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Abstract

Biomass of microzooplankton (copepod nauplii, tintinnids, naked ciliates, and others)
was investigated in the western North Pacific Ocean during the spring of 1985. Surface water
survey showed that the total microzooplankton biomass was one order of magnitude higher
in the subarctic than in the subtropical water. Vertical observation, however, revealed that
the microzooplankton biomass was high in the top 50 m in the northern sea area while the
biomass maximum layer occurred bolow depth of 50 m in the southern sea area. Using the
relationship between the surface and the integrated biomass throughout the 0-200 m water
column, the microzooplankton biomass in the surface was converted to the integrated biomass.
The mean biomass in the water column was 1.2-fold higher in the transitional water (1.83 g
m~2) and 1.7-to 3.4-fold higher in the subarctic water (2.68 and 5.40 g m~2, respectively) than
in the subtropical water (1.59 g m~2). Since macrozooplankton biomasses in the transitional
(15.8 g m~2) and the subarctic waters (41.7g m~2) are 1.7- and 4.6-fold larger than the
subtropical water (9.07 g m~2?), respectively, it seems that relative abundance of microzoo-
plankton to macrozooplankton is low in the subarctic and high in the subtropical water.

Introduction

Net towing is one of conventional methods to collect macrozooplankton, and has
been conducted by many oceanographers. As a result the abundance and distribu-
tion of macrozooplankton have been revealed from various sea areas and seasons
(e.g. Odate, 1986).

Recent studies have shown that the size of major primary producers in the
ocean, especially in the oligotrophic open water, is smaller than 2 xm, so are called
picophytoplankton (Sieburth et al., 1978) [see Chisholm (1992) and references
therein]. Macrozooplankton can not graze upon picophytoplankton directly (Mar-
shall and Orr, 1956 ; Rassoulzadegan and Etienne, 1981 ; Laybourn-Parry, 1992).
Hence, microzooplankton, which easily escape from the mesh aperture of a conven-
tional net, must play an important role in picophytoplankton dominant ecosystems.
That is, microzooplankton appear to be a link by which picophytoplankton carbon
is transformed to higher trophic levels (Sherr and Sherr, 1988 ; Stoecker and
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Capuzzo, 1990).

It is considered that relative abundance of microzooplankton to macrozoo-
plankton is high in the subtropical water where picophytoplankton predominates,
while it is low in the subarctic water where large cell-sized phytoplankton is
abundant (Taniguchi, 1984,1985). The present study aims to show biomass of
microzooplankton in the western North Pacific Ocean, where a large number of data
on macrozooplankton biomass has been collected (e.g. Odate, 1986). And then, the
relative abundance of microzooplankton to macrozooplankton will be discussed.

Materials and Methods

Samplings were carried ont during the cruise of the R/V Hakuho Maru (KH-85-
2), from April 12 to May 15, 1985 in the western North Pacific Ocean (Fig. 1).
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Fig. 1. Sampling stations in the western North Pacific Ocean. At Stations 1-64 the surface

water sample was collected ; closed and open circles, the bloom and non-bloom water in the
subarctie, respectively ; closed squares, the transitional water ; open squares, the subtropi-
At Station B-F (cross signs) vertical samplings were conducted.

cal water.
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Discrimination of water masses in the occupied sea area has been conducted in
the earlier paper (Odate and Maita, 1988/1989) based on the surface water tempera-
ture and the satellite image (Hattori and Nakai, 1986), i.e., the subarctic water (the
surface water temperature was less than 10°C ; open and closed circles in Fig. 1), the
transitional water (10-20°C, closed squares), and the subtropical water (>20°C, open
squares). Moreover, the subarctic water was divided into two types, i.e., the bloom
water, where surface chlorophyll a was more than 1.0 zg 1-! (closed circles), and the
non-bloom water, where surface chlorophyll @ was less than 1.0 4g 1-! (open circles)
(Odate and Maita, 1988/1989).

At Stations B-F (cross signs in Fig. 1), seawater samples from ten different
depths between the surface and 200 m were taken using a Van Dorn sampler, while
only surface water samples were collected at Stations 1-64. Seawater (201) were
filtered using & screen (mesh aperture, 40 ym) to concentrate larger animals and one
liter of the filtrate was prepared to examine smaller ones. The samples were fixed
with Lugol’s solution (3%, v/v) and concentrated by settling in the land laboratory.
Biomass of microzooplankton was estimated following the methods described by
Odate and Maita (1988) based on a light microscopic observation of 1/2 to 1/20
subsamples.

