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Quantification of microphytobenthos biomass in intertidal
sediments: layer-dependent variation of chlorophyll @ content
determined by spectrophotometric and HPLC methods

Paolo MAGNI*, Nao ABE* and Shigeru MONTANI """

Abstract : We assessed the difference between chlorophyll a (Chl. @) values estimated by spec-
trophotometer using either 90% aceton or N,N-dimethylformamide (DMF) as an extractant,
and by HPLC using DMF, in intertidal sediment samples from the Seto Inland Sea, Japan. This
was conducted both at the surface(0-0.5 cm) and subsurface(0.5-2 cm) layers and through the
vertical profile of the sediments (each next cm to 10 cm depth). The Chl. a content determined
using the three different procedures gave similar results at the surface. In contrast, the Chl. a
content at the subsurface layer was 94.5113.7 and 70.1+19.49% that found at the surface when
spect ophotometrically determined using 90% aceton and DMF, respectively, while it was 47.7
+16.9% when determined by HPLC. Such difference between procedures was consistent with
depth. At the 6-7,8-9 and 9-10 cm layers, Chl. a determined spectrophotometrically varied from
1.1to 2.1 ug g™, while it was not detected by HPLC. These results indicate that the more prac-
tical spectrophotometric method can be reasonably employed to quantify the living fraction of
microphytobenthic biomass in the surface layer of these sediments. At lower layers, only rely-
ing on either aceton or DMF extraction of pigments and spectrophotometric determination is
likely to lead to an overestimation of the Chl. a content up to >>50%. This can be related to the
progressive increase and interference with depth of photosynthetic degradation products

whose reliable estimates can only be obtained by chromatographic quantification.

Key words : Microphytobenthos, biomass, chiorophyll a, methods, HPLC, spectrophotometer,

tidal flat, Seto Inland Sea

1. Introduction

During the last decade, major interest has
arised on the role of intertidal microphyto-
benthos as a primary carbon source for
estuarine food webs and on its implications in
the cycling of nutrients (SULLIVAN and
MoNCREIFF, 1990; DE JoNG and DE JoNGE, 1995;
HEIP et al., 1995; MACINTYRE et al., 1996; GUARINI
et al., 1998). It is therefore important that the
determination of chlorophyll @ (Chl. @) content
in sediments could give a reliable estimate of
the living fraction of microphytobenthic
biomass. This is particularly critical for the top
few mm of sediments where microphytoben-
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thic photosynthetic activity occurs (REVSBECH
et al., 1983; KROMKAMP et al., 1998) and primary
production is calculated (PINCKNEY and
ZINGMARK, 1993; BARRANGUET et al., 1998). The
HPLC-technique has been earlier indicated as
the most reliable one, particularly in sediment
samples containing a mixture of pigments
(DAEMEN, 1986). MACINTYRE et al.(1996) indi-
cated that there may be negligible to large
(40%) error due to interference of degradation
products where Chl. a is measured by spectro-
photometer. Other works showed either good
agreement between spectrophotometric and
HPLC measurements (PLANTE-CUNY et al,
1993) or a slight overestimation of Chl. ¢ con-
tent determined by spectrophotometer of 2 to
5% (BARLOW et al., 1990). Such controversy in
results obtained using different methods sug-
gests that possible discrepancies should be
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Fig. 1. Study area and location of the sampling stations.



Quantification of microphytobenthos biomass in intertidal sediments 59

checked in each relevant study area. It can be
inferred that the more practical spec-
trophotometric method can be suitable for
long-term and intensive survey schemes, pro-
vided that concurrent spectrophotometric and
HPLC estimates either show a reasonable ap-
proximation or are normalized (DE JoNG and
DE JonGE, 1995). Until now, an evaluation of
possible discrepancies between methods has
been restricted to the upper 1 cm layer of sedi-
ments (DAEMEN, 1986; BARLOW et al, 1990;
PLANTE-CUNY et al, 1993; MACINTYRE et al,
1996). In the present work, we additionally
tested whether there can be a layer-dependent
variability in the Chl. a content determined by
spectrophotometer and HPLC, due to the in-
creasing fraction of degradation products with
depth (Sun et al, 1994; CARIOU-LEGALL and
BLANCHARD, 1995; LucAs and HOLLIGAN, 1999)
which may concurrently cause decreasing reli-
ability of the spectrophotometric method
(DAEMEN, 1986; BARLOW ef al., 1990). In the
spectrophotometric method, we employed two
different extractants for Chl. a, such as 90%
aceton and N,N-dimethylformamide (DMF),
the latter also used for HPLC measurements.

2. Materials and methods
2.1. Study area and sampling procedure

We collected the sediment samples for chlo-
rophyll a(Chl. a) measurements at five stations
located on a sandflat of a tidal estuary in the
Seto Inland Sea (Fig. 1), where a multidiscipli-
nary project is in progress on the cycling
biophilic elements (MONTANI et al., 1998; MAGNI
and MOoONTANI, 1997; 1998; 2000; MAGNI et al.,
2000). Sampling occured on 3 different dates,
during a spring low tide: October 20 (Stn. B4),
November 19 (Stns. B5 to B1) and December 18,
1997 (Stn. B4). On each occasion, we randomly
collected emerged sediment samples at 7 to 8
spots of a station, using an acrylic core tube (3
cm id.) gently pushed by hand into the sedi-
ment. Both the surface (0-0.5 cm) and subsur-
face (0.5-2 cm) layers were carefully extruded
and sliced off the sediment. Sediment samples
from the same layer were pooled together and
brought to the laboratory within 2 h for further
treatment and analysis. Additionally at Stn. B4,

we collected sediment samples at lower layers
(each next cm to a 10 cm depth), on October 20,
1997.

2.2. Sediment treatment and analysis

In the laboratory, chlorophyll a (Chl @) and
phytopigment degradation products (i.e. total
pheopigments) were extracted from duplicate
subsamples of wet sediment (ca. 1 g) using ei-
ther 90% acetone of N,N-dimethylformamide
(DMF). After 24 h of darkness at 4°C, the sam-
ples were sonicated for b min, centrifuged at
3000 rpm (1000 X g) for 10 min, and extracts
were spectrophotometrically analysed for Chl.
a and pheopigment content. Chl. a and pheopig-
ment values were obtained, using either
extractants, before and after acidification with
1 N HC], respectively, according to LORENZEN’S
(1967) method, as described in PARSONS ef al.
(1984), where the volume of water is substi-
tuted by the dry weight (DW) of the sediment
expressed in gram. Values were expressed as
# g g ' and corrected for porosity, as measured
by the water content. This was obtained after
drying duplicate sediment subsamples at 105
°C for 20 h. Concurrently on each occasion and
station, we determined, from the same sample,
the Chl. @ content by HPLC using DMF as an
extractant, according to Suzukl and ISHIMARU
(1990). The apparatus used for the HPLC pig-
ment analysis consisted of 2 pumps (Jasco 880-
PU intelligent HPLC pump) driven by a
gradient programmer (Shimadzu C-R5A), an
injection valve with a 200 ¢! loop (Rheodine
7125) and a fluorescent detector (Jasco 870-UV
intelligent UV-VIS) with a 8 1 flow cell
Cromatographic separation was carried out
with a Toso TSK gel ODS-80 TM, ¢ 4.6 mm, 250
mm column. Absorbance for Chl. a was set at
440 nm. The solvents for the HPLC gradient
used were as follows: solvent A was methanol:
water:ion pair solution (7:2:1, v/v/v); the ion
pair solution consisted of 0.75 g tetrabutyl am-
monium acetate and 3.5 g of ammonium acetate
dissolved in 50 ml redistilled water. Solvent B
was methanol and ethylen acetate (4:1, viv).
The flow rate was 0.8 ml min ' and the gradient
was linear. The program utilized was 30 min
long. It started with 509 of solvents A and B,
reached 1009 solvent B in 10 min and stayed
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with 100% of solvent B until the end. Standard
solutions of Chl. a were obtained from Wako
pure chemical.

