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Abstract. In the western subtropical North Pacific, levels of chlorophyll-a concentration in win-
ter and summer noticeably decreased after 1980, although decadal change 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 has been decreasing since the early
1980s. Since the late 1980s, chlorophy!l concentration in the western subarctic Pacific and eastern
Bering Sea and zooplankton biomass in the central subarctic Pacific and eastern Bering Sea also
have been decreasing. These regime shift-like phenomena of the regional plankton biomass corre-
spond to the variations in the global climate, which is represented by the northern hemisphere
zonal index (NHZI) in winter and spring. There seem to be a few general tendencies: (1) Intensi-
fication of the wind speed or destratification in winter and spring causes plankton biomass to de-
crease in the region where the upper mixed layer is deep, such as the western subarctic and north-
western subtropical water, but to increase in relatively stratified areas, such as in the eastern sub-
arctic and southwestern subtropical water. (2) Interdecadal scale variation at the start of density
stratification in spring is affected by both the wind and the fresh water supply in the upper ocean.
The latter is especially important in the Oyashio off the southeast coast of Hokkaido.

1. Introduction

It has been pointed out by numerous authors that global
scale climatic regime shifts occurred in the mid 1940s, mid
1970s, and late 1980s (e.g., Trenberth, 1990; Tanimoto et al.,
1993; Ware, 1995; Minobe, 1997). The latter two authors
explained these changes as a consequence of a bidecadal and
5- to 7-decadal scale oscillations. Furthermore, the ENSO
cycle of 3-7 years and decadal scale variations are also su-
perimposed. Since the mid 1970s, ENSO activity has been
enhanced and El Nifio type ocean conditions in the low lati-
tudes persisted (JMA, 1994a), inducing a persistent warm
water anomaly along the eastern and northern boundary of the
North Pacific and a cold water anomaly in the central subarc-
tic Pacific and Oyashio water.

An ecological regime shift in the ocean also occurred in
the mid 1970s, described by Venrick et al. (1987), Kawasaki
(1991), Brodeur and Ware (1992, 1995), Beamish and Bouil-
lon (1993), Francis and Hare (1994), Odate (1994), Tomo-
sada and Odate (1995), Kodama (1995), Polovina et al.
(1995), Brodeur et al. (1996), and Sugimoto and Tadokoro
(1997). However, in the central and western subarctic Pacific,
the chlorophyll concentration and zooplankton biomass in
summer during the late 1960s to mid 1970s were a few times
higher than those in the preceding and following decades,
which corresponds to higher values of the atmospheric north-
ern hemisphere zonal index (NHZI) (Sugimoto and Tadokoro,
1997). Furthermore, the response of the ocean ecosystem to
climate change or to wind mixing differs regionally, in asso-
ciation with the regional density stratification and advance or
delay of their seasonal cycle.

In this paper we intend to synthesize the interdecadal scale
variation in the chlorophyll concentration and macrozoo-

51

plankton biomass in the western subtropical and the whole
subarctic North Pacific. We focus on the increase in the mid
1960s-mid 1970s and the decrease after the early or late 1980s
in plankton biomass, as well as the climate and oceanic envi-
ronmental factors which might induce the ecological regime
shift.

2. Method and Data

Data sets used for the time series of the past meteorologi-
cal and hydrographic conditions in this study are “Data report
of oceanographic observations (Data Catalog)” and “Ocean
surface fluxes in the North Pacific” published by the Japan
Meteorological Agency 1972-1993 and in 1994, respectively.
In the subtropical region to the south of Japan, chlorophyll-a
and zooplankton biomass data obtained by R/V Ryofu-Maru
along 137°E (Figure 1) in winter and summer 1970-1992
(JMA, 1972-1993) were used.

Chlorophyll-a concentration was determined by a fluoro-
metric technique. Water samples were filtered onto Whatman
GF/C filters and chlorophyll-a was extracted in 90% acetone
in the dark and under refrigeration for 24-72 hours, and then
the fluorescence intensity was measured with a Turner Design
fluorometer calibrated against pure chlorophyll-a.

For the chlorophyll concentration and zooplankton bio-
mass in the subarctic Pacific, transparency data and net sam-
ples obtained by training ships T/S Oshoro-Maru and T/S
Hokusei-Maru of Hokkaido University in June and July dur-
ing 1954-1995 were used (Faculty of Fisheries, Hokkaido
University, 1956-1996). Averaged subareas are shown in
Figure 1. Locations of sampling stations are shown previous
paper by Sugimoto and Tadokoro (1997). Transparency depth
(TD), measured with a Secchi disc, was converted to a meas-
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Figure 1. Subarctic, subtropical, and tropical circulations
in the North Pacific. Subregions WP, CP, EP, and EB in
the subarctic water are the areas where plankton and hy-
drographic data obtained by T/S Oshoro-Maru were av-
eraged. OY is the Oyashio region, P is the Ocean
Weather Station Papa. Along the RYOFU-Line plankton
has been monitored every winter and summer since 1972
and 1973 , respectively.

ure of chlorophyll-a concentration by using the statistical
relationship of Falkowski and Wilson (1992), although it
gives a few times higher value of chlorophyll-a concentration
in summer season (Figure 2 in Sugimoto and Tadokoro
(1997)).  For obtaining macrozooplankton samples, a
NORPAC net, a cone type net of 180 cm length and 45 cm
diameter of the opening ring with 0.33-0.35 mm mesh size,
was towed vertically from 150 m depth to the sea surface.

