominant species were Gymnodinium simplex, Thalassiosira sp., Criptophyta, small flagillates.
Concentration of chlorophyll a varied from 0.129 to 2.422 mkg/1.

Two different types of temperature distribution were observed in studied area. First type characterized
water of the Okhotsk Sea, and another one waters of the West Kamchatka Current.
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Temperature profiles for both types showed a pronounced maximum stratum at the depth of 80-120 m,
what witnessed that convection process was weakened during last winter, and the depth of cooling of
upper layer did not exceed 80 m. Usually this depth reaches 125 m. Remainders of cold subsurface
layer formed by previous winter were observed at the depths of 120-150 m.

We suggest that two different scales of space variability in phytoplankton distribution are related to two
causes: continued convection process and interaction between the West Kamchatka Current and the
Okhotsk Sea waters.

7AM1998-BIOpaper01 poster

EVIDENCE FOR A RECENT INCREASE IN JELLYFISH IN THE BERING SEA,
WITH POSSIBLE LINKS TO CLIMATE CHANGE

Richard D. Brodeur', Claudia E. Mills’, James E. Overland®, & Gary E. Walters'

' Alaska Fisheries Science Center, NMFS/NOAA, 7600 Sand Point Way NE, Seattle, WA 98115-0070, U.S.A.
E-mail: rbrodeur@afsc.noaa.gov

2 Friday Harbor Laboratories, University of Washington, 620 University Road, Friday Harbor, WA 98250,
U.S.A.

*  Pacific Marine Environmental Laboratory, NMFS/NOAA, 7600 Sand Point Way NE, Seattle, WA 98115-0070,
U.S.A.

We examined quantitative catches of large medusae from summer bottom trawl surveys which sampled
virtually the same grid station on the eastern Bering Sea shelf and used the same methodology every
year from 1979 to 1997. This series shows a gradual increase in biomass of medusae from 1979 to
1989, followed by a dramatic increase in the 1990s. The median biomass increased ten-fold between
the 1982-89 and the 1990-97 periods. The majority of this biomass was found within the Middle Shelf
Domain, with a higher rate of increase in the Northwest shelf region. Whether this dramatic increase
in biomass of gelatinous zooplankton has resulted from some anthropogenic perturbation of the Bering
Sea environment or is a manifestation of natural ecosystem variability similar to that seen in other
ecosystems is unclear. However, several large-scale winter/spring atmospheric and oceanographic
variables in the Bering Sea exhibited concomitant changes beginning around 1990, indicating that a
possible regime change occurred at this time.

7AM 1998-BIOpaper02 poster

FRONTS AND FISH: INTERANNUAL DIFFERENCES IN FRONTAL STRUCTURE
AND EFFECTS ON POLLOCK AND THEIR PREY

Richard D. Brodeur', M. Doyle?, J.M. Napp', P.J. Stabeno?, J.D. Schumacher?, M.T. Wilson'

' Alaska Fisheries Science Center, NMFS/NOAA, 7600 Sand Point Way NE, Seattle, WA 98115-0070, U.S.A.
E-mail: rbrodeur@afsc.noaa.gov

2 Pacific Marine Environmental Laboratory, NUFS/NOAA, 7600 Sand Point Way NE, Seattle, WA 98115-0070,
U.S.A.

A tidal front exists around the Pribilof Islands in the eastern Bering Sea which separates well-mixed
nearshore water from the strongly stratified middle shelf water farther offshore. Enhanced mixing of
nutrients at the structural front results in high abundances of phytoplankton, zooplankton and
micronekton. We examined interannual and between-habitat differences in abundance, distribution,
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size composition, age, growth, and feeding habits of age-0 walleye pollock in relation to the physics
and biology associated with fronts north and south of the islands during September of three (1994-96)
hydrographically contrasting years. The frontal region occurred at similar locations offshore during all
years, but thermocline depth varied greatly. Highest chlorophyll and small zcoplankton concentrations
occurred seaward of the front and were lower inshore of the front. Large zooplankton (euphausiids and
cnidarians) were abundant in the stratified offshore waters. Pollock densities were the highest at the
front or offshore of the front but were variable by year. The smaller and younger pollock were inshore
and at the front compared with those found offshore, but the offshore fish were in significantly better
condition. Pollock consumed primarily copepods and euphausiids, although other prey (pteropods,
chaetognaths, other age-0 pollock) were important at times.

7AM1998-BIOpaper03 poster
PRIMARY PRODUCTION OF AHNFELTIA TOBUCHIENSIS (AHNFELTIALES,
RHODOPHYTA) POPULATION IN THE BAY OF IZMENA, KUNASHIR ISLAND

L.I. Cherbadgy', I.N. Samatova?
' Institute of Marine Biology, Viadivostok, Russia. 690041 E-mail: aisa@vld. global-one.ru
% Pacific Research Institute of Fisheries & Oceanography, Yuzhno-Sakhalinsk, Russia. 693016

Regularities of distribution and primary production of Ahnfeltia tobuchiensis (Kanno et Matsubara)
Mak. population, an agar-containing red alga, were studied in the Bay of Izmena. Experiments were
conducted in a flow-through system under the conditions similar to algal habitats. The population of
A.tobuchiensis unattached to the ground may be from a few centimeters to as much as 1 m thick. It has
been shown that only the upper part of a stratum 15-20 cm thick receives a sufficient amount of light to
realize its production potential. While 15-20% of photosynthetically active radiation (PAR) of that
falling on the water surface reaches the stratum surface, only 0,1% of PAR from that falling on the
water surface penetrates through a stratum 15 cm thick. It has been shown for A.fobuchiensis that its
photosynthetic rate curve during the daytime mainly follows the PAR intensity curve. The highest
values of photosynthetic rate have been measured in the afternoon when PAR reaches its maximum. It
is noted that a stratum 15-20 cm thick has peak values of net primary production (NPP) which averages
3.2 gC m?day”. The total area of A.tobuchiensis population was 23,4 km?, and its biomass was 125
000 tons in this area. On average, the NPP of the A.tobuchiensis population made up in summer and in
autumn was 46.8 and 26.0 % of its biomass, respectively.

21



7AM 1998-BIOpaper04 oral
THE FEEDING BY A MIXOTROPHIC THECATE DINOFLAGELLATE
FRAGILIDIUM CF. MEXICANUM ON RED-TIDE DINOFLAGELLATES

Hae Jin Jeong', Jae Hyung Shim?, Jae Seong Kim', Jac Yeon Park?, Chang Won Lee', Yoon Lee®

' Department of Oceanography, College of Natural Sciences, Kunsan National University, Kunsan 573-701,
Republic of Korea E-mail: hjjeong@kunsunl.kunsan.ac.kr

2 Department of Oceanography, College of Natural Sciences, Seoul National University, Seoul 151-742,
Republic of Korea

3 National Fisheries Research and Development Agency, Inchon, Republic of Korea

We investigated prey species, prey selectivity, and the growth and grazing rates of a thecate
mixotrophic dinoflagellate Fragilidium cf. mexicanum feeding on red-tide dinoflagellates and also
explored light and nutrient effects on the grazer’s feeding. Among red-tide dinoflagellate prey offered,
F. c¢f. mexicanum can ingest Lingulodinium polyedrum, Gymnodinium sanguineum, Prorocentrum
micans, P. minimum, and Scrippsiella trochoidea, but it did not feed on Amphidinium carterae or
Cochlodinium polykrikoides. The feeding frequency (FF), based on the percent ratio of Fragilidium
containing one or more target prey cells to total grazers, was significantly affected by prey species. The
maximum FFs of F. ¢f. mexicanum on L. polyedrum and §S. trochoidea after 72 h incubation in unialgal
diet were much higher than those for P. micans, P. minimum, and G. sanguineum. F. cf. mexicanum
strongly selected L. polyedrum over S. trochoidea in prey mixtures. With increasing mean prey
concentration, the growth and ingestion rates of F. ¢f. mexicanum feeding on L. polyedrum
continuously increased with saturation at a mean prey concentration of approximately 500 cells ml™’.
The maximum specific growth rate of F. ¢f. mexicanum on L. polyedrum under a 12:12 h light-dark

cycle of illumination with 20 uE m”s” was 0.36 d’, while its growth rate without added prey was -0.05
d’'. The maximum ingestion rate of F. cf. mexicanum on L. polyedrum, 3.9 prey eaten Fragilidium'd",
was comparable to those of co-occurring heterotrophic dinoflagellate Profoperidinium cf. divergens and
P. crassipes on the same prey. The ingestion rates of F. ¢f. mexicanum on L. polyedrum was not
significantly affected by light intensity or nutrient environments when prey was plentiful.

7AM1998-BIOpaper05 oral

EVALUATION OF COPEPOD GRAZING AS A CONTROLLING FACTOR OF
PHYTOPLANKTON IN MASAN BAY, KOREA

Woong-Seo Kim & Jung Sun Kim

Korea Ocean Research and Development Institute (KORDI), Ansan P.O. Box 29, Seoul, Republic of Korea. 425-
600 E-mail: wskim@kordi.re.kr

The factors controlling phytoplankton populations such as nutrient, temperature, salinity, and grazing
were evaluated in Masan Bay of Korea from the viewpoint of both top-down and bottom-up controls.
chlorophyll a concentrations were higher in summer (June to August). Especially they were extremely
high at the surface layer compared with bottom layer, where dinoflagellates were dominant. Copepods,
the most dominant zooplankton in the study area, showed higher abundances in spring and fall, and
lower in summer. Low grazing pressure in summer was evaluated to be one of the factor that caused
high biomass of phytoplankton in this season. Individual grazing rates of copepods ranged from 0.0096
to 0.2856 Chl-a/copepod/day, and individual ingestion rates ranged from 0.432 to 12.852
C/copepod/day. Grazing rates by copepod community in 1-liter ranged from O to 3.750 Chl-a/day at
the surface layer, and from 0.014 to 0.094 Chl-a/day at the bottom layer. Average community grazing
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rates in |-liter throughout the water column ranged between 0.007 and 1.850 Chl-a/day. Copepod
community consumed up to 11.9% of the total phytoplankton biomass in May, and minimum was 0.2%
in October.

7AM1998-BIOpaper06 poster

NEGATIVE EFFECT OF DIATOM DIETS ON EGG PRODUCTION AND HATCHING
SUCCESS IN MARINE COPEPOD PSEUDOCALANUS NEWMANI

Hong-wu Lee, Syuhei Ban, Yasuhiro Ando, Toru Ohta & Tsutomu lkeda

Faculty of Fisheries, Hokkaido University, 3-1-1 Minato-machi, Hakodate, Hokkaido 041-0821, Japan
E-mail: ban@pop.fish. hokudai.ac.jp

Clutch size and hatching success in marine copepod Pseudocalanus newmani was examined when it was
fed on two diatom diets Chaetoceros gracilis (CHA) and Phaeodactylum tricornutum (PHA), and two
non-diatom diets Paviova sp. (PAV) and Heterocapsa triquetra (HET). Both clutch size and hatching
success varied with food algae after the 3rd clutch. The largest clutch size was shown at CHA,
intermediate at HET and PAV, and the smallest at PHA. Whereas hatching success at both the diatom
diets was significantly lower than that at the two non-diatom diets. Clutch size at mixed diets of CHA
and PAV was the same value as at either CHA or PAV, while the hatching success of the mixed diets
was slightly lower than that at PAV alone but always higher than that at CHA alone. The feeding
experiments showed that females of P. newrani feed on both non-diatom and diatom algae at the same
rate. The eggs exposed to high concentration of the extract from CHA exclusively failed to hatch, but
those of the same concentration from PAV successfully hatched at more than 80%. These results
suggest that the negative effect of diatom diets on hatching success in P. newmani may be caused by
some inhibitory compounds in the diatom cells for copepod embryogenesis. Additionally, the lack of
some poly-unsaturated fatty acids in diatom cells may enhance the failure of hatching.