3. Results and discussion

The chlorophyll @ (Chl. @) content deter-
mined using the three different procedures
gave similar results at the surface layer (0-0.5
cm), irrespective ot the station and the sam-
pling occasion, with mean values of 7.0 and 7.2
ug g for the spectrophotometric and HPLC
methods, respectively (Table 1). In contrast at
the subsurface layer (0.5-2 ¢cm), the mean Chl.
a varied remarkably from 66209 to 35+ 13
#g g', as determined by spectrophotometer
using 90% aceton and by HPLC, respectively
(Table 1). At this layer, the former procedure
gave Chl. a estimates significantly higher than
those obtained using both the spectrophoto-
metric and HPLC technique and DMF as an
extractant (p<0.05 and p<C0.001, respectively;
Table 1).

Accordingly, the Chl. a content at the subsur-
face layer resulted to be 94.5%13.7 and 70.1+%
19.4% that found at the surface when spectro-
photometrically determined using 90% aceton
and DMF, respectively, and 47.7+16.9% when
determined by HPLC (Table 1). Such differ-
ence in Chl. a estimates among procedures was
consistent through the vertical profile, being

remarkably higher those determined spectro-
photometrically and extracted by 90% aceton
down to the 4-5 cm layer (Fig.2). At the 6-7, 8-
9 and 9-10 cm layers, Chl. a determined
spectrophotometrically varied from 1.1 to 2.1
1 g g', while it was not detected by HPLC
(Fig. 2).

The study by DAEMEN (1986) indicated that
the difference between Chl. a values estimated
by spectrophotometer or by HPLC in surface
sediments samples from the Oosterschelde Es-
tuary (the Netherlands) was not likely to be
more than 20% on average. In a subsequent
work carried out in intertidal areas of the same
estuary, DE JoNG and DE JoNGE (1995) adopted
a conversion factor of 0.7 to make spectropho-
tometer and HPLC estimates of Chl. ¢ in sur-
face sediments comparable, where spectropho-
tometer value, 0.7=HPLC value. The results of
the present study show that in our study area
the Chl. ¢ in the uppermost layer (0-0.5 cm) of
the sediments estimated by the llceoser spe-
ctrophotometric method is reasonably similar
to that estimated by HPLC. This in a agree-
ment with the results of earlier studies by
BARLOW et al. (1990) and by PLANTE-CUNY et al.
(1993). In contrast, at lower layers a strong
overestimation occurred when the Chl a con-
tent was estimated by spectrophometer, most
remarkably using 909 aceton as an extractant.

Table 1. Chlorophyll @ (Chl. @) estimates at the surface (0-0.5%) and subsurface (0.5-2cm) layers of intertidal
sediments and the ratio between layers, using the spectrophotometer method and either 90% aceton or N,N-
dimethylformamide(DMF) as an extractant, and the HPLC method (DMF as an extractant). ANOVA: single
factor; *: p<{0.05; * * *:p <0.001; * * * *:p <0.0001; ns; not significant)

Sampling date Station Surface (0-0.5cm)

Subsurface (0.5-2cm)

Subsurface,”Surface

Spectrophotometer HPLC Spectrophotometer HPLC Spectrophotometer HPLC

Aceton DMF DMF

Aceton DMF DMF

Aceton DMF DMF

(egg D (uggH)(ugeg™D (ugg™) (ugg™) (g g™ ratio (%)ratio (%)ratio (%)

20 Oct 1997 B4 59 54 5.8 5.2 25 1.0 88.1 46.3 17.2

19 Nov 1997 B5 6.6 7.2 7.0 7.2 4.0 34 108.1 55.6 48.6
B4 6.7 5.7 6.1 7.1 5.7 3.5 106.0 100.0 574
B3 6.9 7.7 8.1 54 7.1 5.2 78.3 92.2 64.2
B2 6.5 6.5 7.3 7.2 45 4.5 110.8 69.2 61.6
Bl 8.2 8.3 74 6.7 54 3.8 81.7 65.1 514

18 Dec 1997 B4 8.2 79 8.4 7.2 49 2.8 87.8 62.0 33.3

AVG 7.0 7.0 7.2 6.6 49 35 94.5 70.1 47.7

SD 0.9 1.1 1.0 0.9 14 1.3 13.7 194 16.9

Anova: Single Factor

Spectrophotometer (aceton) ns * % % * ok % %

Spectrophotometer (DMF) ns * * * *

ns ns * ns
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Fig. 2. Vertical distribution of chlorophyll a (Chl @)
content using the spectrophotometer method
and either 90% aceton or N,N-dimethyl-form
amide (DMF) as an extractant, and the HPLC
method (DMF as an extractant) (20 Oct. 1997).

Our HPLC measurements indicated the pres-
ence of living microphytobenthos in the non-
photosynthetic active layers of the sediments
down to 7-8 cm layer (Fig. 2). Several studies
indicated that microphytobenthos can growth
heterotrophically if light is not available
(CaDEE and HAGEMAN, 1974; HELLEBUST and
LEWIN, 1977; DARLEY et al., 1979; PELETIER, 1979),
even surviving for many months (GARGAS and
GARGAS, 1982). Vertical migration by epipelic
benthic diatoms may be related to the effect of
tidal waves and currents (STEVENSON, 1983;
KINGSTON, 1999) and tidal cycle (PINCKNEY and
ZINGMARK, 1991). Sediment reworking by
macrozobenthos, abundant on this flat (MAGNI
and MoNTANI, 1998; MAGNI et al., 2000), may also

represent an important factor of microphyto-
benthos transport in the sediments (BRANCH
and PRINGLE, 1987; ALLER, 1988). However, the
decrease of the living fraction of microphyto-
benthos occurred rapidly with depth (Fig. 2).
This was consistent with previous studies con-
ducted in intertidal sediments (BARLOW et al.,
1990; SuN et al, 1994; CARIOU-LEGALL and
BLANCHARD, 1995; DE JoNG and DE JONGE, 1995),
suggesting a progressive increase with depth
of photosynthetic degradation products
(Lucas and HOLLIGAN, 1999) whose reliable es-
timates can only be obtained by chroma-
tographic quantification (BARLOW et al., 1990).
We conclude that the more practical and rapid
spectrophotometric method can be reasonably
employed to quantify the living fraction of
microphytobenthos in the surface sediments of
the flat under investigation. At lower layer,
only relying on either aceton or DMF extrac-
tion of pigments and spectrophotometric deter-
mination is likely to lead to an overestimation
of the Chl a content up to >509%.
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Seasonal variation in sea surface temperature around
Java derived from NOAA AVHRR

Suhendar I SACHOEMAR ™ and Tetsuo YANAGI™”

Abstract : An observation of Sea Surface Temperature (SST) by using NOAA AVHRR data
was conducted in the Java Sea and the Indian Ocean around Java in order to understand the
seasonal variation and its spatial distribution during the period of 1995-1997. SST characteristic
in the Java Sea was found to be significantly different from that in the Indian Ocean. Semi
annual variation is dominant in the Java Sea, while in the Indian Ocean, annual variation is
more dominant. Mean SST in the Java Sea is higher by 1-2°C than that in the Indian Ocean,
while SST maximum and minimum is higher by 1-4 °C. SST in the Java Sea is mainly affected
by net heat flux through the sea surface, while that in the Indian Ocean is influenced by the

upwelling related to monsoon.