As some of the zooplankton species make a daily vertical
migration, the difference of the zooplankton biomass between
day and night was examined both in the subarctic and sub-
tropical areas. Figures 2a-d show comparison of the zoo-
plankton biomass collected in daytime and night time in each
subregion of the subarctic Pacific. It suggests that the differ-
ence of the biomass level between daytime and night time is
not large except in the western subarctic. Figs. 3a-d show
examples of them in the northern and southern part of the
subtropical gyre along 137°E in winter and summer. Differ-
ence of the collected biomass between day and night is not
small in the subtropical, especially in the low latitude. Hence,
in the subtropical area only the data collected at night were
used, but in the subarctic the daily difference was ignored.

To analyze the effect of physical environment on the long-
term variations in the plankton biomass, not only annual mean
values but also “the phase shift” of the seasonal variation of
the wind speed and density stratification in the interdecadal
time scale were investigated.

3. Results

3.1. Subtropical and tropical North Pacific

Figures 4a and b show meridional vertical sections of wa-
ter temperature and chlorophyll-a concentration obtained by
R/V Ryofu-Maru in winter and summer, respectively. In the
northern part of the subtropical gyre (21-33°N) in winter (Fig-
ure 4a), temperature and chlorophyll-a concentration are well
mixed down to 140-150 m, while in the North Equatorial
Current (8-20°N), strong thermal stratification and subsurface
chlorophyll maximum layer persist even in winter.
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Figure 2. Comparison of the zooplankton biomass col-
lected in daytime and night time in each subregion of the
subarctic Pacific in Figure 1.

Figures 5a-d show interannual variations in the mean chlo-
rophyll-a concentration in the upper 200 m in the Kuroshio
and its countercurrent region (30-32°N), subtropical frontal
region (21-23°N), North Equatorial Current (14-16°N), and
the tropical circulation (5-7°N), respectively, during 1972-
1992. In and around the Kuroshio and the subtropical frontal
region (Figures 5a and b), the chlorophyll-a concentrations in
1980s and early 1990s are lower than those in 1970s, both in
summer and winter. In the North Equatorial Current and the
tropical circulation region (Figures Sc,d), a sharper stepwise
drop appeared around 1980.

Figures 6a-d show interannual variations in the zooplank-
ton biomass at night in the upper 150 m of the northern, cen-
tral and southern subtropical gyre along 137°E line in winter
and summer, during 1972-1992. The biomasses of macro-
zooplankton in the northern and central part of the subtropical
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Figure 3. Comparison of the zooplankton biomass col-
lected in daytime and night time in the northern part and
southern part of the western subtropical water in winter and
summer along the Ryofu-Maru line in Figure 1.

gyre in the 1980s were lower than those in the 1970s. How-
ever, in the southern part of the subtropical gyre the biomass
slightly increased from the mid 1970s toward the late 1980s in
winter, although there was no clear tendency in summer.
Figures 7a-c show seasonal-interannual variations of mean
wind speed in winter and summer to the south of Japan (5-
35°N, 132-142°E) during 1961-1990. These figures suggest
that the wind speed in winter is almost twice as large as that
in summer. As to interannual variations, the wind speed in
winter and summer was noticeably lower during the late
1960s to mid 1970s in the whole subtropical North Pacific.
Figures 8a and b show interannual variations in density
difference between 300m depth and the seasurface in winter
and summer. In the central and southern subtropical gyre, the
density difference increased in 1980s. This is caused by the
intrusion of subsurface cold water from the northeastern re-
gion of the subtropical gyre (although not shown here). Fig-
ures 9a and b show interannual variations in mixed layer
depth (MLD) in winter and summer. These figures suggest
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Figure 4. Vertical sections of temperature and Chl-a con-
centration along 137°E to the south of Japan in winter (a)
and summer (b) in 1992 (after JAPAN METEOROL-
OGICAL AGENCY, 1993). KR and S.T.F. indicates posi-
tion of the Kuroshio and the subtropical front, respectively.

that mixed layer depth in the northern and central subtropical
gyre increased in the early and mid 1980s in winter.

3.2. Subarctic Pacific

Figures 10a-d show time series of the chlorophyll concen-
tration and macrozooplankton biomass in summer since 1954
in each subregion of the subarctic Pacific and the eastern
Bering Sea shown in Figure 1. To make clear the decadal-
scale variations, five-year running means were taken, com-
bined with one year extrapolation. Figures 10a and b show
that chlorophyll concentrations were high during the mid
1960s to the mid 1970s in the central and western subarctic
Pacific and at Ocean Weather Station Papa (St. P; 50°N,
145°W) in the Alaskan gyre. In the eastern Bering Sea, the
higher level persisted till the end of 1980s, although at St. P
the relatively high level dropped in the late 1970s.

Figures 10c and d clearly indicate that the biomass rapidly
increased around the mid 1960s. In the mid 1970s, the high