7AM1998-BIOpaper07 poster

DISTRIBUTION OF DALL'S PORPOISES (PHOCOENOIDES DALLI) IN THE
NORTHERN NORTH PACIFIC OCEAN AND BERING SEA BASED ON HIGH-SEAS
SALMON SURVEYS

Kazuya Nagasawa' & Sakiko Abe-Saito?

' National Research Institute of Far Seas Fisheries, Fisheries Agency of Japan, 5-7-1 Orido, Shimizu, Shizuoka

424-8633, Japan E-mail: ornatus@ss.enyo.affrc.go.jp
2 School of Marine Science and Technology, Tokai University, 3-20-1 Orido, Shimizu, Shizuoka 424-8610,

Japan

The distribution of Dall’s porpoises (Phocoenoides dalli) in the northern North Pacific Ocean and
Bering Sea was analyzed using data collected during Japanese high-seas salmon surveys. The data
consisted of two sets: those from sightings from 1992 to 1994 and those on incidental catch in surface
gillnets from 1981 to 1993.

Among cetaceans recorded, Dall's porpoises were most frequently found during sightings and taken in
gillnet operations. Two color morphs, dalli-type and truei-type, were found: the latter was restricted to
the western North Pacific while the former widely occurred in the northern North Pacific and Bering
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Sea. Incidental catch was high south of the Aleutian Islands from May to August and in the Bering Sea
in June and July. The species also was often caught off southeast Hokkaido. It occurred in a wide
range of sea surface temperatures from 2.8 to 17.4C.

7AM1998-BIOpaper08 oral

THE EFFECT OF FLUCTUATIONS IN THE INPUT OF NITRATE ON
PHYTOPLANKTON BIOMASS AND PRODUCTION: A MODEL ANALYSIS

M. Angelica Peiia

Department of Fisheries & Oceans Canada, Institute of Ocean Sciences. P.O. Box 6000, Sidney, BC, Canada.
V8L 4B2 E-mail: penaa@dfo-mpo.gc.ca

The effects of fluctuations in the input of nitrate on phytoplankton biomass and primary production in
the mixed layer were examined using a simple biological model with four compartments (nitrate,
phytoplankton, zooplankton and ammonium). Simulations were carried out varying the frequency and
magnitude of the nitrate input. The model was run using different sets of parameter values to explore
the influence of the phytoplankton growth rate and the phytoplankton-zooplankton coupling on model
results. Model simulations showed that when phytoplankton growth was close to its maximum growth
rate or when zooplankton was food limited, phytoplankton did not respond to variations in the input of
nitrate, even when the input of nitrate to the euphotic zone was high. In contrast, the highest response
was obtained when phytoplankton growth was nitrate limited and zooplankton grazing was saturated.
For typical growth and grazing rates, periods of nitrate fluctuations equal or less than 4 days did not
influence phytoplankton biomass and production. On longer time scales, the magnitude of the biomass
increase depended on the frequency and magnitude of the input of nitrate, as well as on the zooplankton
parameters.

7AM1998-BIOpaper(9 poster

THE INFLUENCE OF HIDROCHEMICAL INVIRONMENTAL FACTORS ON THE
PRODUCTIVE INDICES OF AHNFELTIA TOBUCHIENSIS (AHNFELTIALES,
RHODOPHYTA) POPULATION IN THE BAY OF IZMENA (KUNASHIR ISLAND)

L. Popova
Institute of Marine Biology, Viadivostok, Russia. 690041 E-mail: aisa@vld.global-one.ru

The distribution pattern and the degree of provision with the nutrient availability of the agariferous red
alga Ahnfeltia tobuchiensis (Kanno et Matsubara) Mak. were studied during 1989-1990 and 1997 in the
Bay of Izmena (Kunashir Island). It has been shown that the areas of maximum concentrations of
dissolved oxygen (0?, ammonium [NH4*] and ortophosphate [PO+*] are disposed in the central and
northeastern parts of the Bay, where the main stocks of A.fobuchiensis are concentrated. On average,
the concentration of oxygen under the layer of A. tobuchiensis increased from 8.2 (0.09 mg 1" to 8.7
(0.08 mg 1" during the day, that testified to the intensive photosynthetic processes in the population. As
a result of daily ammonium and ortophosphate assimilation in algae, the decreasing of the
concentrations of these nutrients from 5.1 M NHs* I"' and 0.45 M PO4" 1" 10 3.53 M NH4" I and 0.35
M PO<* I, respectively, was observed in near-bottom water layer. According to the analysis of the
molar nitrogen / phosphorus ratios in seawater (N:P ratio was 11.5 (3.3 in the morning and 10.6 (3.3 in
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the evening for waters of the Bay) and in algae tissue (N:P ratio was equaled 33 for thallus of A.
tobuchiensis), the conclusion of the sufficient supply of productive processes by the stocks of the main
nutrients in the Bay of Izmena was made.

7AM1998-BIOpaper10 oral
THE RESPONSE OF PHYTOPLANKTON AND NUTRIENT DYNAMICS TO
CLIMATE VARIABILITY IN A COMPLEX COASTAL SYSTEM

Alex Ross', Max Gibbs?, & Jo Davis'

National Institute of Water and Atmospheric Research

' P.O. Box 8602, Christchurch New Zealand E-mail: alex@sparky.kyle.cri.nz
2 P.O. Box 11-115, Hamilton, New Zealand

The extent to which the dynamics of marine ecosystems are predictable is of fundamental importance to
understanding ecosystem functioning. The complexity of planktonic trophic interactions suggests that
marine ecosystem dynamics may be non-linear, and hence that responses to changes in the environment
are unpredictable. However, re-occurring seasonal dynamic patterns in nutrients and plankton
functional groups, indicate a degree of predictability in whole year dynamics. We report on several
years of monitoring data of physical properties, phytoplankton, nutrients, zooplankton, and mussel
growth and condition, in a hydrodynamically complex coastal environment: Pelorus Sound, in the north
of the South Island of New Zealand. We use this dataset to evaluate the linearity in ecosystem response
to climate forcing. Inter-annual variability in phytoplankton abundance, nutrient concentrations, and
mussel condition show a predictable response to variability in freshwater inflows - though the affects of
water-column stability on light-limited growth of phytoplankton. Thus, despite evident shorter
timescale responses of phytoplankton dynamics to changes in both the nutrient supply and zooplankton
abundance, the inter-annual variability appears to be determined largely by climate variability. At these
longer timescales, we argue that the phytoplankton dynamics in this system may be insensitive to
trophic complexity, but highly sensitive to environmental changes which affect the supply of resources
(light and nutrients), driving primary productivity.

7AM1998-BlOpaperl | oral

PRODUCTION AND FATE OF PHYTOPLANKTON OUTSIDE ISHIKARI BAY,
HOKKAIDO, JAPAN

Kyung-Hoon Shin', T. Hama?, N. Yoshie', S. Noriki' & S. Tsunogai'

' Graduate School of Environmental Earth Science, Hokkaido University, Sapporo, 060-0810, Japan

E-mail: shinkh@ees.hokudai.ac.jp
2 Institute of Biological Sciences, University of Tsukuba, Tsukuba, Ibaraki, 305-8572, Japan

Primary production rates were measured outside Ishikari Bay, Hokkaio by the *C tracer method in
February, March, April, July and September. The depth integrated primary production rate in euphotic
layer was strikingly high during the spring bloom. The compositions of fatty acids in the
photosynthetically produced material and suspended particles were determined by the '*C-GC/MS
method. In April, there was a significant diatom bloom judging from the diatom biomass indexes
(16:1/16:0, total C16/C18) and phytoplankton pigment data. Startling production of storage lipids
(16:0, 16:1) was observed in the upper 10 m euphotic layer. The low polyunsaturated degree in C16
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fatty acids in April was on account of nitrogen limitation in the surface 10 m water, which was made by
a developed pycnocline. While a high polyunsaturated degree in C16 fatty acids in suspended particles
found at 100 m water depth in April suggests that the suspended particles at 100 m were originated
from the particles synthesized in the logarithmic growth period. This is also supported by relatively
high Chl-a concentration and low fatty acids concentration ratios to Chl-a at that depth indicating a
large proportion of phytoplankton.

7AM1998-BIOpaper12 oral

EXPERIMENTAL STUDY OF THE RESPONSES OF MARINE PELAGIC
COMMUNITY TO NUTRIENT INPUT USING A MESOCOSM.
MACROZOOPLANKTON AND MICROZOOPLANKTON DYNAMICS

Atsushi Tsuda', K. Suzuki?, S. Takeda®, J. Nishioka®, M. Takahashi’, & C.S. Wong®

' Hokkaido National Fisheries Research Institute, 116 Katsurakoi, Kushiro, Hokkaido 085, Japan
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Department of Biology. University of Tokyo, Komaba, Meguro, Tokyo 153, Japan
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The rolls of grazing by dominant zooplankters (microzooplankton and mesozooplankton) were
estimated during a nutrient enrichment experiment using a mesocosms.  Grazing rates of
microzooplankton, copepods, and Noctiluca scintillans were estimated by dilution method, egg
production, and apparent growth rate, respectively. The primary production estimated by 14C uptake
increased about 11 times from DO to D3, and the grazing rate by zooplankton also increased 7.4 times.
The primary production exceeded the grazing rate from DO to D5, and the grazing exceeded the
primary production only D7, after that, almost balanced rates were observed. The grazing rate of
Paracalanus. parvus did not increase much although egg production increased responding the
phytoplankton blooming, which is because the biomass of the copepod was almost stationery during the
experiment. The most important grazer was microzooplankton. The contribution in the grazing was
largest from DO to D7, and the response to the phytoplankton growth was fastest. The grazing by N.
scintillans contributed a significant portion of the zooplankton grazing after D5, and became the most
important grazer D9 and D11. Over all, the contribution of the microzooplankton grazing was the
largest as the loss processes of phytoplankton as well as cell sinking. Their response to the
phytoplankton growth was very quick, and they remove about 50 % of the primary production
constantly.
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SENSITIVITY OF SUBTIDAL CHONDRUS CRISPUS TO ULTRAVIOLET B
RADIATION AND THE ROLE OF SYNTHESIS OF MICOSPORINE-LIKE AMINO
ACIDS IN PHOTOACCLIMATION

I. Yakovleva

Institute of Marine Biology, Far East Branch of the Russian Academy of science, Vladivostok, Russia. 690041
E-mail: aisa@vid.global-one.ru

The induction and protective role of UV-absorbing compounds known as micosporine-like amino acids
(MAAs) was examined in subtidal Chondrus crispus Stackh. transplanted for 2 weeks in the spring to
shallow water under three irradiance conditions: PAR (photosynthetically active radiation), PAR +
UVA, PAR + UVA + UVB. Subtidal thalli collected around Helgoland, North Sea, Germany from
6m below mean lowest low water contained less than 0.1 mg g' dry weight total MAAs, while
intertidal samples contained over 1 mg g' DW. Transplantation to shallow water led to the immediate
synthesis of three MAAs, in the following order: shinorine (max 334 nm), palythinol (max 332 nm),
and palythine (max 320), with the shinorine peaking and then declining after exposure to 100 mols
photons m-2 (2 days). Maximum total MAA content (2 mg g' DW) occurred after 2 days induction,
exceeding the content normally found in intertidal samples. After 2 days, the total content declined to
the intertidal value. Once induction was complete, and in intertidal thalli, the major MAA was
palythine. Similar data obtained for all treatments, indicating that MAA synthesis in C. crispus is
induced by PAR and nor particularly simulated by UV radiation.