Key words : SST, NOAA AHVRR, around Java

1. Introduction

The Java Sea and the Indian Ocean around
Java is the most important area for the eco-
nomical activities in the western Indonesia.
Both areas are characterized by different situa-
tion in terms of the economical activities and
the environmental condition. The Java Sea ex-
isting between Java and Kalimantan is a shal-
low water. In this area, the activities are
various from heavy industry, off-shore gas
drilling, agriculture, coastal fishing to the
transportation as a consequence of the urban
concentrations in the northern coast of Java
and southern coast of Kalimantan. While the
Indian Ocean is an open sea and deep water.
The main activity in this area is coastal and
open sea fishing due to high productivity gen-
erated by the upwelling.

To understand the oceanographic and the en-
vironmental condition within these regions,
some expeditions and investigations have been
conducted by using expensive conventional
methods with research vessels to derive a
numerous oceanic parameters including sea

* Interdisciplinary Graduate School of Engineering
Sciences, Kyushu University, Fukuoka

** Research Institute for Applied Mechanics
(RIAM), Kyushu University, Fukuoka

surface temperature (SST). In the Java Sea,
some expeditions to obtain a series of physical,
chemical and biological data at some areas
along the northern coast of Java have been
conducted to reveal a basic knowledge of
the environmental condition (LIPI, 1980 and
1981). While in the Indian Ocean, some observa-
tions have also been carried out to unders-
tand the upwelling processes (WYRTKI, 1962;
RACHFORD, 1962; PURBA, 1995; SOERIATMADJA,
1957; PARIWONO et al, 1988) and water pro-
ductivity from chlorophyll a concentration
(NonNTJ1, 1977 and SETIAPERMANA ef al, 1992).
However, the knowledge of the temporal and
spatial distributions of SST were still limited.
SST is well known as a key parameter for de-
tecting current, front, eddies and upwelling.
Since SST data are needed for integrated study
of the marine environment within these re-
gions, a reasonable cost to retrieve a regular
and continuous data should be selected. Satel-
lite remote sensing data from NOAA (National
Oceanic and Atmospheric Administration)
AVHRR (Advanced Very High Resolution Ra-
diometer) can now offer an effective aid to
solve such demand. Hence, the utilization of a
synoptic time series SST data derived from
NOAA AVHRR in our study is expected to
complete the lack of information on the marine
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Fig. 1. Study area, bathymetry ( meter ) and SST sampling point in the Java Sea and the

Indian Ocean.

environment condition within these regions. In
this study, SST variation of the Java Sea and
the Indian Ocean around Java will be described
by analyzing the monthly mean SST variabil-
ity. The upwelling phenomenon in relation
with marine fish production will also be dis-
cussed.

2. Study area

Study area between 103-113°E and 4-10°S
covers the Java Sea in the northern part and
the Indian Ocean in the southern part. While in
the western part and eastern part, the area is
bounded by Sunda Strait and Bali Strait, re-
spectively. These straits connect the Java Sea
to the Indian Ocean and vice versa. Bathy-
metry of the Java Sea is less than 200 m and
that of the Indian Ocean is more than 1000 m
(Fig. 1).

3. Data collection and analysis
A time series of mean monthly SST of NOAA
AVHRR satellite data derived from 1995-1997

in Version 4.1 with resolution of 9 km were ob-
tained from NOAA Pathfinder to study SST
variation in the Java Sea and the Indian Ocean.
The AVHRR data are obtained by using a non-
linear Sea Surface Temperature (NLSST) algo-
rithm of Version 4.1. The data were validated
and calibrated by match up of the AVHRR
data and the in-situ observation data derived
from TOGA (Tropical Ocean Global Atmos-
phere) and TAO (Tropical Atmosphere Ocean)
buoys and it provides a high accuracy data
with a negative bias of 0.1-0.2°C (VAZQUEZ et
al., 1998). HELLERMAN and ROSENSTEIN (1983)
monthly wind stress data with resolution of
2° % 2°, bathymetry data of the National Geo-
physical Data Center (NGDC) with resolution
of 5" X5 were also collected to support this
study. To understand the characteristic of SST
variation in the Java Sea and the Indian Ocean,
the mean monthly SST during 1995-1997 were
mapped. To obtain a specific information of
SST wvariation, SST at some points in northern
and southern coasts of Java were also sampled



Seasonal variation in SST around Java 67

from the mean monthly SST of each year. SST
data of the Java Sea and the Indian Ocean were
then analyzed by Fourier analysis to obtain an
average, amplitude and phase of SST variation
during 1995-1997. The equation of Fourier
analysis is described on the below:

T, = A,+ A, sin wt+ By cos wt
+ Ay sin 2wt + By cos 2wt srereereenee [€))

Where:

T, : SST at time ¢

A,: Average SST

w : Angular frequency with the period of 1

year
A, and B, : Constants for annual variation
A and B : Constants for semi annual varia-
tion

The amplitude and phase of the annual and
semi annual variations were then obtained by
the equations :

Amplitude of annual variation (Apl) :

(AlZ+B12) L/2 iiiiiieeeenraceitiirisiasananane (2)
Phase of annual variation (Phl) :

tan"(Bl/Al) ................................. (3)
Semi annual amplitude (Ap2) :

(A 22+B22) L/2 o iiieiensenseneninsassasasstanaos (4)
Semi annual phase (Ph2) :

tan"(Bz/Az) ................................. (5)

To support this study, sea surface heat flux
was also calculated on the basis meteorological
data at Jakarta, oceanographic data at Jakarta
Bay and equations of KiM and KiMUra (1995),
EriMova (1961) and Konpo (1975). While to un-
derstand correlation of the upwelling existence
on the marine productivity within these re-
gions, a series of fish production data at some
places in northern and southern coasts of Java
as well as their SST variability were also ana-
lyzed.

4. Results

Temporal and spatial variations of the
monthly mean SST in the period of 1995-1997
around Java are shown in Fig. 2. During the
northwest monsoon from January to March,
SST in the Java Sea and the Indian Ocean show
almost the similar range, that is within 28-29
°C. Entering to the transition period of April to
May, SST in the eastern part of the Indian

Ocean begins to decrease from 28 to 27°C. Dur-
ing the southeast monsoon from June to Sep-
tember, SST gradually decreases and reaches
to the lowest level less than 25°C in the Indian
Ocean in August and September, and low SST
spatially propagates to the western part. In the
southeast monsoon, SST in the Indian Ocean is
lower by 1-4°C than that in the Java Sea. On the
other hand, SST in the Java Sea during the
transition period of April to May slightly in-
creases from 28-29°C to 29-30°C and decreases
to 27-28°C during the southeast monsoon. In
the transition period of October to November,
SST in the eastern part of the Java Sea gradu-
ally increases to 28-30°C and SST in the eastern
part of the Indian Ocean to 27-28°C. During the
transition periods of April to May and October
to November, SST in the Indian Ocean is lower
by 1-2°C than that in the Java Sea.