Results and Discussion

The microzooplankton assembly consisted of ciliates, radiolarians, foraminifer-
ans, appendicularians, copepods, and others. Among them, tintinnids, naked
ciliates, and copepod nauplii were commonly observed over the sampling area and
were dominant components. Copepods (copepodite stage and adult) also occurred
in the samples and their biomass was not negligible. We, however, eliminated them
from microzooplankton, since they were too few to quantify in the subsamples,
which are equivalent to 1-101 of seawater, as mentioned by Endo et al. (1983).

In the subarctic surface water, the total microzooplankton biomass was high
(Fig. 2). In particular, biomasses of higher than 100 10-2 mm? 1! were observed
in the bloom water. The microzooplankton community in the bloom water was
predominated by copepod nauplii. Percent contribution of naked ciliates was high
at Stations 7-8 and 11-18 of the non-bloom water. In the transitional water, the
total microzooplankton biomass decreased from north to south. Most of the micro-
zooplankton community were predominated by copepod nauplii. At Stations 31,
32, and 34 the community was characterized by naked ciliates, while tintinnids
dominated at Station 41 and other microzooplankton (e.g. radiolarians, foraminife-
rans, and appendicularians) prevailed at Station 43. The total microzooplankton
biomass was very low in the surface of the subtropical water, where tintinnids and
other microzooplankton predominated, although at Stations 61-63 copepod nauplii
was abundant.

From the surface observations, it has been shown that the microzooplankton
biomass was high in the northern sea area, being consistent with earlier studies
(Endo et al., 1983 ; Taniguchi, 1984). Mean biomasses of copepod nauplii, tintin-
nids, naked ciliates, and the total microzooplankton in the surface water are shown
in Fig. 3. The mean biomasses of the former two groups (81.8 and 19.0x 1073 mm?
1-1, respectively) were 23.6- and 10.5-fold higher in the bloom water than in the
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Fig. 2. Biomass of total microzooplankton and relative abundance of dominant components in
the surface water. Symbols are the same as in Fig. 1.

subtropical water (3.47 and 1.80 X 10~ mm?® 1-!, respectively). And, they were 3.5
and 3.8 times higher in the bloom than in the non-bloom (23.4 and 5.06 X 10~ mm3
171, respectively). The mean biomass of nauplii in the transitional water (9.07 x
1073 mm?® 1-?) was 2.6 times higher than that in the subtropical water (3.47x 1073
mm?® 171), although the difference of tintinnids was not evident between the two sea
areas (1.36 and 1.80x107* mm?® 1-!, respectively). Biomass of naked ciliates was
almost the same level in both the bloom (6.17 x 10~* mm?® 1-!) and non-bloom waters
(7.25x 1073 mm?® 1-?) in the subarctic. Total microzooplankton including others was
one order of magnitude higher in the bloom water (107.9 x 10~* mm? 1-!) than in the
subtropical water (7.50 X 10~ mm?® 1-*). The total microzooplankton biomass was
2.6 times higher in the transitional water (36.3 x 103 mm? 1-') than in the subtropi-
cal water (13.9x107*mm®1-!). The variation in the total microzooplankton
biomass resulted from abundance of nauplii as shown by Endo et al. (1983).
Vertical distributions of the biomass of the dominant components of the
microzooplankton community (copepod nauplii, tintinnids, and naked ciliates) are
shown in Fig. 4. As shown in Fig. 2, their biomasses in the surface water were high
in the northern sea area (Stations B and C) and low in the southern sea area
(Stations D, E, and F). At the former two stations, the biomasses were high in the
top 50 m, while at the latter three stations, large biomass occurred below the depth
of ca. 50 m. Considering the vertical distribution, the microzooplakton biomass in
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Fig. 3. Mean biomasses in four water types. Bars indicate one standard deviation. A, the
bloom water in the subarctic; B, the non-bloom water in the subarctic ; C, the transitional
water ; D, the subtropical water.
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the water column can not be evaluated based on the surface biomass only, although
we have shown that microzooplankton biomass was one order of magnitude higher
in the northern sea area than in the southern one based on surface observations (Fig.
3).