The ability of photosystem II to resist damage by UVB was tested periodically during the acclimation
pericd by exposing samples to a defined UVB dose in the lab. Changes in chlorophyll fluorescence
(Fv/Fm and effective quantum yield, (II) indicated that PSII function was inhibited during the initial
stage of acclimation, gradually improving with time. No difference among screening treatments was
detected except in the spring, for samples acclimating under PAR + UVA + UVB, where Fv/Fm and
(Il were significantly lower than the other treatments. During the first week of each experiment,
growth rates were also significantly reduced by UVB. The reduction occurred despite maximum MAA
content, indicating an incomplete protection of photosynthesis and growth-related processes.

7TAM1998-POCtopicOl poster
DECADAL VARIABILITY OF RAINFALL IN EAST ASIA
Young-Jean Chei, Yong Hee Lee & Jai-Ho Oh

Meteorological Research Institute, KMA, 2 Waryong-dong, Chongno-gu, Seoul, Republic of Korea. 110-360
E-mail: yjchoi@iris.metri.re.kr

Since climate system is highly nonlinear, some characteristics are not easily interpreted with linear
physics. Many studies on global atmospheric and oceanic variables have pointed out a distinguished
low-frequency fluctuation in the climate system.

We investigate on the climatic regime shift of precipitation data of East Asia in the point of view of the
time-frequency domain. The climatic regime shift have been analyzed in the 12 years cycle from mid-
1970s to mid-1980s, which is not shown in time series of precipitation data over Korean Peninsula
except northeast region. Some stations showed the dominant 22 years cycle, but its phase was shifted
along longitude. The trend of 3-5 years cycle in precipitation data on the time-frequency domain below
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35°N was well matched with the cycle of Southern Oscillation Index (SOI). This situation seems to be
occurred as one of regional scale regime shift.

In the mid-1970s, there were decadal climatic regime shift at the 500 hPa geopotential height over
Tibetian and Aleutian area. In pre-1976 Tibetian High had negative anomaly and Aleutian Low had
positive anomaly, which means both were weak. But the anomaly of Northern Pacific High (NPH)
height was oscillated along the mean. In post-1976, Tibetian High has a positive anomaly and Aleutian
Low has a negative anomaly, which means both are strong. So NPH has not oscillated like as in pre-
1996, but nearly positive anomaly. The trends of NPH is associated with ENSO. The track and
initiative region of major Typhoon was significantly changed since mid-1970s as a trace of climate
regime shift.

7AM1998-POCtopic02 poster

PECULIARITIES OF SEASONAL PRECIPITATION DISTRIBUTION OVER THE
JAPAN AND OKHOTSK SEAS AND RESTORING OF PRECIPITATION FIELDS BY
REGRESSION BETWEEN THE ECMWF MODEL OUTPUT DATA AND THE SUMS
OF PRECIPITATION ON COASTAL STATIONS

Nina A. Dashko & Sergey M. Varlamov
Department of Marine Meteorology, Far East State Technical Fisheries University, Lugovaya 52 B, Room #321,
Vladivostok, Primory, Russia. 690600 E-mail: vsm@riam.kyushu-u.ac.jp

The measurement of precipitation over the sea surface is not produced at a regular basis. Nevertheless,
this information is very important for the simulation of ocean dynamics to calculate a common mass
balance on a sea surface and the water mass formation.

The methods of an interpolation and extrapolation of sums of precipitation at coastal and island
meteorological stations are usually used to estimate the precipitation distribution over the sea. That
gives approximate representation about a real picture of precipitation above the sea, especially at
moving away from the coastal zone. It is important to find methods to approximate a distribution of
precipitation over the sea areas.

The monthly and seasonal sums of precipitation over the Japan Sea, Okhotsk Sea and the surrounding
continental areas were calculated with use of the daily prognosises of precipitation with 12-hour lead
time from the ECMWF high resolution model (T213L31, about 62 km horizontal resolution, 1992-1997
years data). The fields of model sums of precipitation satisfactorily agree with observed sums of
precipitation at coastal meteorological stations.

The analysis of distribution of observed at the stations and the model fields of precipitation were
realized by a singular value decomposition method (SVD). It showed a high correlation and similarity
of first main modes in both fields. On this basis we got the regression equations for restoring of
seasonal sums of precipitation over the sea surface from the coastal stations data. Such approach gives
more realistic estimates of precipitation over the seas than immediate use of an interpolation and
extrapolation from the coastal stations.

The restored by regression fields of precipitation with a high degree of reliability reflect the seasonal
singularities of the precipitation distribution including the influence of the orography and regional
atmospheric circulation patterns. As example there are the magnification of precipitation on the
windward slopes of mountain ridges and during the summer blocking of western cyclones, the winter

28




minima over the continental coastal zone and the western part the of Japan Sea and the magnification of
precipitation above the eastern part of the Japan Sea.

7TAM1998-POCtopic03 poster

PECULIARITIES OF YEAR-TO-YEAR VARIABILITY OF AIR TEMPERATURE AND
WATER TEMPERATURE IN THE NORTH-WESTERN JAPAN SEA

Larissa A. Gayko

Far East Siate Marine Reserve, Institute of Marine Biology, Far East Branch Russian Academy of Sciences,
Vladivostok 690041, Russia E-mail: aisa@vld.global-one.ru

Variability of the hydrometeorological regime of coastal waters of the Northwestern Sea of Japan is
analyzed. Specific features of the distribution of mean monthly temperature of air and water over the
period of 54-66 years were found on the basis of a series of observations from four coastal
hydrometeostations (HMS), State Network of Hydrometeoservice in Peter the Great Bay (1930-1996).

Mean month-to-month variability of water temperature is most likely affected by of the Primorye
Current and wind upwelling. Air masses above the investigated region have more uniform temperature.
The interannual fluctuations of temperature of water and air were synchronous at all stations. The
comparison between El Nifio events and years of extremal water and air temperature was made.

Climatic trends were determined. Air temperature exhibited a positive trend at a 5% significance level.
A significantly positive water temperature trend was recorded only at HMS of Vladivostok; whereas at
Possyet and Gamov stations, situated in the southwestern Peter the Great Bay, there was no significant
trend. The only exception was HMS of Nakhodka, located in the southeastern part of the bay, where a
negative trend was found.

For recent year from 1983, there was a positive temperature trend at a 1% significance level at all
stations.

Monthly trends of distribution of time series of water and air temperature were analyzed for the Possyet
HMS. Winters and springs became warmer; summer and autumn temperatures varied in the range of
mean many-year values.

7AM1998-POCtopic04 invited

DECADAL/INTERDECADAL SCALE VARIATIONS FOUND IN THE NORTH
PACIFIC

Kimio Hanawa

Department of Geophysics, Graduate School of Science, Tohoku University, Aoba-ku, Sendai 980-8578, Japan
E-mail: hanawa@pol.geophys.tohoku.ac.jp

Decadal- to interdecadal time scale variations are seen in every oceans and the clarification of
mechanisms which are responsible to these variations is the most important target in the climate
research of the present days (e.g., CLIVAR-DecCen). In my talk, I will try to review the studies on
this time scale phenomena found in the North Pacific, mainly from the view point of observational facts
and will point out the key subjects to be solved in future works.
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It is reported that the regime shift in the Pacific sector occurred in mid 1970s and the next regime shift
took place in the late 1980s. Just after the former regime shift, the surface waters in the boundary
region between the subarctic and subtropical gyres had been cooled. There are several reports
described this cooled water mass was subducted and moved to the south and southwest along the
general circulation pattern inferred by the ventilated thermocline theory. However, whether or not this
water mass reaches the equatorial Pacific is still open question. Although the lack of data, especially
salinity data makes this question so difficult, this is the key point to be solved.

In may talk, [ also like to insist the importance of the data archive and rescue as well as retrospective
analysis and reconstruction of time series using proxy data, in order to make deep and complete
understandings on this time scale phenomena.

TAM1998-POCtopic05 oral

INFLUENCE OF OKHOTSK SEA-ICE EXTENT ANOMALIES UPON THE
ATMOSPHERIC CIRCULATION OVER THE NORTH PACIFIC: IMPLICATIONS TO
THE DECADAL CLIMATE VARIABILITY

Meiji Honda' & Hisashi Nakamura®

' IGCR, Frontier Research System for Global Change, Seavans-N 7F, I1-2-1 Shibaura, Minato-ku, Tokyo,105-

6791 Japan E-mail: meiji@frontier.esto.or jp
> IGCR, Frontier Research System for Global Change / University of Tokyo

Influence of sea-ice extent anomalies within the Sea of Okhotsk on the large-scale atmospheric
circulation is investigated using a general circulation model. In response to heavy Okhotsk ice cover,
an anomalous surface cold high appears over the ice-covered Okhotsk and the Aleutian low develops
over the southern Bering Sea. In a simulation for light Okhotsk ice cover, the cold high over the
Okhotsk weakens and the Aleutian low also weakens and is split into two cells. The opposing
anomalous wind directions simulated over the Okhotsk and Bering Seas are consistent with well-known
observed seesaw-like variability in sea-ice cover between the two seas. Significant response appears
not only around the Sea of Okhotsk but also downstream towards North America in the form of a
stationary wavetrain in the troposphere. This atmospheric remote response is regarded as a stationary
Rossby wave generated thermally through the anomalous surface heat flux distribution, because wave
activity flux emanates from the lowest layer over the Okhotsk upward and then to the downstream. The
wavetrain appears to be reinforced thermally around Alaska by the anomalous heat fluxes through wind
anomalies induced by the wavetrain itself. This study suggests that the atmospheric circulation and sea-
ice distribution over the North Pacific may be significantly influenced by anomalous sea-ice cover over
the Okhotsk Sea in association, for example, with decadal-scale changes observed in the late 1980's.

30



7AM 1998-POCtopic06 oral
DECADAL VARIABILITY OF THE ARCTIC OCEAN AND THE GULF OF ALASKA
Mark Johnson & Andrey Proshutinsky

Institute of Marine Science, University of Alaska Fairbanks, Fairbanks, AK 99775-7220, U.S.A.
E-mail: johnson@ims.alaska.edu

An analysis of ocean, ice, and atmospheric variables from the northern high latitudes demonstrates
temporal variations at the decadal scale over the Arctic Ocean, the northern Gulf of Alaska, and the
Bering Sea. This decadal variation couples the ocean, ice, and atmospheric signals into a single arctic
oscillation of the mid- and high-latitude climate system. The present analysis builds on results from a
wind-forced barotropic, coupled ice-ocean model forced from 1946 through 1997. The model Arctic
Ocean surface oscillates at a ten to fifteen year period, and atmospheric pressure gradients between the
north pole and the Aleutian Low are correlated with the arctic ocean oscillation. Our results show that
this decadal variability extends over broad regions from the Arctic Ocean to the northern Gulf of
Alaska and the Bering Sea. The Arctic Ocean oscillation and its corresponding signals in the North
Pacific are a fundamental mode of northern hemisphere climate variation linking variability of the
Arctic Ocean to observed river discharge from the Mackenzie and Kenai Rivers, salinity anomalies in
the Guif of Alaska, ice cover in the Bering Sea from 1979, and Alaska permafrost temperatures.