Temporal variations of SST at representative
stations are shown in Fig. 3. Stas. 24 represent
the SST variability in the Java Sea and Stas.
6-8 in the Indian Ocean. SST variation in the
Java Sea shows the different character from
that in the Indian Ocean. Semi annual variation
is dominant in the Java Sea, while annual
variation is dominant in the Indian Ocean. SST
in the Java Sea is slightly fluctuated within the
range of 27-30°C with semi annual oscillation
during 1995-1997. While in the Indian Ocean,
SST variability is larger and fluctuated within
24-30°C with annual oscillation in 1995, 26-30
°C in 1996 and 23-29°C in 1997. Moreover, SST
maximum in the Java Sea ranged 29-30°C and
occurred twice a year in April and November.
While SST minimum in the Java Sea ranged 27
-28 °C and occurred in January and August. In
the Indian Ocean, SST maximum ranged 28—
29°C and occurred once a year in April. While
SST minimum in the Indian Ocean ranged 23—
27°C and occurred in September.

The average SST from 1995-1997, the ampli-
tude and phase of annual and semi annual SST
variations in the Java Sea and the Indian
Ocean, which were obtained by Fourier analy-
sis, are shown in Fig. 4. The results show that
the average SST in the Java Sea is higher by 1
—2°C than that in the Indian Ocean. The ampli-
tude of SST in the Java Sea shows the semi an-
nual variation with range of 0.5 to 1.0°C. This
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Fig. 2. Average monthly SST (°C) variation during 1995-1997.
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Fig.3. Monthly mean SST variations during 1995-1997 at some sampling points in the Java Sea

and the Indian Ocean.

value is smaller than that of the annual varia-
tion of SST in the Indian Ocean with range of
1.0 to 1.5°C.

Temporal and spatial variations of wind
stress are shown in Fig. 5. During the north-
west monsoon from January to March, the
northwesterly wind over the Java Sea is weak.

Entering to the transition period of April to
May, the southeasterly wind gradually in-
creases and reaches to the strongest level in
August and September. During such period,
the northwesterly wind is disappeared. The
southeasterly wind is then weakened entering
to the transition period of October to
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Sea and the Indian Ocean.

November.

5. Discussion

Bathymetries of the Java Sea and the Indian
Ocean are significantly different and such con-
dition reflects on the difference of SST charac-
teristics between these areas. The Java Sea is
shallow water where the depth is less than 200
m, while the Indian Ocean is a deep water

where the depth is more than 1000 m. This
situation obviously affects on the characteris-
tic of SST variation.

Mean monthly SST in the Java Sea is rela-
tively higher by 1-2°C than that in the Indian
Ocean. It is due to the effect of subsurface cold
water in the Indian Ocean. SST variability in
the Java Sea may be mainly governed by the
net heat flux (Qnet) variability which shows a
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Fig. 6. Mean annual heat flux (Wm 2 around the Java on the basis of the data from Meteoro-
logical Agency, Indonesia, during period of 1931-1960. Qnet, Qs, Qb, @h and Qe are net heat
flux, short-wave, long-wave, sensible and latent heat fluxes, respectively.

semi annual variation as shown in Fig. 6. While
in the Indian Ocean, SST variability mainly in-
fluenced by the monsoon where annual varia-
tion becomes more dominant. SST maximum
in the Java Sea occurs in the transition period
of April and November when the sun crosses
the equator and the net heat flux (Qnet) is
large. While SST minimum in the Java Sea oc-
curred in January due to the small net heat
through the sea surface. Also in August, SST
minimum occurred due to another small net
heat flux. On the other hand, SST minimum in
the Indian Ocean occurred in September in the
eastern part due the strongest upwelling that is
generated by the sea surface Ekman transport
as response to the strongest southeasterly
wind. This situation has been occurred from
June with the westward propagation of low
SST minimum and reaches to the peak of the
upwelling with minimum SST in September.
This situation was confirmed by the result of
spatial distribution of the lower SST in time
function during the upwelling period of the
southeast monsoon and the effect of the south-
easterly wind speed on the SST at the same pe-
riod as shown in Fig. 7.

Previous study (WYRTKI, 1962 and PURBA,
1995) described that the upwelling in the
southern coast of Java, the Indian Ocean, was

developed during the southeast monsoon (July
-September). But our results shown in Fig. 2,
denotes that the upwelling begins in May and
ends in November. Figure 2 and 3 also show
that the occurrence of upwelling within this re-
gion is different between the eastern part and
the western part. In the eastern part, the
upwelling developed earlier than that in the
western part as well as for the ending. This
situation is supported by the wind stress
shown in Fig. 5, that is, the southeasterly wind
begins to develop in April and still exists in No-
vember in the western part. Though the
upwelling has already ended in the eastern
part in November, the upwelling process is still
occurred in the western part. It is obviously
seen on the SST status in November where
SST in the eastern part was higher than that in
the western part following the weakening of
the southeasterly wind entering to the transi-
tion period, while in the western part, the
southeasterly wind was still strong. Neverthe-
less, more detail investigation through the
comprehensive field observation should be
conducted to confirm that situation. Our result
also noticed that the strongest upwelling was
occurred in September in the eastern part. It is
shown by the appearance of the coldest water
along the coast spreading offshore up to 100
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Fig. 7. Wind speed (A) and SST (B) distributions along the southern coast of Java, Indian
Ocean during the upwelling period of June-November.

km as shown in Fig. 2.

The existence of the upwelling along the
southern coast of Java has provided a good im-
pact on fish production as shown in Fig. 8. Fish
production in the Southern Coast of Java dur-
ing the period of 1995-1997 was significantly
higher than that in the Java Sea. Moreover fish
production during the upwelling season from
June to November was greater and regularly
reach more than 900 ton month ' through the
year. This situation indicated that the
upwelling area in the southern coast of Java is
more productive than that in the Java Sea
where the upwelling was not occurred. The
fish catch mostly composes of skipjack, blue
fin tuna and yellow fin tuna, an oceanic and
seasonal migratory fish that has strong correla-
tion to the seasonal upwelling in the southern
coast of Java.

6. Summary and Conclusion
SST variabilities in the Java Sea and the In-
dian Ocean show the different characters, that

is, semi annual variation is dominant in the
Java Sea, while an annual variation is domi-
nant in the Indian Ocean. Average, maximum
and minimum SST in the Java Sea is higher by
1-2°C than those in the Indian Ocean due to the
effect of the upwelling. In general, SST vari-
ability around Java is controlled by bathy-
metry, net heat flux (Qnet) and monsoon. SST
in the Java Sea is mainly controlled by the net
heat flux, while that in the Indian Ocean is
strongly influenced by the monsoon. SST in
the Java Sea slightly changes throughout the
year but in the Indian Ocean, SST dramatically
changes through the seasons. The existence of
the prevailing southeasterly wind during the
southeast monsoon is a main factor causing the
upwelling phenomenon in the southern coast
of Java and it promotes fishing activity due to
the increasing of marine productivity. To re-
veal more detailed upwelling processes in rela-
tion to the marine productivity within this
region, the utilization of ocean color images is
strongly recommended for the future study.
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Ontogenetic intervals based on the development of swimming- and

feeding-related characters in the hexagrammid, Hexagrammos
agrammus, larvae and juveniles

Hiroshi KoHNo*, Yutaka KURITA** and Tadahisa SEIKAI***

Abstract : Based on the development of swimming-and feeding-related characters, ontogenetic
intervals of larvae and juveniles were established for Hexagrammos agrammus. Consequently,
the following four and three phases were recognized by the development of each function.
Swimming: 1) the phase in which the larvae swim by using the whole body (from hatching to
five days after hatching, D-5); 2) the phase in which the larvae swim by using both the whole
body and caudal fin (D-5-D-15); 3) the phase in which the propulsion force generated by the
caudal fin is effectively used by using the whole body (D-15-D-25/30 : the former period being
recognized as a sub-phase in which a more or less complete swimming ability being attained);
4) the functional juvenile phase with complete swimming ability (beyond D-30). Feeding : 1)
the phase with the feeding mode of sucking (from hatching to D-10); 2) the phase in which the
sucking ability increases (D-10-D-25/30: the former period being recognized as a sub-phase in
which dharacters associated with biting develop; 3) the functional juvenile phase with com-
plete feeding ability (beyond D-30). Relationships between these morphological changes and

ecological changes under artificial rearing and natural waters were discussed.