The relationship between the surface and the integrated biomasses (0-200 m) of
the total microzooplankton is demonstrated in Fig. 5. In this figure, our unpub-
lished results, which were collected in the North Pacific Ocean during early summer,
are also shown. The relationship was a significant positive (p<0.001) with a
positive intercept. Using this equation, the microzooplankton biomass in the
surface water (Fig. 2) was converted into the integrated biomass, assuming specific
gravity of 1.0 (Fig. 6). Because of the positive slope, the integrated biomass was
still high in the subarctic water, as shown by the surface microzooplankton biomass.
However, biomass ratio of the subarctic water to the subtropical water became small.
This is due to the relatively large intercept, which is equivalent to 829, and 24%, of
the mean biomass in the subtropical water and the subarctic bloom water, respective-
ly. The large intercept may imply that contribution of microzooplankton biomass
in the subsurface layer is more essential in the subtropical water than in the
subarctic water. The mean biomass of microzooplankton was 1.2-fold higher in the
transitional water (1.83 g wet weight m~2) and 1.7-to 3.4-fold higher in the subarctic
(2.68 and 5.40 g wet weight m~2, respectively) than in the subtropical water (1.59 g
wet weight m~2) (Fig. 7).

Endo et al. (1983) reported than the total microzooplankton biomass in the
western subtropical North Pacific Ocean was 0.84-1.80 g wet weight m~%, which is
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Fig.5. Relationship between total microzooplankton biomasses in the surface water and in the

water column (0-200 m). Data collected in the North Pacific Ocean (Odate, unpublished
results) are also included.
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Fig. 7. Mean biomasses of microzooplankton, which are estimated using the equation in Fig.
5, in the four types of water columns. Bars indicate one standard deviation. Water types
are the same as in Fig. 3. Mean biomasses of macrozooplankton (Odate, 1986) are also
shown.

comparable to our estimated microzooplankton biomass in the subtropical water.
On the other hand, Taniguchi (1984) reported the microzooplankton biomass in the
oceanic cold water off the Sanriku Coast to be 4.80 g wet weight m~2, which is in the
range of our two estimations conducted in the bloom and non-bloom water of the
subarctic water. Our estimation of the integrated biomass of the total microzoo-
plankton seems to be appropriate.

It is generally thought that relative abundance of microzooplankton biomass to
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macrozooplankton biomass is high in the subtropical water, since picophytoplankton
dominate in this sea area (Endo et al., 1983 ; Taniguchi, 1984, 1985). Regional
mean biomass of macrozooplankton collected in the western North Pacific Ocean
during May (Odate, 1986) is shown in Fig. 7, where the subarctic water mass is not
divided into two sub-areas. The macrozooplankton biomasses in the transitional
(15.8 g m~2) and the subarctic waters (41.7 g m~2) are 1.7- and 4.6-fold larger than
the subtropical water (9.07gm™2), respectively. The regional difference in
macrozooplankton is larger than that in microzooplankton. Consequently, the
relative abundance of microzooplankton to macrozooplankton is likely to be high in
the subtropical water. Indeed, using the data in Fig. 7, the relative abundance is
calculated as 17%, in the subtropical water, 119, in the transitional water, and 6%,
in the non-bloom water. A relatively high percentage of 139, obtained in the
bloom water was still lower than that in the subtropical water.

As shown in Fig. 3, copepod nauplii and tintinnids biomasses were 3.5 and 3.8
times higher in bloom water than in non-bloom water, respectively. It is considered
that microzooplankton biomass changes in accordance with phytoplankton abun-
dance in the subarctic water. In this sea area, the maximum biomass of macrozoo-
plankton in a year is observed after the spring phytoplankton bloom (Cushing,
1959 ; Heinrich, 1962 ; Odate, 1986 ; Odate and Maita, 1988). These temporally
different variations in microzooplankton and macrozooplankton biomass affect the
relative abundance of the former to the latter. That is, microzooplankton biomass
is large and macrozooplankton biomass is small during the spring phytoplankton
bloom, then the relative abundance becomes high, while macrozooplankton biomass
increases and microzooplankton biomass decreases after the bloom, then the relative
abundance becomes small.

It can be concluded that the relative abundance of microzooplankton to
macrozooplankton will be smaller in the subarctic water than in the subtropical
water, although considerable variations occur during spring. The change in the
relative abundance is likely to result from the temporally and spatially larger
variation in macrozooplankton biomass rather than microzooplankton.
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