7AM1998-POCtopic07 oral
SYNOPTIC WIND FLOW PATTERNS OFF THE WEST COAST OF NORTH
AMERICA IN RELATION TO RECENT CHANGES IN PACIFIC SALMON CATCHES

J. King, R.J. Beamish, G.A. McFarlane, D. Noakes & R. Sweeting
Department of Fisheries & Oceanography Canada, Pacific Biological Station, 3190 Hammond Bay Road,
Nanaimo, BC, Canada. V9R 5K6

Linkages between winds and ocean circulation are well known. For example, the Bakun Index
estimates upwelling from wind direction and intensity. These upwelling estimates have been linked to
ocean productivity, where strong upwelling events are usually linked to increased productivity. While
large-scale wind forcing on ocean circulation is well known, the persistent trends in the patterns of
these large-scale winds are less known. When wind patterns are classified into standard types, there are
distinct decadal-scale trends that change after periods of about 5 to 20 years. These large-scale wind
patterns can be documented for the north Pacific back to 1900. Trends in southwesterly flow along the
coast of North America match the general trends in flow of large rivers such as the Fraser River.
Changes in wind patterns also tend to occur at the same time as changes observed for Pacific salmon
populations. In the 1990s, from 1989 to 1995 the annual number of days of westerly flow was above
the historic average. Beginning in 1995, the trend has been to increasing northwesterly flow, a pattern
typical of the 1960s and early 1970s.
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7AM1998-POCtopic08 oral

CHANGES IN ABUNDANCE OF SALMON STOCKS IN THE CONTEXT OF
CLIMATIC VARIATIONS IN THE NORTH PACIFIC REGION

Andrei S. Krovnin & N.V. Klovach
Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), 17, Verkhnyaya Krasnoselskaya,
Moscow, Russia. 107140 E-mail: akrovnin@mx.iki.rssi.ru

Spatial and temporal features of climatic variations in the North Pacific region over the last 40 years are
analyzed, based on data available from Russian Hydrometeorological Center (sea surface temperature,
surface air temperature and pressure, H500) and U.S. National Oceanographic Data Center (World
Ocean Atlas 1998). Several large-scale subdomains with the coherent sea temperature anomaly
fluctuations both on the surface and in the subsurface levels were defined, using a hierarchical
clustering method of Ward (1963). The spatial structure of SST anomaly variations in the North Pacific
area are characterized by two independent patterns: changes in the SST anomalies in the northwestern
and southwestern North Pacific, and those in the eastern and central North Pacific, are out-of-phase.
These two patterns are significantly correlated with the well-known atmospheric teleconnection patterns
(Western Pacific and Pacific/North American ones, respectively). The combined analysis of all data
sets allowed identifying several climatic regimes in the region. During the last 20 years shift from one
regime to another occurred in 1976/77, in the end of the 1980s, and possibly in mid-1990s. The above
regimes are the most prominent in the eastern and central North Pacific. In the Okhotsk and Bering
Seas since 1993 there is a clear tendency toward the surface warming, and 1997 was the warmest year.
At the same time, SST in the Northwest Pacific started to decrease. Changes in atmospheric
characteristics, sea temperature, and geostrophic circulation occurred during the shift in the regimes as
well as interannual variations in the rates of spring-summer warming of the surface layer in both, the
Okhotsk and Bering seas are described. The correspondence between periods of high and low
abundance of several Asian and American pink and sockeye salmons and observed climatic changes in
the North Pacific are further analyzed. Mechanism(s) for possible climate impact on salmon stocks
under consideration will be proposed.

7AM1998-POCtopic09 poster
THE RESPONSE OF THE NORTH PACIFIC CIRCULATION MODEL TO VARYING
SURFACE BOUNDARY CONDITIONS

Victor 1. Kuzin, Valery M. Moiseev, Andrey V. Martynov
Institute of Computational Mathematics and Mathematical Geophysics (former Computing Center) Siberian
Division RAS, Lavrentieva, 6, Novosibirsk-90, Russia. 630090 E-mail: kuzin@sscc.ru

The 3-D finite element North Pacific Circulation Model developed in the Novosibirsk Computing
Center (ICMMGQG) is used to study the response of the North Pacific circulation to the varying boundary
conditions at the sea surface. On the first stage the diagnostic and short-range prognostic numerical
experiments were carried out for studying of the climatic circulation for different seasons. The results
show the remarkable seasonal variations of the circulation, mass transport and meridional heat fluxes.
The next step is concerned to the spin-up prognostic experiments for studying of the sensitivity of the
North Pacific hydrophysical characteristics to quazi-real variation of the SST and wind-stress
distribution at the sea surface. For this purpose the different sources has been used. Monthly mean
distribution of the satellite-derived SST was taken from NASA Jet Propulsion Laboratory Physical
Oceanography Distributed Archive, 1992. Wind -stress was adopted from the European Centre

32




Medium-Range Forecast Re-analysis Sample Data and Seasonal Ensemble Simulation, 1987. The
results of spin-up experiment for several-year period with the climatic initial state and varying boundary
conditions at the sea surface were analyzed. The anomalies of the circulation, temperature
distributions, mass transport and meridional heat fluxes are discussed in comparison with the climatic
state at the diagnostic calculations. The work was supported by RFFR grant 96-05-65953.

7TAM1998-POCropicl0 poster

THE EFFECT OF THE DEVELOPMENT OF ANOXIC WATER ON BENTHIC FLUX
AS MONITORED FROM AN INCUBATION EXPERIMENT

Kang-Hyun Lee '

Depariment of Oceanography, Inha University, Yong-hyun dong, Incheon, Republic of Korea. 402-751

E-mail: gl1981426@inhavision.inha.ac.kr

Anoxic water has been developed by eutrophication in the Korean coasts of the Yellow Sea. Benthic
fluxes of nutrients and metals were monitored during an experiment in which transition from oxic to
anoxic seawater was simulated through a benthic chamber incubation. The chamber consisted of 20
cm-thick sediments underlain by 20 cm-thick oxic seawater column. The incubation, initiated with the
complete enclosure of the chamber lid, generated an anoxic condition of the water in a gradual manner.
The anoxic condition was maintained until 250 hr when the lid was removed to resume an oxic
condition in the chamber water.

Ammonia in the water column increased at the initial 0-1 hr, then kept somewhat constant to 24 hr, and
rapidly increased until 250 hr after which it began to decrease. This temporal variation in the ammonia
flux appears to be tied up with both the degree of oxidation of the chamber water and the concentration
gradient across the sediment-water interface.

Phosphate in the water column did not show any significant variation for most of the transition period
from the oxic to anoxic conditions (0-250 hr). However, it showed a rapid increase at the resumption
period after 250 hr. Adsorption of phosphate unto iron-oxide phase appears to be the most important
mechanism to control the benthic Phosphate flux.

7AM1998-POCtopicl 1 oral

LONG-PERIODICAL CLIMATIC WAVES IN THE WESTERN BERING SEA AND
THEIR EFFECT ON BIOLOGICAL PRODUCTIVITY

V.A. Luchin', A.V. Saveliyev', V.I. Radchenko®

' Far-Eastern Regional Hydrometeorological Research Institute (FERHRI), 24 Fontannaya Street, Viadivostok,

Russia. 690600 E-mail: hydromet@online.ru
2 Pacific Research Institute of Fisheries & Oceanography (TINRO-Centre), 4 Shevchenko Alley, Viadivostok,
Russia. 690600 E-mail: root@tinro.marine.su

The coincidence of phases of commercial fish catches fluctuations and global physical factors’ dynamics
was previously considered. Thus, a conception was formed on determinative effect of large- scale
atmospheric and oceanological processes on biota. Average annual and monthly values of sea level
(SL), water (SST) and air (AT) temperature were analyzed from data collected at the 12
hydrometeorological stations in 1944-1994. Duration of periods with negative SST and AT values,
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with SST below -1°C, with ice covering have been calculated. Spectral analysis of data series allows to
find variations with periodicity of 2-3 and 6 years, and also two shifts of long-term dynamics
tendencies. Maximal duration of cold periods occurred in late 1960s - early 1970s. The warm period
continued up to late 1980s - early 1990. Selected long-term variations are the Bering Sea response on
meteorological factors' influence and coincide to climatic waves in atmosphere. The SL data showed
that the inclination angle grew across the Kamchatka Strait in 1970-1987. It suggests the water outflow
increase through the Strait. The high volume was fixed in 1989 - about 7 Sv (from another sources,
mean value varied from 6 to 12 Sv). Then, the water flow weakened and in 1995 outflow intensity was
estimated about 3,5 Sv in layer of 0-1500 m, in 1996 - 2,4 Sv only.

Analysis of residuals of annual catch values with regard to trend line was conducted for extraction of
component respective to effect of the environment conditions from the general long-term dynamic of the
Russian Fisheries catch. Negative residuals occurred in relatively cold period in the western Bering
Sea. Since first half of 1970s the catch value begins to grow by surpassing rates in relation to the trend
line and reaches high value in 1980s.

Thus, in late 1980s - early 1990s a typical shift occurred in tendencies of global climatic and biological
processes. It is characterized by consecutive changes of atmospheric circulation pattern, then, of water
structure and parameters, and - of catches and indexes of abundance of fish species.

7AM1998-POCtopici2 oral

BIDECADAL AND PENTADECADAL CLIMATIC OSCILLATIONS OVER THE
NORTH PACIFIC

Shoshiro Mincbe

Division of Earth & Planetary Sciences, Graduate School of Science, Hokkaido University, N-10, W-8, Sapporo,
060-0810 Japan E-mail: minobe@neptune.sci.hokudai.ac.jp

Climatic variations on bidecadal (about 20 years) and pentadecadal (50-70 years) timescales are
analyzed in terms of their seasonal and regional dependencies in the North Pacific and North American
sector. The both bidecadal and pentadecadal variations are evident in SLP fields associated with the
strength changes of the Aleutian low. The bidecadal variability is evident only in winter both in the
SLP and air-temperature fields, whereas the pentadecadal signal exists from winter to spring seasons in
the SLP field and only in spring in the air-temperature field. The SLP structure of the pentadecadal
variability is approximately unchanged through the present century. The bidecadal variability exhibits
frequency decrease (period increase) from 1930 to 1950, and simultaneously the center of the
variability migrated southward. The century scale modulation of the bidecadal signal is also supported
by the fact that an out-of-phase relationship between the Aleutian low strength and air-temperature
holds throughout the present century for the Alaska but only after the 1930s for the West Coast of
midlatitude North America.
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RECONSTRUCTION OF SEA SURFACE WIND FIELDS IN THE NORTHERN
HEMISPHERE FOR THE PERIOD FROM 1899 TO 1997

Kengo Miyamoto & Kimio Hanawa

Physical Oceanography Laboratory, Department of Geophysics, Graduate Schogl of Science, Tohoku University,
Sendai, 980-8578 Japan E-mail: miyamoto@pol.geophys.tohoku.ac.jp

10 m height wind fields in the north of 20°N of the Northern Hemisphere are reconstructed based on
historical sea level pressure (SLP) fields for the period from January 1899 to December 1997 adopting
purely empirical method. The historical sea level pressure fields have been prepared by applying
smooth bicubic spherical spline approximation to Trenberth's monthly mean Northern Hemisphere
SLP, Japan Meteorological Agency MA)'s Northern Hemisphere SLP and JMA's global SLP. In all
data sets, SLP data are filled at 5- degree grids.

The following reconstruction method is adopted. First, by comparing geostrophic wind vectors and
real 10 m height wind vectors, the reduction factor and correction angle at each grid are determined. In
this step, ECMWF 10 m wind fields and ECMWF mean sea level pressure fields for the 10-year period
from 1988 to 1997 are used. It is found that although in the past studies, these factors have been
considered to be constant over the whole basin or longitudinally, in this study, temporal and spatial
variations of these factors are not negligible. Next, using determined reduction factor and correction
angle, sea surface wind fields for the whole period are reconstructed. Long-term variability of sea
surface wind fields detected from the data will be discussed.