Key words : Hexagrammos agrammus, larvae, juveniles, functional development
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HEPHEHBBRIICBE S NLB/MAK & 2D 3Lk H
BicHE W T -7, B8, FHADTHOEEIC>L
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ARFFE THA U 7288413 4 N THREUKEE R KEER
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3 # B
31 B E

SMEYE (D0 offfnkk CPHLEERZE)
808+0.18 mm (7 &) T -7 (Fig. 1A), % D&,
AEEEB AL, D10 1001056 mm (6 @
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L1, DH0OICIRIEATHEH 279 mm icZEL

(Fig. 1A),

3.2 WXKICETEEE

BEXRGHOAE DOTT TR TEEDSED 2 @
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AE IR 4106 & 188ETH -7 (Fig. 1B), ¥, -
FRUBEHRE S - LR b K S MEAKIE 835 mm (D-0)
Th-too BRAMWEDO LERW - D ET9H, LHE
DSSERE L 1z &M T & 72D 13 D-20 O 13.0 mm DERKT,
AERNIETH -7, BB, RKREXTIEI D25 D 124
mm BE/MERTH 1o T OHROBREKBE O ME
1330~40f 8 THR L 72 (Fig. 1B),

BEOZHBLEIRE EHOEBER T TIK DO
OFE8MmmTHEL, #BTRESBED NI, T
EELEDOD814mmTHEL <, D5 D 907TmmT
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HERTHEAR O MR SFY « BB L OB 2, 3 BEEHERTHEER D
MESMY « BOHEL 7. B 2 EEHIHE MRS
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TRESLABIVETRELETREE L + 2 0FAH)
WAL, 510K 2 BEMIMAOMERE LS (h
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TRONITATH -7 (Fig. 10), THTH29+8=
1713 D15 (11.0mm) TER Sk, £DHIEER
S DRSS KR A ICHEZ, D40 TRIRLE L (Fig.
10,

EHEXFELEHESE BYICTEXSEESHELL
DiE D-15 OFE 110 mmOBET, 4 AD0EiatEs
R E D PPRFICHD SNt, EAHEEE L D15
D115 mmOMEE TR SEBHBE L, §XTOD
W ALHEEE & EAHEER 13 D-25 © 138 mm D& TR
Pl S i, (LB OBREIE D-30 (175 mm) T,
TTITNTCOEEFVLE LIED TV,

TaEEL 12 D-15 (119 mm) TRINCHEL, 134
DR R S (Fig 1D)o EHICEL 2D I3 D25
@ 156 mmPBRHITH - 72 (Fig. 1D),

BHEIHELBHERES RCBEXHESHELL
D& D-15 OFE 11.0 mmOMEE T, 12K OEAEEE
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Fig. 1. Growth (A) and changes in swimming-related characters (B-H) with days after hatch-

ing in Hexagrammos agrammus.
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BRI, HAHEEER L D-15 © 11.5 mm O fE{& T &
Bl T ESHER S N, TRTOEAAEES & B HEE
B D25 0 124 mmOERCTRAICHE L 72, LB
BASIZ D-30 (175 mm) T, 4 TIig<XTOHEEEH
{bE LD T,

BHERESS 12 D-15 @ 115 mm CRANIC6 AN HE L 72
(Fig. 1E)o BRANCERICE L/ DIF, D-25 ® 138 mm
DEEATH - 72 (Fig. 1E),

BMEOEZHFBLESE D0 OITXTOfK G&/IMEE
AR 786 mm) T, ¢ CREBOEEE LEH-E0
W, FHRERSHEERELTW i, 58, HHKRERKI
hiua BT BErnbd 0, BB TEELTVWE LD
D, FEF2ENSEL > T W, FESEEBATEE 3
D-15 (10.1 mm) THEL, &5iE/ETIIEBKE
wRohRoFHO FFicbMIERR SN, BAD
RESHE1E D20 (11.2mm) THE L, Bib O%EN
‘B D-25 (138 mm) THRANCHELL 2, BEDOHEK
T, BREEMEELED TV, D25 @ 156 mm®
FEATEEOEMEE LIBY T, D-30 (175 mm) T,
42N PNIEHBOTXTTILESED Shi,

HakEESS 12 D-0 O TRIEE LIS - 72, Hukeks
EESORNOMEKIZ DS D 9.0TmmT, 5AKADESR
MRERH oSN (Fig. 1F), MEBEKSEIICERICEL
72DiE D-25 (124 mm) TH -7, (Fig. 1F),

BHOZHBLERX REEOEFE D10 0KE
933 mm DR THRINCHEAL 72, BKEE & bIcHiA I
B, BHO{tEiE D20 (13.0 mm) THEES iz,

D-25 DK 138 mm DK THEINICIEEES (44
BERHonte (Fig. 1F), EHICELADIE D30 @
175 mm OEEBREYITH - 7= (Fig. 1F),

BHE D0 OB/NMAKTH 21KE 7.86 mmo kT
T I FHAD S43F [ TOMETPI & 18K HD 543
FHE oM, BXUIBRELEDOIIEDME =R
CISEHLBOUMOIMERSHEAL TV, D5 D
907 mmaOMEETIE, b- & bRID2MOMBESIT « ik
BB BB L, T _RTOMESEY « BHSHELL 2,
TRTOMRSF « BAHEL DI D5 D 9.69 mm
DEATH -7z, MESM - WOEBR SN DIE
D-10 ® 933 mmAHmHIT, £, TOMETRYHT
HEEDSHTA 225 5 HHEE L zo D-20 © 13.0 mm @ (&
TRENTOMRESHY « BEMESF « BB IS
D, TRTOMHEBOGHE L7, LrlL, HEBRELES
O 5T HTRBIET, 6BHUBIIM F,»SH B &
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TEHEABROITH - 72,
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1849, % DHIiE(32.16~341 mm, 17.3~294%TH -
720 %72 D-30 TR 4 4.34~519 mm, 245~2529%,
6.47~8.43 mm, 36.9~43.8% T - 720
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L4 ~12KREE 5 Fe TDOBRBPPEVETY 300
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TRILATH -7z (Fig. 20,

TN D25 D138 mmTHE L, FEIZ 2 A% -
7z (Fig. 2D), D-30 THLABITHEML T 3 ~104K75
HEHL, 20%BEWE2PICHEML 72, D40 Tll~14
A, D-46 T11~13%K, D-50 TI4ATH -7 (Fig. 2D),
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BTV, D10 (933 mm) 12735 &, DHEREEH—
BERKESEREL, | KOEATKORBIREIE L 1.
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Width (mm)

Ratio (%)

No. of teeth

No. of teeth

25

20

15

1.0

0.5

0.0

70
60
50
40
30
20
10

18

16

14
12
10

O N o ™

7 AR ORB R

agrammus.

[ A: Mouth width o
o}
8 (o]
8. °
g ° " °
g © :
9
0 10 20 30 40 50
o
o g 8
o}
g g § o] g 8 o]
0 o
K
B: Prem./Gape
0 10 20 30 40 50
C: Upper jaw teeth °
o
- o)
e}
- 0 o)
o} o) o
- 0
3 o O
I o)
- o O
0
3 d o o
cb O O Oo OC 1 1 ]
0 10 20 30 40 50
D: Lower jaw teeth
H o) o)
0O o
3 o
o o
- o}
o
- o O
o
o
o
o)
o
0 10 20 30 40 50
Days after hatching
Fig. 2.

Number

No. of teeth

No. of teeth

7
6 o O 0O O 0O O o o O
5 O O
4 [e]
3
2
1 E: Branchiostegal rays
0 1 1 1 1 J
10 20 30 40 50
30 r
F: Upper pharyngeal teeth
25 | o o
o O O
20 o (o]
o O (o]
15 | O
O O
10 | o 9
8
5t 0 8 8
8
885 .
0 10 20 30 40 50
20 r
G: Lower pharyngeal teeth o
o O
15 (o]
O
(o]
0] (o]
0 L o O
(¢]
o O
o]
5 0O O O
QO O
Q
o O
O O
00 1 1 1 1 J
0 10 20 30 40 50

Days after hatching

Changes in feeding-related characters with days after hatching in Heragrammos

81



82 La mer 38, 2000

/MBI D20 D112 mmT & » 72, BEEHEOHNBRIKE
ERBEREIE D20 (11.2mm) THERYICHE LK, O
HEDLBEIED-25 (138mm) THED Shic,

ERLBERE FOOMRERTHS TEKE, AT—
EERE, MEREFOTNTE, +TIRDO (B/NMEK
AR 786 mm) THER L/, &5, AEEWTI
LB bIEE > Tz, DHED YT mMmTIE LEE & FE
BOEOIEE -7, MEFDO{LE & D-10 (9.33 mm)

TADSh T,

#EZE 12 D0 DT NTOMEE E/NE786 mm) T

T ~2AKMBHBE LTz (Fig 1E), AKZEMIC
BinL, D-10 (10.0 mm) TEH®D 6 Az L 72 (Fig.
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HEEE D-0 (B/IMEKEAFAE 786 mm) T3 TIZ 1
~2AKD_LIHGESESHE L. (Fig. 1F), FHEE O
FHRA ML, D25IciE 8 ~11ARICE » oo 7 DI,
D30 TRAHLEMAR S H (13~21K), Z0#% I
DB RPEINA RSN (Fig. 1F),
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BEE RYICHIALCEFEFIEWERT, 471
Dﬂ(ﬁ¢@%d%ﬁ7%mm)f&ﬁbfmto
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Fig. 3. Schematic representation of the development of swimming-related characters with
days after hatching in Hexagrammos agrammus. O: cartilaginous elements or fin rays start
appearing, or notochord flexion start occurring; @®: bony elements start appearing, or carti-
laginous elements start ossifying; ©: all cartilaginous elements start appearing, fin rays be-
come complete in number, or flexion points of morphometric characters are observed; @:
all cartilaginous elements start ossifying, all bony elements start appearing, or notochord

flexion becomes complete.
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BT, HrORICE, RBELOHKFEOHBEMELH
BTLICE AN T ATRLUI, E1., UTOREERME
DOHTIR, BAEREEITIY, KEMIRHLTE

FEAMEE 7 O A OBEKEREOREE, UTOL5 I
ABRBED S 12 5 s s (Fig. 3o

R Ak (SAEHAER 8 mm]~D-5 9 mm]) :
T TSI, MR MERS LB L T, &
hiz, ©PEWY 3 2BoEE RS TEKT 5709
I, REERRLTVWBEEEZ LN, T, EBEOE
WEE T, MHMLEHRP SESELZROETEKLT
Wi,

AR + 2 (D5 [ 9 mm]~D-15
(# 11 mm]) : fEECMEMSRIICSTR L, B
HHEDEEL D HIEE LB 5, & S5 IBRANRD LR b
T8, BREREROEHE BEERZORER, BHIC
KBS OEMER L TWS (flAIEKonHNO et al,
1983), 7z, MRS IMEROFER, RBEOHET
KB > THRFIEA DT ET, JOFROBVHE
HEhHEBTWELEDEZ SNS (FlZ IXGOSLINE,
197, 2hoo Ehs, o, Eedick
BilEkITic, REBIC X AHEETIAS IO ZRTH 5 L
Wrah s,

N5y 5 (D-15 (49 11 mm]~D-25,/D-30 [#
13~17mm]) : T OEHITIE VA WA RIEEN /LY
H Ut 29, BoAAE L 20MBREMASR ST
D, THREES ZRENORLEERLTVWE EEZ SN
% (ALERv, 1963 ; KoHNO et al., 1983, 1984), iFiE
LBEDES S B LIEY, D20 £ T MR
BHOTNTHEE LT RTOME BT 5, hb
OB OFBPLFEIZ, GosLine (1971) HHEHL TV
BiHi, BEHENCLIEOETLERIEIL, B
CEBHENA L VBV LEDET B, S OICRERESD
sk L, BRAMBOBMOTE T $5, LEDol
Eps, BEICEBHEMEL v RBAREE S £CRIAL
PRI E -tk N T v R L KBS L, BIKEED
DR DELET A THEEEZL SN,

D25 2530 TIHIRBEL R ERETH & &2
5N %, L, BEEOERNRREET, &5IRkANK
EOZOMBE TR D30 KEMASED SNE T LD
5, TOHRSERENOBITHIT, x5 v REKPEO
—TH B LHMW L 7,

sERkHR (D-30 [(#917 mm] LK)  #EwkicBEd 578
BOHBRELRETL, FABRAESPZOMEICD
EMEAA LN, LEd-T, TOHIE, RBRLl
T OWKEEN DR SN b D S HM L 7o

IEEEREE -, BERfEoRER, LT O3B
AL Xosht: (Fig Do

AL EE (b [AE#8 mm]~D-10 {910 mm]) :
SMEBFc T TIcBIOL, EBRETHOMMB OREAL
BHBEL TV, S5IOBELERT IBEFLHESO

HREROBEALHHEAL, VW OLOERTRIT
WCALB DA E » TWO iz, FIIOFREOEBEEED
I THEBR VAL (GosLing, 1971; OTTEN, 1982
KouNo et al., 1996a, 1996b, 1997) 23, T o k>4 0O
MR T 2B ORER, HORVIAABESNT TIT
DROHBEIEERLT VD, £7, TTRFELTL
ZESECHER S, IMRNBEAED 2 NERMAELT
W3, FUREANG I SEREIC, & 7< TIHEESE D5 & 5 %
T A, GosLne (1971) kb &, MHIEHEERHS A
AR LABEICEVACE IR E, THH6DI L
P, SHMEEHDL S, BVALBHEVSHATRES S
2, TTCUEVEENEHA TV D LYW TE 5,

BEER R VA AR (D-10 [#9 10 mm]~D-30 [#y 17
mm]) : NFEIT 5D 3R FEFOEEH—EILE 558
CNEOOBMEMRL R D EEENIcEE EEZ SN S (i
Z 1EKouNo et al., 1983, 1984), MEELEKT 2EHZD
{LBAIZIF5ET L, BEGOBRE S(LESRT IO,
CHRMOENOREZ L V&L TN ELE
%79 GAE - BH, 1998), Lot tns, T
Mz, 25BN OO S SVEREICL - T,
DI D RS IR VASBIEAIT) D EEA 5N S,
MG & UM D-16 & D25 IcHIE LiE» 308, &
ORI LEET 5 2 &5, WA EHERICEE
SHWwEHM I, UL, D25 ((AEK I3
mm)~D-30 OIS, WA ERXOERHEER S
N5,