7AM 1998-POC_lopic 14 oral

A TEMPERATURE MINIMUM IN THE GULF OF ALASKA

David L Musgrave

School of Fisheries & Ocean Sciences, University of Alaska Fairbanks, O'Neill Bldg., Fairbanks, AK 99775,
U.S.A. E-mail: musgrave@ims.uaf.edu

Temperature versus sigma-theta curves in the subarctic North Pacific show a temperature minimum at
the base of the pycnocline centered at sigma-theta = 26.85 corresponding to a depth of 200 m. The
temperature minimum occurs at a density slightly denser than that of the salinity minimum associated
with the North Pacific Intermediate Water (sigma-theta = 26.7). The temperature anomaly associated
with the temperature minimum, ranges from sigma-theta = 26.7 to 27.0 (depth = 150 to 300 m). The
lateral distribution of this water type is limited to parts of the Gulf of Alaska. The origin of this
temperature minimum has been previously ascribed to vertical overturn to the base of the pycnocline.
An alternate hypothesis of differential advection is presented.
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OBSERVED ASSOCIATION BETWEEN SST AND ATMOSPHERIC ANOMALIES IN
THE NORTH PACIFIC DECADAL CLIMATE VARIABILITY

Hisashi Nakamura & Toshio Yamagata

IGCR, Frontier Research System for Global Change, Seavans-N 7F, I1-2-1 Shibaura, Minato-ku, Tokyo, 105-6791

Japan, also Department of Earth & Planetary Physics, University of Tokyo, Japan
E-mail: hisashi@geoph.s.u-tokyo.ac.jp

Decadal/interdecadal climate events (DICEs) observed in the North Pacific over the last few decades
are documented. Except in the tropics, the observed decadal sea surface temperature (SST) variability
in the basin is concentrated in the subarctic and subtropical frontal zones (SAFZ and STFZ,
respectively). The decadal SST anomalies in SAFZ are associated with the anomalous Aleutian Low
and accompanied by the Pacific/North American (PNA) pattern aloft, whereas those in STFZ are
associated with the anomalous subtropical high. The decadal SST fluctuations in STFZ exhibit strong
negative simultaneous correlation with the tropical fluctuations but those in SAFZ do not. Neither
cooling within SAFZ in the mid-1970’s that occurred in advance of tropical warming nor SAFZ
warming in the late 1980’s can be attributed to the direct tropical influence via “atmospheric bridge”.
In fact, wave activity flux associated with the PNA anomalies is strongly divergent over SAFZ,
indicating the PNA is forced there. The associated wind and air temperature anomalies are such that
they act to reinforce the SST anomalies by changing heat fluxes, mechanical mixing, Ekman
temperature advection and wind stress curl. It is suggested that observed DICEs in the subpolar gyre
and atmospheric circulation above could be associated with internally-generated variability in that
coupled atmosphere-ocean system, although the associated wind anomalies influence the subtropical
gyre. Lag correlation analysis reveals that significant SST anomalies tend to appear off Japanese east
coast and Kuril Islands 2 ~ 3 years before the maturity of SST nomalies in SAFZ.

7AM1998-POCtopicl6 oral

INTERANNUAL CHANGE IN RESIDENCE TIME OF THE SEA ICE IN THE
EASTERN BERING SEA

Kiyotaka Ohtani

Physical Oceanography Laboratory, Faculty Fisheries, Hokkaido University, 3-1-1 Minato-cho, Hakodate,
Hokkaido, 041-8611 Japan E-mail: ohtani@salmon.fish.hokudai.ac jp

Annual residence time of the sea ice in the eastern Bering Sea was summarized from the Weekly Ice
Charts from February to April in 1972-1998. There are an eventual change in residence time index
from 1976 to 1979 and two peaks (1974, 1976) and three bottoms (1979, 1987, 1996) during the
research period. These large fluctuations are following to ENSO events. Since 1976-1979 decline in
RTI (regime shift ?), warm conditions (low RTI) continued until 1990. Then relatively high RTI
(exceed standard deviation) for the research area and the 58-59°N area occurred in 1991 and 1995.

In cool years, drift ice field reaches and encloses St. Paul Is., but in warm years the ice edge stays
more than 100 km away from the island. This large variability may affect on ecosystem dynamics in
the eastern Bering Sea.
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INTERANNUAL VARIATIONS IN NORTH PACIFIC INTERMEDIATE WATER IN
THE N. PACIFIC SUBTROPICAL GYRE

Stephen C. Riser

School of Oceanography, University of Washington, Seattle, WA 98195, U.S.A.

E-mail: riser@ocean.washington.edu '

A simple kinematic model of the mid-depth N. Pacific circulation has been constructed using historical
hydrographic data and data from WOCE RAFOS floats in the western N. Pacific. Using this kinematic
model, the trajectories of a large number of individual parcels of North Pacific Intermediate Water
(NPIW) are traced from the NPIW formation region north of Japan into the subtropical gyre. An
examination of the isopycnal and diapycnal mixing terms along these paths allows mixing mechanisms
of NPIW to be studied in detail. The trajectories and the properties of NPIW in the central N. Pacific
subtropical gyre are compared to the annual and interannual variability of NPIW properties at the
HOTS site near Hawaii, and it is shown that the observed interannual variability is generally consistent
with the many varieties of mixing observed over a large number of NPIW parcels in the model.

TAM1998-POCtopic18 oral

NEW REGIME SHIFT IN THE NORTH PACIFIC: BACK TO THE STRONG
SUBPOLAR GYRE

Konstantin A. Rogachev

Pacific Oceanological Institute, 43 Baltiyskaya Street, Vladivostok, Russia. 690041
E-mail: rogachev%dan39@poi.marine.su

As part of the International North Pacific Ocean Climate Study (INPOC) an intensive array of CTD
stations was taken to monitor the western subarctic currents. The interannual dynamics of the Oyashio
current system has been investigated using these detailed long-term eddy-resolving hydrographic
observations. Prominent changes in the structure of Oyashio and its fresh-core eddies occured during
this period. Volume transport ratio of Coastal to Offshore Oyashio changed by a factor of 10 during
1990-96. One of the main result from this project was the discovery of the regime shift, occurred in
the North Pacific. Here the processes associated with this thermohaline transition are described.
Initially, stratification in the region was destroyed in 1990 by the low transport of the Coastal Oyashio
and Kamchatka currents, and by the increased influx of the Soya warm and salt water to the Sea of
Okhotsk and Oyashio area. The transition to another mode with strong subpolar gyre occurred during
1991-1996. Thermohaline features of the major currents and large Oyashio anticyclonic eddies were
choosen as indexes of this transition. Within successive mesoscale eddies off Boussole Strait their
fresh-core (100-400 m) became progressively cooler y 2.5-deg. C) and fresher. Variability of this scale
is among the largest observed anywhere in the global ocean. The main consequences of the regime
shift are the intensification of the subpolar gyre and restratification of its water.
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7AM1998-POClopicl9 poster
WHY IS NO DEEP WATER FORMED IN THE NORTH PACIFIC: EVIDENCE FROM
A REGIME SHIFT PHENOMENA

Konstantin A. Rogachey
Pacific Oceanological Institute, 43 Baltiyskaya Street, Vladivostok, Russia. 690041
E-mail: rogachev%dan39@poi.marine.su

According to climatological data low salinity of near-surface water in the northern North Pacific is due
to the small regional evaporation rate. The low evaporation rate is due in turn to the relatively low
surface temperature (which decreases the specific humidity of the air-sea interface). Warren (1983)
explains low surface temperature "mainly by the relatively large proportion of cold upwelling water in
the inflow to the surface layer”. Here an alternative cooling scheme is presented in which the water of
the northward flowing Subarctic Current becomes cooler and fresher in the Bering and Okhotsk seas.
These marginal seas cool the bottom of the halocline, that reduces evaporation and acts as a feedback to
keep the North Pacific fresh. The cooling is greater when the subpolar gyre is stronger. The cooling
and freshening of the North Pacific surface layer is shown through the observation of the regime shift
phenomena which occurred in the western subarctic during 1990-1996. Its main consequences are the
intensification of the subpolar gyre and restratification of its water.

7AM1998-POCtopic20 poster .

WAVELET ANALYSIS OF CLIMATIC VARIABILITY IN OCEANOGRAPHIC DATA
SETS IN THE JAPAN (EAST) SEA

A.N. Salyuk & V.1. Ponomarev

Pacific Oceanological Institute, FEB RAS, 43 Baltiyskaya Street, Vadivostok, Russia. 690041
E-mail: san%dan93@poi.marine.su

Recently Wavelet transform (WT) was successfully applied to climate time series analyses, such as El-
Nifio/ Southern Oscillation (ENSO) index, North Hemisphere Surface Temperature and solar activity
recorded by sunspot groups. In this work WT was used to reveal and investigate the climatic signals of
interannual and decadal scale recorded in observed Japan Sea oceanographic data, to specify its
connection with known features of variability of main climate time series. The basis for this study was
formed by all available for us historical Japan Sea temperature, salinity, dissolved oxygen, nitrate,
silicate, phosphate data, which were robustly processed first on vertical profiles and then on certain
levels and in certain time intervals. :

Preliminary results agree with trends in dissolved oxygen, potential temperature, phosphate and silicate
concentrations in the different layers, time intervals and regions of the Japan Sea. In frequency domain
WT shows the presence and relationship of ENSO-scale and quasi-biennial oscillations (QBO). The
results of the WT analysis for bidecadal variations and longer cycles may have less reliability and have
to be validated by means of a proper statistical significance test and physical considerations.

The climate regime shifts in the Japan Sea are stimulated by significant change of deep convection and
ventilation processes intensity, caused first of all by winter monsoon, cooling on a surface and receipt
of warm waters Kuroshio variations.
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ON THE TELECONNECTION PROCESSES AROUND THE NORTH PACIFIC WITH
REFERENCE TO THE DECADAL VARIATIONS IN ATMOSPHERE AND OCEAN

Yoshihiko Sekine
Faculty of Bioresource, Mie University, 1515 Kamihama, Tsu, Mie 514 Japan E-mail: sekine@bio.mie-u.ac.jp

Teleconnection processes around the North Pacific are studied with reference to the decadal variations
in atmosphere and ocean. Decadal variations in Oyashio and ENSO phenomena divided by 1976 are
prominent; anomalous southward intrusion of the Oyashio east of Japan occurred relatively frequent
after 1975 and ENSO index has a tendency to show negative (positive) value after (before) 1975, which
indicates relatively frequent occurrence of the tendency of El Nifio after 1975. It is demonstrated from
data analyses and numerical model that the anomalous southward intrusion of the Oyashio is caused by
the wind stress formed by southward shift of the enhanced Aleutian Low, which is a part of
Pacific/North American (PNA) Pattern formed by warm SST in central equatorial Pacific. It is also
pointed out that the snow cover extent over the Eurasian Continent is small in winters with the
anomalous southward Oyashio intrusion. The small snow cover extent over the Eurasian Continent
induces the strong summer monsoon, which induces anti-El Nifio. Because the southward shift of the
enhanced Aleutian Low is formed by warm SST temperature in mature stage of El Nifio, the occurrence
of anti- El Nifio implies the opposite tendency of the ENSO phenomena. A possible change process of
the ENSO through the North Pacific is suggested.