ZEkH (D-30 [#917mm] LIF) - b« FEEfES b -
TFIRGES &, KENCBEEET B, ORI A
BEHONB, Lih-T, HRHLEOOKHME MO
BeDRREIC & 2R VAHBIEICMA THEAMN 2R % &
B4, MROBEERL IZTES L SHEEn,

753, KENDALL et al. (1984) @ EJR{T# (flexion
larva) D0 (38 mm) » 5 D-20 ($J13 mm) Th -
7o X5, BREEOEESDERN S ALHAE~NOEIZ
D-30 (B/MAKIZAELITSmm) T, BiEL» O A HER
~NOEALEFIE—F L T,

4.2 FEEERY - MAERRE LA RHREOME
2VAMBLENBETAFAETRE, SHMELLEROK
PRICh BRBEET, BEE»SHEVICHL
ZDBRINFEOEE RS, DEEELSKEERET LV
SR A% S CERL - tiE, 1991 ; M, 199D,
CITW, BEEEROS D, ik - BERRENTTRT
BRIERICHTT, NIRRT LABNLRELSE
DESEELTVWEDOIE2RET 2,
EREAEEORNE AETR, SHMLEED SEKERE
EIEREE D b ARREOREN 2R TVWE EEZ SN,
ThiE, EHh0BERICEIT AENRE LTS,
B S M icE B ThH 5 (Kouno el al, 1983, 1984,
1997; GR{E 5, 1997 ; Konno, 1998), #ilZ (& —Ak#HI7S
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Fig. 4. Schematic representation of the development of feeding-related characters with days

after hatching in Hexagrammos agrammus. O :

cartilaginous elements, teeth or

branchiostegal rays start appearing, or mouth starts opening; @®: cartilaginous elements
start ossifying, or bony elements start appearing; ©: all cartilaginous elements start
appearing, or flexion points of teeth number or morphometric characters are observed; @:
all cartilaginous elements start ossifying, all bony elements start appearing, or
branchiostegal rays become complete in number.
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Warm water structure that approaches to Kii Peninsula,

separated from the straight zonal Kuroshio Path

Yoshihiko SEKINE* and Takayuki OKUBO"*

Abstract : The warm Kuroshio water approach to Kii Peninsula which separates from coastal
(northern) side of the straight zonal path and shifts along the eastern coast of the peninsula is
frequently observed by the satellite thermal infrared imagery. Fortunately, we could observed
the Kuroshio water approach to Kii Peninsula by Training Vessel “Seisui-maru” of Mie Univer-
sity in November 1997. The CTD and ADCP observations were carried out and the northward
shift of the warm water along eastern coast of Kii Peninsula was observed. The main results of
the observation is reported in this paper. It is detected that the warm water has a shallow thick-
ness less than 50 m. The warm water shift to northeastward along the eastern coast of Kii pen-
insula with a velocity of 30 cm sec™, which agrees with those of Kimura and Sugimoto (1993,
2000) observed by direct current measurements. The observed northeastward velocity also
agrees with that evaluated from satellite infrared imagery. It is suggested the velocity of 30 cm
sec ' along the eastern coast of the Kii Peninsula is mainly due to the westward velocity given

in the separation process from the mean flow of the Kuroshio.

Key words : Warm water separation, warm Kuroshio water tongue, Kii Peninsula

1. Introduction

There have been various observations on the
approach of the warm water separated from
the Kuroshio to Kii Peninsula (TAKEUCHI, 1989;
KmMURA and SuciMoTo, 1987, 1990, 1993, 2000;
SEKINE et al., 1991; KaSAI ef al, 1993). It is
pointed out by SEKINE et al., 1991 that the warm
Kuroshio water approaches to the eastern coast
of the Kii Peninsula are classified into four
types; the shallow warm streamer around the
large cold water mass of the Kuroshio, the
water tongue and the large detached warm
eddy, both of which comes from the main axis
of the Kuroshio, and the main axis of the
Kuroshio. They also show that the warm water
approaching to the eastern coast of Kii Penin-
sula is furthermore classified into two types by
its thickness. One type is thinner than 100 m,
which corresponds to the warm streamers and

* Institute of Oceanography and Climate, Faculty of
Bioresources,
** Mie University,
1515 Kamihamachou, Tsu Mie 514-8507 Japan.

the warm water tongues. Another type is
thicker than 200 m, which corresponds to the
main Kuroshio axis and the large warm eddies
detached from the main axis of the Kuroshio.
It is also commonly shown by KIMURA and
SuciMoTo (1990) and SEKINE et al., (1991) that
the way of the approach of the warm water de-
pends on the bimodal path of the Kuroshio. In
periods of the large meander path, separated
warm water is mainly formed in western side
of the Izu Ridge south of Izu Peninsula and it
shifts westward. In this case, the warm eddy
approaches to Kii Peninsula from east and it
shift southward along the coast of Kii Penin-
sula. Conversely, in periods of non-large mean-
der path, as the main Kuroshio path runs
zonally south of Kii Peninsula, the warm water
comes from south and shifts northward.
Recently, KiMmura and SuciMoTo (1993)
showed that the spectrum of the current veloc-
ity by direct current measurements off Kii Pen-
insula has a dominant periods of 17-19 days
with a wavelength of 400 km and a phase
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Fig. 1. SST (°C) shown by NOAA AVHRR composite on November (a) 1~2, (b) 3~4, (¢) 5~6 (6.13
AM) and (d) 6 (14.02 PM) ~7, 1997. Small arrows indicate direction of the shift of the warm
water, estimated by the comarison of the sequential imagery map of SST. Stipple area in (b)

shows the cloud area.

velocity of 26 cm sec™'. Furthermore, KIMURA
and SucimMoTto (2000) showed that there exists
a phase velocity of 3 m sec™', which is esti-
mated as a topographic Rossby wave. Since
there exist many processes in the movement of
the warm eddy detached from the Kuroshio,
their classification and dynamics have not
been well understood.

To know the dynamic process of the warm
eddy detached from the main axis of the
Kuroshio, detailed internal structure of the
warm Kuroshio water should be observed more
clearly. In this context, we can luckily observe
a warm water approach to the Kii Peninsula by
use of Training Vessel “Seisui-maru” of Mie
University on 5-6 November, 1997. Composite
of the satellite imageries of thermal infrared by
NOAA 12-14 before and during the observation
are shown in Fig. 1. Although repetition of the
approach of the warm water is suggested on
1-4 November, a new warm water approach
which is indicated by isotherm of 21°C occurs
on 5-6 November and it shifts northeastward

along the eastern coast of the Kii Peninsula. We
have observed this warm water off Kii Penin-
sula by use of CTD and ADCP and its oceanic
structure has been clarified. Therefore, we
presents the main results of the observation in
this paper.

Details of the observation of the present
study are described in the next section. The re-
sults of the observation are given in section 3,
with a discussion in section 4.