TAM1998-POCtopic22 oral
THE ARCTIC OSCILLATION
David W.J. Thompson & J. M. Wallace

Department of Atmospheric Sciences, University of Washington, JISAO 4909 25" Avenue NE, Seattle, WA 98195,
U.S.A. E-mail: davet@atmos.washington.edu

The leading empirical orthogonal function of the wintertime sea-level pressure field describes a
meridional seesaw in atmospheric mass between the Arctic basin and parts of the surrounding zonal
ring. Although it resembles the North Atlantic Oscillation (NAO) in some respects, its primary center
of action covers more of the Arctic, and it has opposing centers of action over both the North Pacific
and the North Atlantic basins. Coupled to strong fluctuations at the 50-hPa level on the intraseasonal,
interannual, and interdecadal time scales, this "Arctic Oscillation” (AO) can be interpreted as the
surface signature of modulations in the strength of the polar vortex aloft. Zonally asymmetric surface
air temperature and mid-tropospheric circulation anomalies observed in association with the AO may be
secondary baroclinic features induced by the land-sea contrasts. The same modal structure described by
the AO strongly resembles recent winter and springtime trends in the geopotential height and
temperature fields throughout the depth of the troposphere and the lower stratosphere. These trends can
be interpreted as the development of a systematic bias in one of the atmosphere's dominant, naturally
occurring modes of variability.
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STABLE LOCAL WIND PATTERNS OVER THE SEA OF JAPAN AND OKHOTSK
SEA, DERIVED FROM THE HIGH RESOLUTION ECMWF OPERATIONAL
ANALYSIS AND FORECASTING SYSTEM

Sergey M. Varlamov & Nina A. Dashko

Research Institute for Applied Mechanics, Kyushu Universtiy, Kasuga-loen, 6-1 Kasuga, Fukuoka, 816-85 Japan
E-mail: vsm@riam.kyushu-u.ac. jp

'The stable local seasonal patterns in wind distribution over the Sea of Japan and the Okhotsk Sea were
analyzed using the sea surface (10 m) winds provided by the high resolution ECMWF operational
analysis and forecasting system (T213L31 model; about 62 km horizontal resolution; 00,06,12 and 18
UTC analysis; October 1991- March 1998 data).

To estimate the singularities of a wind fields the vorticity and divergence of wind vector were
calculated. The stability of divergence and vorticity patterns were estimated as relation of main value to
the standard deviation in the same point.

The areas of wind vector convergence and divergence are placed along the coasts by wide belts, which
are more expressed in winter season.

Despite of the common regional monsoon air circulation structure for the both Seas the distribution of
the surface wind divergence and the surface wind vorticity have a sharply different character for the Sea
of Japan and the Okhotsk Sea. It is stipulated as by local circulating, and substantially, by the
orographic reasons.

In winter, along the northern coast of the Okhotsk Sea the active convergence zone is created. For the
Japan Sea it is possible to note the extensive steady zone of a divergence from the coast of Russia to the
central part of Japan with a maxima of intensity near the south coast of the Primorye Territory of
Russia. The remaining part of the Japan Sea is characterized by the convergence of surface winds.

The surface wind vorticity is characterized by a number of alternated local areas of a different sign.
The pairs of a different sign vorticity zones are stipulated by the presence of a series of local intensive
and steady air streams between more weak winds. The areas to the south of Vladivostok and near the
north of the Korean peninsula concern to such areas in the Sea of Japan, in the Okhotsk Sea - the Gulf
of Shelikhova and the area along the northwest coast. In the summer the sign of marked above dipole
patterns of the surface wind vorticity mainly changes on opposite with the simultaneous decreasing of
their absolute value.
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SEASONAL AND INTERANNUAL VARIABILITY OF SEA-ICE COVER IN THE
ARCTIC AND SUBPOLAR REGIONS, 1900-1997: SIGNATURES OF AO, NAO AND
ENSO?

Jia Wang' & Moto Ikeda?

' International Arctic Research Center-Frontier Research System for Global Change, University of Alaska
Fairbanks, AK 99775, U.S.A. E-mail: jwang@chukchi.iarc.uaf.edu

*  Graduate School of Environmental Earth Science, Hokkaido University, Sapporo, Japan

The natre of the sea-ice cover in the Arctic and subpolar regions associated with AO (Arctic
Oscillation), NAO (North Atlantic Oscillation) and ENSO (El Niiio/Southern Oscillation) episodes is
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investigated using historical data from 1900 to 1997. A principal component analysis (or empirical
orthogonal functions, EOFs) was applied to SLP, SAT, and sea-ice areas for the period of 1900-1997.
The results indicate that the first EOF mode is associated with AO, while the second significant mode
with NAO and the third mode is related to BH (Bearfort High), and the fourth mode with ENSO. Each
EOF mode from the three variables has consistently physical explanations, with some discrepancy. The
overwhelming mode is AO whose spatial and temporal patterns are consistent with the total Arctic ice
anomalies.

It is worth mentioning that if the sea-ice data updated using the NASA SMMR and SSMI source is used
for the EOF analysis, significant difference from the other data sources is observed, which will be
further examined.
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MOVEMENT OF JAPAN SEA PROPER WATER
Haruya Yamada
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E-mail: haruya@yjsnf.affrc.go.jp

The uniformly cold water named as 'Japan Sea Proper Water' occupies more than 80% of the Japan Sea
water mass. This study deals with the movement of Japan Sea Proper Water based on the data obtained
by the direct current measurements from October 1995 to July 1998. The measurements were made to
investigate the deep water movement in the Yamato Basin by the mooring systems with self-recording
current meters.

The following results are obtained:

1. In the northwestern part of the Yamato Basin, there was a stable southwest current, but a northeast
current in the southeast part. This indicates that there is a counterclockwise circulation system in the
Yamato Basin.

2. The Japan Sea Proper Water has a clear current with an internal period, not with tidal period.
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VARIABILITY OF THE EURASIAN PATTERN AND ITS INTERPRETATION BY
WAVE ACTIVITY FLUX

Koji Yamazaki & Yasuaki Ohhashi

Graduate School of Environmental Earth Science, Hokkaido University, Sapporo 060-0810, Japan
E-mail: yamazaki@ees.hokudai.ac.jp

The polar vortex has intensified since 1988/89 winter both in the troposphere and stratosphere. The
Eurasian (EU) pattern, which is one of the five teleconnection patterns found by Wallace and Gutzler
(1981), has also changed its sign from positive to negative since then. The EU pattern extends from the
North Europe to the East Asia through the Eurasian Continent and its wave-length corresponds to
wavenumber 3. The variation of the polar vortex and that of the EU pattern is closely related.

The EOF analysis is performed for the wave activity flux at 500hPa to extract the dominant variation
modes over Eurasia and investigate the wave-mean flow interaction. Two dominant modes associated
with the EU pattern is detected. The first mode is closely linked with the height anomaly field over the
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polar region and contributes to the shift in 1988/89 winter. This mode is linked with the variability of
the North Atlantic sea surface temperature (SST). Over the tropical Pacific region, however, it is not
linked to the SST there.

The appearance of the mode is interpreted by the meridional wave propagation of Rossby wave. It is
found that the wave number 3 wave is sensitive to the change in the meridional profile of zonal wind.
When the polar vortex is strong, the wave propagates equatorward, while it propagates more zonally
when the polar vortex is weak.

7TAM 1998-POCropic27 oral
TWO DISTINCT INTERDECADAL MODES OF THE PACIFIC IN A COUPLED GCM

Seiji Yukimoto, Masahiro Endoh, Yoshiteru Kitamura, Akio Kitoh, Tatsuo Motoi & Akira Noda
Climate Research Department, Meteorological Research Institute, Nagamine 1-1, Tsukuba, Ibaraki, 305-0052
Japan E-mail: yukimoto@mri-jma.go.jp

Two distinct interdecadal modes of the coupled atmosphere-upper ocean temperature variability are
found in the Pacific Ocean in a 150-year-run of a coupled atmosphere-ocean general circulation model
(GCM). The modes have spatio-temporal structures coherent to the observed SST variability. The first
mode which accompanies an ENSO-like spatial pattern for the SST and the surface wind behaves like a
delayed oscillator in ENSO. Westward propagating trans-Pacific signal in the upper thermocline
temperature in the extratropics appears to determine the delay time for the first mode. The second
mode is characterized by a midlatitude-subtropical dipole pattern of the upper ocean temperature, which
rotates clockwise around the North Pacific subtropical gyre. The temperature anomaly at the sea
surface, which is reinforced by the atmospheric forcing around the Kuroshio Extension region, is
subducted into subtropical subsurface layer along isopycnal surface, and is reinforced again in the
southern branch of the North Pacific subtropical gyre in response to the associated wind forcing.
Apparent negative feedback processes between atmosphere and ocean cannot be found in the second
mode. It is suggested that the second mode is excited by the internal variability of the atmosphere
which has no characteristic interdecadal timescale. It is proposed that the timescale of the second mode
is selected by the ocean which has the interdecadal timescale associated with the clockwise rotation of
the temperature anomaly around the North Pacific subtropical gyre.
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DECADAL VARIABILITY OF AEROSOL CHARACTERICS AND DEPOSITION OF
CRUSTAL SUBSTANCES AND POLLUTANTS IN OCEAN AREAS NEAR CHINA
Ming-Yu Zhou' & Yi Liu?
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In this paper the possible influence factors on contents of crustal and pollution elements in aerosols in
ocean areas near China were discussed. Based on the statistical method the relation between the
concentration of different elements in aerosols and the meteorological parameters was calculated and
the formulae computing the concentration of different elements in marine aerosols in the East China Sea
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were obtained applying meteorological data. Based on these data the interannual variabilities of crustal
substances and pollutants in the East China Sea were calculated for the period from 1971 to 1995. The
calculated results showed that there was a decreasing tendency of concentrations of these elements, but
this decreasing tendency slowed down entering the nineties. In addition, the dry and wet depositions of
crustal substants and pollutants in different ocean areas near China were discussed and the interannual
variabilities of the depositions was calculated.
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TRANSFORMATION OF THE BRINE BOTTOM WATER IN THE GULF OF
ANADYR IN SUMMER-FALL 1995
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Modification and movement of the dense bottom lens in the Gulf of Anadyr based on the data of four
CTD surveys conducted in July-August 1995 is analyzed. This high salinity water formed in the Kresta
Bay in winter due to brine rejection in polynyas and outflowed to the Gulf of Anadyr by a little portions
even in summer during favorable wind conditions. Lens spread along izobath with speed 1-2 sm/c east
southeast in the Gulf of Anadyr accelerating during dense water injection from the Kresta Bay. Weak
mixing with surrounding water occurred due to strong stratification on the lens boundaries with rate
0.01-0.02 Sv. It is concluded based on the estimates of the lens speed that dense water from the Kresta
Bay may reaches to the Bering Strait within 90-100 days after brine rejection and plays an important
role in the formation of the cold halocline in the Chukchi Sea.
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CONSIDERATIONS ON THE EDDIES ASSOCIATED WITH SUBARCTIC FRONT OF
THE NORTHWEST PACIFIC OCEAN

Ludmilla K. Kramareva

Pacific Oceanological Institute, FEBRAS, 43 Baltiskaya Street, Viadivostok, Russia. 690041
E-mail: rostov%dan86@poi.marine.su

In the present paper the author intends to review such synoptic eddies associated subarctic front of
northwest Pacific Ocean and were found and investigated by the joint expedition carried out by the
research vessel "Prof. Bogorov". The hydrological properties of the eddy differ greatly from those
42°-53°N, 159°-163°E of northwest zones of the Pacific Ocean.

In the former type there exists no significant accompanying eddy and in the latter case a large cyclonic
cold eddy is always observed in its shore side.

In addition to this cold eddy, two other sorts of oceanic eddies are noteworthy to review. They are
associated with the large meandered Kuril-Kamchatka flow east of 160°E. On is a cold eddy observed
south of the Kuril-Kamchatka flow and it contains low salinity water, roshic. Unfortunately, the
oceanographic surveys in this area are not so active to reveal the characteristics of the eddy such as life
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time, scale and frequency of formation. Distinguishing feature of an icyclonic ring are common, when
the wind is 4-9 m/s and seem to be associated with a modulation of the surface capillary-gravity waves
by the current shear. Some small-scale features of circulation were also detected due to the surface
films just after period of ice melting, which correlated with biological activity. Spatially organized
vortex structures of 6-11km in diameter with sprong current shear were found at peripheral parts of the
rings. However, the main areas of tidal energy dissipation seem to be stable and tightly related to the
bottom topography. Spatial structure od flow and new fine details of the surface water circulation are
discussed.
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NONSTANDART EDDY OF THE NORTHWEST ZONES OF THE PACIFIC OCEAN
Ludmilla K. Kramareva
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A new cyclonic eddy was found and investigated by the joint expedition carried out by the research
vessel "Dm.Mendeleev". The hydrological properties of the eddy differ greatly from those 30°-45°N,
145°-170°E of northwest zones of the Pacific Ocean.

Analysis of the 10SDT and XBT surveys showed that the eddy moved in the northeast direction
covering the distance of 180 miles during 2 months, increasing the speed from 2.3 to 7.3 miles per day.

This angle decrease from 4-5° to 1.5-2° with the propagation of the eddy TS - analysis showed that
there was a high salinity "sense" in the centre of the surface cone at depths of 150-200 m formed in the
south-east area of the northwest zones of the Pacific Ocean.

The eddy swirl speed structure was maintained by means of three successive series of moorings. At the
beginning of the experiment, the core of the eddy was at the 200-400 m depth and swirl speed 30-35
cm/s. At the end of the investigation, the mean swirl speed increased up to 50-70 cm/s, while the
lower boundary of the maximum speed layer sank to 700 m. At the same time the eddy compressed.
The 500 m deep area of the 15° isotherm by 3.5 - 4 times for 2-5 months.

An attempt to study the structure of the zone between north and south subarctic fronts, cyclonic and
anti-cyclonic eddies, of interaction of eddies of the free Rossby waves and non-frontal origin is made.

The report reviewed the most important field investigations of eddies in the Pacific Ocean, which play
the central role in modern physical oceanography. The large-scale structure of the ocean is described
as a background on which the processes of synoptic scale are evolving. Basic results of Rossby waves
theory, physical mechanisms of generation of eddies in the ocean, the fundamental of statistical theory
of dynamics of the eddies are considered. Various hydrodynamical models of interaction eddies and
large-scale ocean circulation are reviewed. Special attention is paid to the results of experiments
conducted especially for the eddies investigation, for the analysis of large-scale of special distribution of
temperature and salinity, their fluctuation in a wide frequency currents and horizontal density
stratification on dynamics of waterway mass.

In the present work the results analysis are on the data of temperature and salinity vertical distributions
obtained with STD. It is established that the small scale and mesoscale structure formation and
movement and also at intermediate depths of the frontal zone. This phenomenon is a mechanism of
transformation and decay of synoptic eddies. A statistical description of revealed structure formations
is presented. Their general features and differences in frontal and non-frontal eddies are shown.
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Attention was also given to the dynamic of the Rossby waves on the basis of the fluctuation observation
of the surface water temperature field in frontal of northwest zones of the Pacific Ocean
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CHARACTERISTICS OF ANTICYCLONIC RINGS IN THE NORTH-WESTERN
JAPAN SEA
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Historical satellite and hydrographic data were examined to study physical structure and evolution of
mesoscale anticyclonic eddies observed to the north of Polar front in the northwestern part of the Japan
Sea. Typical parameters of the eddies (size, lifetime, trajectories, water mass composition) and their
influence on hydrographic conditions in the area are discussed in the paper.
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Ice coverage of the Far-eastern seas is objective, well defined indicator of the climatic processes
occurring in the region.

On a basis of historical archive (1960-1988) ten-day and monthly averaged data of ice coverage it is
attempted to detect linear constituent, and to estimate a presence and input of different quasi-periodical
fluetuations to evolution of ice conditions of the Bering Sea.

Statistical analysis of ice arrays did not reveal presence of noticeable linear trends. It permitted to
conclude that the main climatic estimations of ice coverage of the sea remain unchanged. However it
could be noted in some degree changing character of seasonal processes - increasing of intensity of ice
growing (December-February).

To reveal possible quasi-periodical constituents of long-term variability of ice processes running
averaging with different periods was carried out. Statistical estimations and spectral functions were
analyzed.

It is shown that significant input to total ice coverage variability is supplied by high-frequency
fluctuations which are random constituent and quasi-periodical components with periods up to three
year. Their summary part is about 30%. After their removing it is possible to distinct statistical
significant peaks on the periods about 7-8, 11-12, and 22-25 years.
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Besides of it noticeable irregularity of weight distribution for some variability constituents is observed.
During ice growing the processes with periods of 7-8 years, and for ice decaying period oscillations of
11-12 and over 22 years prevail.

Some parts of the Bering Sea also in more or less degree have similar features.

In conclusion estimations of long-term predictability limits for the Bering Sea are presented.
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SPACE-TIME RELATIONS OF ICE CONDITIONS IN THE BERING AND OKHOTSK
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The 39-year (1959-1998) observational data on ice cover in the Far Eastern Seas are used to analyze
space-time relations between the processes forming the ice conditions in the Bering and Okhotsk Seas.
In general (averaged statistical estimations for the observational period) the processes of ice conditions
evolution on both basins are to be inversely related, i.e. during active growth of ice cover in one of
them it should be waited weakened ice forming in another.

However against the background of pointed tendency there are cases of its violation. Their total
repeatedness reaches 40%, with their number essentially increasing for the recent 10-15 years. It
means that there is a change of the ice processes type in the Far Eastern basin. Along with it periods
(about 7 years) of "principle of inverse phases” violation are revealed. These periods are distinguished
by character of seasonal relations between ice coverage of the Bering and Okhotsk Seas. All this
witnesses about possible periodicity of 14 years in ice processes occurring in the Far Eastern Seas
climatic system.
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ANALYSIS OF THE WATER CIRCULATION IN THE KURIL REGION BY THE
TYPES OF THE ATMOSPHERIC CIRCULATION
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Using the quasigeostrophic baroclinic model based on the principles of self-similarity of the second
order and the main types of the atmospheric processes, the numerical experiments have been carried out
to calculate the jet streams and vorticity structures.

The input data for calculation are real fields of the atmospheric pressure, water salinity and temperature
on the sea surface. Bottom topography, coastline, water exchange at the liquid margins are also
concerned. The atmospheric pressure corresponds to type of the atmospheric processes predominant
for given month for three years (most cold, most warm and mean-statistical for 20 years series of
observation).
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The obtained schemes of the waters circulation point to the predominant vorticity of the anticyclonic
character formed around the South-Kuril islands, but the predominant vorticity of the cyclonic character
formed around the North islands, as well as the bilateral character of the streams in all straits. It's
given the estimation of the values and the order of the variability of the water exchange through the
straits according to the seasons and years.
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RADIOCARBON IN THE NORTH PACIFIC: WHAT WE HAVE LEARNED SINCE
GEOSECS

Robert M. Key
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The GEOSECS program provided the first global scale description of the radiocarbon distribution
during the mid-1970's. Between 1990 and 1994 another survey (U.S. WOCE) was conducted which
increased the available radiocarbon database by approximately an order of magnitude. These new data
provide a much improved description of the large scale radiocarbon distribution and allow investigation
of the changes in the bomb-produced radiocarbon distribution over the intervening 15-20 year period.
During WOCE radiocarbon was sampled using both the traditional large volume beta counting method
(LV) and the new small volume accelerator mass spectrometry method (AMS). All of the LV
measurements from the U.S. WOCE Pacific survey have been measured and approximately 80% of the
AMS samples. Normally, the AMS technique was used to sample the upper thermocline and the LV
technique to sample deep and bottom waters.

GEOSECS sampling in the Pacific was carried out less than 10 years after the peak in the atmospheric
radiocarbon concentration. At that time the near surface ocean radiocarbon distribution was totally
dominated by air-sea exchange processes and the maximum oceanic concentrations were at the ocean
surface. Twenty years later, ocean circulation processes have had time to strongly affect the
distribution and the maximum radiocarbon concentrations are generally found below the ocean surface.
Examination of the change in the distribution of bomb-produced radiocarbon gives a strong indication
of the primary thermocline ventilation pathways. Additionally, the data has been used to calculate
thermocline ventilation rates. A new method using alkalinity, rather than silicate to differentiate bomb
and natural radiocarbon significantly reduces the uncertainty of this calculation.

In deep and bottom waters the new data shows that the oldest waters in the North Pacific are located
south and west of North America. This agrees with what is known about the large circulation in this
region, but is in contrast to what was implied by the limited GEOSECS data. The primary bottom
water inflow to the North Pacific is in a relatively narrow band near the dateline. Once across the
equator, the bottom flow splits with the main flow channeling clockwise to the north and west and a
lesser flow trending northeastward south of the Hawaii. The mid depth return flow can not be
discerned with the North Pacific data, but from the South Pacific data, it appears occur in two bands,
one near the dateline and one against South America, both at depth of approximately 2400 meters.
While the existing WOCE data set has significantly improved what is known about the radiocarbon
distribution, considerable improvement would be obtained by a zonal section, even with reduced
sampling frequency, at mid-latitude in the North Pacific.
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EFFECTS OF BIOLOGICAL PRODUCTION AND AIR-SEA INTERACTION ON
SEASONAL VARIATIONS OF CARBON DIOXIDE IN THE SUBARCTIC NORTH
PACIFIC
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The Japan Meteorological Agency has been conducting semi-annual observations of carbon dioxide,
COz, in the surface water and the overlying air on board the R/V Ryofu Maru in the western North
Pacific, since 1989. Distributions of the partial pressure of carbon dioxide, pCO, total dissolved
inorganic carbon, DIC, and nutrients in the surface water as well as the upper water column mainly
along the 165°E in the subarctic North Pacific were investigated in spring and autumn, 1996-1997. The
pCO: in the surface water showed large variability (<200-420 gatm on spatial scales of 10-100 km in
the high latitudinal region (north of 40°N in spring. High levels of pCO: decreased and pCO: values
showed relatively small spatial variability in autumn. The region north of 47°N changed from the
source for the atmospheric CO: in spring to the sink in autumn, whereas, the southern region (40-45°N
was the sink in both seasons. Concentrations of DIC and nutrients in the surface mixed layer were
depleted significantly from spring to autumn. The C/N ratios calculated from seasonal deficits of DIC
and nitrate in the surface mixed layer were different from those for biological consumption, suggesting
a significant influence of the air-sea interaction on the DIC concentrations. Seasonally integrated net
community production as well as the air-sea CO2 flux from spring to autumn were estimated based on
these observations. These analytical methodology and results will be discussed.
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We have measured surface seawater pCOz in subarctic water of the western North Pacific (nominally
140-170°E; 32-50°N) in the spring of 1996 and early winter of 1997.

In spring, the area north of 45°N acted as a source (delta pCO: = ~ 50 watm) for atmospheric CO,
while in early winter, the same area was equilibrated with atmospheric CO:z (delta pCO2 = ~ 0 patm).
In both seasons, distributions of surface seawater pCO:z were mainly controlled by large-scale variations
related to planetary-scale oceanic circulation and by small-scale variations related to existence of
oceanic fronts and biological activity. Multiple linear regression analysis reveals that spatial
temperature dependence of pCO: is 7-8 watmC"' and =~ 3 zatmC’ for the spring and early winter,
respectively.
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A simple model calculation showed that the seasonal differences of surface seawater pCO:2 (dpCO») at
45°N and 50°N along the 165°E meridian were comparable to the differences due to changes of water
temperature ((dpCO2/d T)dT) and nutrients ((dpCO2/dNu)dNu). However, the differences at 40°N and
35°N were not, probably implying that effect of water mixing was dominant in these latitudes.

In the spring, surface seawater pCO: in latitudes 41-45°N along the 165°E meridian was decreased by
biological activity, probably by diatom, to act as a stronger sink for atmospheric CO2. As a result, the
local air-to-sea CO: flux decreased by 5-10 mmol m2 d"'.
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VARIABILITY OF pCO: IN THE SUBARCTIC NORTH PACIFIC: A COMPARISON
OF RESULTS FROM FOUR EXPEDITIONS
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Time-space variability of surface seawater pCO: is examined over the region (150°W-180°, 46°N-
50°N) of the subarctic North Pacific where large meridional gradients of temperature and nutrient
concentrations exist. The data were collected during four trans-Pacific expeditions in three different
years (1985-1987), but within the same 30-day period of the year (August-September). Systematic
measurement differences between the four data sets are estimated as < 10 patm. The inter expedition
comparison suggests that surface seawater pCO: in the study area is quite variable, with mean
differences of up to 25 patm, and local differences up to 60 patm. Spatial and interannual variability of
surface seawater pCO2 were found to contribute significant uncertainty to estimates of the mean pCOz
for the study area. Fluxes were calculated using pCO: values from the four expeditions combined with
gas exchange coefficients calculated from four different wind fields giving a range of -0.94 to +4.1
mmol COz2 m? d”'. The range of fluxes from the study area is scaled to a larger area of the North
Pacific to address how this variability can translate into uncertainties in basin-wide carbon air-sea
exchange fluxes.
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DIRECTLY OBTAINED CO: EXCHANGE RATE AT THE SEA SURFACE FROM
CARBON AND ITS ISOTOPES

Noriko Nakayama, Shuichi Watanabe & Shizuo Tsunogai
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University, Sapporo 060-0810, Japan E-mail: mag-hu@ees. hokudai.ac.jp

In Funka Bay (area, 2270 km* mean depth, 60 m, 42.3°N and 140.6°E), the exchange of water with
the open sea occurs only twice a year, in spring and autumn. We can estimate the gas exchange rate at
the surface from the water column inventory change in tracer components during the stay of water
inside the bay. Of course, we must correct results for other in situ processes such as biological
production and decomposition of organic matter and small effects due to the mixing of open sea-water
and the fresh water change, using nutrients and salinity, respectively. An observation station was
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occupied at the center of the bay and the inventories of salinity, phosphate, nitrate, dissolved oxygen,
total carbonate, C-13 were determined once a month during one and a half year.

The results show that the inventory of C-13 (strictly speaking C-13+0C-12 ratio) increased with time
during winter even before making the above mentioned correction. This must be due to the gas
exchange, because the decomposition of organic matter reduces the inventory of C-13 and the gas
exchange enriches C-13 in the being cooled surface water. We have obtained an unbelievably large gas
exchange rate for C-13 in winter, while it is not large in summer, and found that the estimated rate
decreases in the order of those from C-13, total carbonate and oxygen, indicating the effect of bubbles.
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NORTH PACIFIC MONITORED BY A SHIP-OF-OPPORTUNITY
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The use of ships-of-opportunity is an effective way to obtain CO: fugacity (fCO2) data with complete
seasonal coverage along a fixed transects of the ocean. In March 1995, we started monitoring of fCO
in the northern North Pacific using a cargo ship, M/S Skaugran (owned by Seaboard, Canada). Then,
measurements of 27 round trip cruises have already been carried out with on board personnel.

The data sets of difference in CO: fugacity (delta fCO2) between seawater and atmosphere were
mathematically analyzed for modeling seasonal and spatial variation of delta fCO2 over the whole area
in the North Pacific. A seasonal and spatial delta fCO: function was applied to each ocean grid in the
North Pacific. The seasonally resolved delta fCO2 maps for the North Pacific were then produced from
the grid functions. Seasonality having winter maximum and summer minimum in delta fCO2 was
clearly observed in the western subarctic North Pacific. Seasonality in the central North Pacific of 40-
45°N zone showed maximum in spring-summer and minimum in autumn-winter. The seasonal
amplitude of delta fCO: in the Gulf of Alaska was smallest. The results indicated annual net efflux of
CO:2 from the western subarctic North Pacific and from the Bering Sea. The middle latitude North
Pacific was annually net CO: sink. Grid functions of salinity and nutrients also indicate clear seasonal
variation. The variation of fCO: and nutrients were parallel in the western sub arctic North Pacific,
indicating the biological production in spring-summer and water mixing in autumn-winter.
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CARBONATE SYSTEM OF THE SEA OF OKHOTSK CONTROLLED BY SEA ICE
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At the formation of sea ice, chemical substances dissolved in the surface water should be transported to
the deeper layers by the deep convection and brine formation. In the Sea of Okhotsk, the area covered
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with sea ice and its thickness vary widely from year to year. This may influence the amount of CO:
carried into the intermediate and deep layers. To estimate this amount, we collected the Okhotsk sea-
water (0-1000 m) in the region off Hokkaido and southern Skharin in 1996 and 1997 summer, and
analysis measured pH and total-alkalinity. The total dissolved inorganic carbon concentration was
calculated from them.

In 1997, the subsurface water (50-200 m) was cooler by about 2°C and deep water salinity higher by
about 0.05-0.1 psu than in 1996. This water was also rich in normalized total-alkalinity and inorganic
carbon content in 1997. According to the direct observation of sea ice in winter, the sea ice was
thicker and the surface mixed layer was also thicker in 1997 than those in 1996. At around 200 m
depth, the C to nutrient ratio in the increments between 1996 and 1997 agreed approximatery with the
so-called Redfield ratio, the ratio at depths below 500 m was larger than the Redfield ratio (i.e. C
increased more in 1997). The latter can be understood if the deeper water in 1997 was formed from
surface water enriched in dissolved inorganic carbon within the Okhotsk Sea at the time of sea ice
formation.
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The continental shelf of the Bering and Chukchi Seas is a controlling area for the flux of Northern
Pacific waters, fresh waters (entered by riverine input), nutrients, and carbon into the Arctic. Waters
originating in the North Pacific Ocean enter the Arctic after a long transit through the Bering and
Chukchi Seas to submerge under the permanent sea ice cover and form a distinct layer in the Arctic
halocline. Previous studies show that the Pacific water plume causes basin-wide differences in
biogeochemical cycles and thus contributes to significant differences between the Canadian and
Eurasian basins of the Arctic Ocean. Here we present the first reliable carbonate data system for the
transitional North Pacific-Arctic region, because all previous data were obtained southward from the
Bering Strait. In the fall of 1996, about 700 samples were analyzed in the Bering Strait-Chukchi Sea
east of 170°E to map pCO values from surface to bottom. Pumping of TCO: from surface to bottom of
the Chukchi Sea was evaluated, and new results for the carbonate chemistry of the North Atlantic water
inflow along Barrow Canyon were obtained.
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CARBON CYCLE STUDIED WITH SETTLING BIOGENIC PARTICLE IN THE
WESTERN NORTH PACIFIC
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To study biogeochemical cycle of carbon in the western North Pacific, settling particles were collected
and analyzed for both major biogenic components (organic carbon, biogenic opal, calcium carbonate)
and fatty acids as biomarkers. Time series sediment traps were deployed at 1000 m and 4200 m water
depths from 21 October 1994 to 28 May 1996 at the central part of northern Japan Trench. The
vertical fluxes of major biogenic particles varied temporally indicating significant annual change in the
primary production. Fatty acid fluxes at 1000 m indicated positive correlation with those of biogenic
opal and organic carbon. In addition, the composition of fatty acids also varied seasonally. The
polyunsaturated fatty acids (PUFAs) content to total fatty acids increased strikingly during spring
bloom. The PUFAs content (%) at 1000 m showed a good correlation with the depth-integrated
chlorophyll a concentration in the 0-50 m surface water, which was observed 7 times during the
deployment period. These results strongly suggest that primary production is directly related to the
downward fluxes of biogenic particles at 1000 m water depth. The biogenic matter fluxes including
organic carbon, opal, and fatty acids were 3 times larger than those at 1000 m. This indicates that a
significant part of settling particles are transported laterally at 4200 m. However, the multivariable
analysis using fatty acids data shows that the laterally transported particles do not change the
composition of settling fatty acids at deeper water in the Trench.
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CARBON DIOXIDE AND DISSOLVED OXYGEN IN THE JAPAN SEA: ESTIMATION
OF BIOLOGICAL AND THERMAL EFFECTS
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The partial pressure of carbon dioxide (pCOz) and the apparent oxygen utilization (AOU) in seawater
are regulated by two major mechanisms: photosynthesis or organic matter decomposition (the biological
pump) and heating or cooling of seawater (the physical pump). A method for estimating the biological
and thermal term contribution in pCO2 and AOU distribution was proposed and used to process data
collected aboard the R/V Akademik Lavrenijev in November-December, 1995, during the survey along
a line crossing two climatic regions of the Japan Sea: warm southeastern area of subtropical waters and
cold northwestern area of transformed waters. It was found that in both zones, even in late autumn,
photosynthesis surpasses the oxygen demand for respiration and oxidation of organic matter. As a
result of that and cooling of surface water, the Japan Sea is a strong CO: sink at this time.
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CO:, SPECIFICALLY "CONTINENTAL SHELF PUMP" WORKING IN THE EAST
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We have defined the potential sink capacity of water for absorbing atmospheric CO:. The Pacific Deep
Water has a larger potential sink capacity by 170 mmol/kg than the Atlantic Deep Water. This is due
to the gas exchange without consuming nutrients in the winter Antarctic Ocean (50 mmol/kg), the
dissolution of CaCOs in the deep Pacific (60 mmol/kg), and the atmospheric CO:z change after it was
formed (60 mmol/kg). If the flow rate of the Deep Water is 15 Sv, the Deep Water can absorb CO:2 by
1.0 Gt C/yr more than the newly formed Atlantic Deep water, when the water comes up to the surface
and its nutrients are completely consumed. :

We have pointed out four processes making the potential sink capacity actual. They are (1) the process
of Intermediate Water forming in the North Pacific down to about 1000 m with a residence time of a
few tens to one hundred years, (2) that occurring in the continental shelf, referring to Continental Shelf
Pump (the pump accounts for the net oceanic uptake of CO: of 1 Gt Clyr, if the world shelf zone
absorbs CO: at the rate observed in the East China Sea), (3) the gas exchange process in the high-
latitudes especially in winter, where bubbles formed under heavy storms are taken into the subsurface,
and (4) the biological process in water enriched in silica in the western North Pacific, producing many
large particles sinking quickly into the abyss with larger organic-C/carbonate-C ratios. These seem to
be overlooked or underestimated by the present modelers giving smaller values for the oceanic uptake

of COa.
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A low temperature, low salinity water mass lying on the bottom of the shelf area in the northern area of
the East China Sea (ECS) in summertime is regarded as remnant winter water. Carbonate and related
parameters suggest that it may originate from the Yellow Sea Cold Water which is formed farther

north.

There are no apparent annual variations in the carbonate parameters in the Kuroshio east of the shelf
break. The partial pressure of CO:z calculated from the pH, TA or TCO: data in this study show that
the surface water in the shelf area is undersaturated with COz in spring and summer. When combined
with other data collected in different seasons, the results show that the shelf area of the ECS is indeed a
net sink for atmospheric COz. It may absorb 0.015-0.029 Gt C per year. The carbonate data also
suggest that the Tsushima Warm Current is a branch of the Kuroshio.
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