2. Observation

CTD (MarkIl System of Niel Brown Instru-
ment Systems, Inc.) observations along the ob-
servational lines shown in Fig. 2. were made by
use of the Training Vessel “Seisui-maru” of Mie
University during 5—6 November 1997. Three
offshore observational lines are set off Kiinaga-
shima, Owase Bay and Kata Bay, to observe the
cross section of the warm water mass. The CTD
observational points are placed every one nau-
tical mile at the nearshore region and more two
nautical miles at the offshore region. In order
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Fig. 2. Observational points and lines of CTD of the present study on November 5-6, 1997.

to see the influence on the oceanic condition of
Owase Bay and Kata Bay, alongshore observa-
tional lines are set, which are referred to as OT
line and KT line, respectively. ADCP observa-
tions at depths of 10m, 50m and 100m were also
carried out along these observational lines.
CTD observation began at Station 1 of NC
line (Fig. 2) at 5 PM on 5 November and that of
the station 10 ended at three hours later. The
observation of OC line began at 20.5 PM of the
same day from the station 14 to the station 1,
and ended at 12 PM. The observation of KC line
began at 2 AM on 6 November from the station
14 to the station 1 and ended at 7.5 AM. In next,
CTD observations along the observational lines
off the Kata Bay (KT line) were carried out
from 8 AM at Station 1 and it took 30 minutes.
The observation of OT line began at 9 AM from
the station 1 and ended at 10 AM at the station
9. Checks of the observed CTD data in compari-
son with standard salinity water were carried
out at three observational points with about 10

layers and the worst-case accuracy of the ob-
served CTD data was found to be 0.02 psu.

3. Results

Observed temperature, salinity and density
(ot) fields along three offshore observational
lines are shown in Fig. 3. As is indicated from
Fig. 1, the warm Kuroshio water warmer than
21°C is detected at the KC line (Fig. 3c). The
warm water is also seen at OC line and NC line
with a maximum temperature of 20.25°C. A sa-
line water more than 34.45 psu is found at the
KC line (Fig. 3c), however, such a saline water
does not exist in other two lines of OC and NC
(Fig. 3ab). Although the tongueshaped intru-
sion of the warm water is commonly suggested
in three observational lines, the salinity is dif-
ferent between KC line and lines OC and NC.
The CTD observations along NC line and OC
line were carried out on 5 November, while the
observation of KC line was made on 6 Novem-
ber (for details, see section, 2). It is suggested
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Fig. 3. Observed temperature (°C ) (left), salinity (psu) (center) and density( o t) (right) fields
along NC line (a), OC line (b) and KC line (c). Large open triangles upper the small triangles
showing each observational point correspond to the cross points with the observational line
of OT line (b) and KT line (C).
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that the observations along lines NC and OC
were carried out after the approach of the
warm water with the isotherm of 21°C shown in
Fig. 1b. However, the observation of line KC
was made after new warm water approach
shown in Fig. lc, in which the front of the new
warm water have not arrive at the observa-
tional lines OC and NC.

It should be noted that the warm water core
has a thickness of 50 m (Fig. 3), which indi-
cates that the warm water separated from the
main Kuroshio path (Fig. 1) has a thickness
smaller than that of the detached warm eddy
with a thickness more than 200 m. It is also
seen from the salinity fields of Fig. 3 that less
saline water exists in a surface layer shallower
than 2m along the observational lines OC and
NC, while such a less saline water does not
exist in line KC. On the basis of the T-S dia-
gram of the Kuroshio region (e.g., IsHl et al.,
1983), there exists a less saline water in the sur-
face layer due to the precipitation. The less sa-
line water shown in Fig. 3ab may be caused by
the precipitation, which suggests that the low

salinity of the northeastward intrusion water
at OC line and NC line in comparison with that
of the KC line is also caused by the difference
in vertical mixing with the less saline surface
water.

Observed temperature, salinity and density
fields along two alongshore observational lines
KT and OT are shown in Figs. 4 and 5, respec-
tively. As for KT line (Fig. 4), a warm water
with the temperature of 20.5°C and the salinity
of 34.3 psu, which is detected along the KC line
(Fig. 3c¢), exists horizontally along KT line and
similar horizontal temperature and salinity dis-
tributions are perceived between KT line and
KC line. Namely, lower layer water seen in Fig.
4 with a temperature of 16.5°C and a salinity of
34.55 psu exists in the deepest layer of Fig. 3c.
Although the observational line of OT line is
longer than KT line, similar tendency is seen in
Fig. b, if we focus the common observational
point; CTD observations at Station 5 of OT line
and Station 6 of OC line are carried out inde-
pendently, of which observational time differ-
ence is about 9 hours. It is suggested that a
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warm water structure is homogeneous along in
the downward direction. Since the core water
of the warm Kuroshio water does not reach to
the bay mouth of Kata Bay (Fig. 4) and Owase
Bay (Fig. 5), its influence on the oceanic condi-
tion of each bay is less in this case.

Observed velocity distribution by ADCP is
shown in Fig. 6. Northeastward flow is domi-
nated in a southern region at depths of 10m
and 50m, while the northeastward flow is un-
clear in a northern region. This difference also
implies that the new warm water shown in Fig.
3c approaches at the southern observational
line KC, but it has not arrived at the two north-
ern observational lines, OC and NC. It should be
noticed that the northeastward flow in the
southern region is clear at depths 10m and 50m,
but it is unclear at a depth of 100m. This differ-
ence is explained by the fact that the thickness
of the warm water tongue is about 50m (Fig.
3). The mean velocity of the northeastward
flow along the eastern coast of the Kii Penin-
sula is 30 cm sec ™', which agrees with the veloc-
ity of warm SST shift estimated from the SST
imagery shown in Fig. 1.

4. Discussion

It is pointed out that the northeastward in-
trusion of the Kuroshio water has a velocity of
30cm sec™'. This velocity agrees with that
evaluated from satellite infrared imagery by
use of the northeastward shift of the isotherms
showing the warm water. This velocity also
agrees with that shown by KiMURA and
SuemvoTo (1993, 2000) with a wavelength of 400
km and a period of 17-19 days. It is shown that
the northeastward velocity shown by the pre-
sent study is not due to the planetary or topo-
graphic Rossby wave, nor coastal Kelvin wave,
because direction of the northeastward shift of
the warm Kuroshio water shown by Figs. 1 and
6 is different from the directions of these
waves.

The westward velocity of 30cm sec ' after
the separation from the eastward main
Kuroshio path observed on 1-2 November
shown in Fig. 1, which has the same velocity of
the westward shift of the warm water newly
separated on 6-7 shown in Fig. 1, is not consid-
ered as a external planetary Rossby wave; we
assume that the wavelength of the planetary
Rossby wave is 300km at most from Fig. 1, its
phase velocity is about 8.1cm sec™'. Here, the

1
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Fig. 6. Observed ADCP velocity at depths of 10 m (left), 50 m (center) and 100 m (right).

wavelength is estimated by assuming that the
northward curve of isotherms of 21°C and 22
°C in the zonal flow shown in Fig. 1d with a
generation of new warm tongue east of Kii Pen-
insula is considered as a half wavelength of the
planetary Rossby wave. As a phase velocity of
the baroclinic planetary Rossby wave is much
slower than the external wave, these two ve-
locities are too small in comparison with the
observed velocity of 30cm sec™'. It is thus sug-
gested that the northeastward velocity along
the eastern coast of Kii Peninsula and west-
ward velocity after the separation from the
mean Kuroshio path of 30cm sec™' are mainly
associated with that given during the separa-
tion from the main Kuroshio path. However,
more quantitative discussion is needed on this
problem and it will be examined in the next
stage of this study.
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Short note

Pigment composition of Pedinomonas noctilucae
(Pedinophyceae), an endosymbiont
of green Noctiluca (Dinophyceae)

Ken FURUYA™ and Thaithaworn LIRDWITAYAPRASIT ™"

Abstract : Pigment composition of Pedinomonas noctilucae, a green flagellated endosymbiont of
the green Noctiluca was examined using a unialgal culture by a reverse-phase HPLC method.
The eight pigments identified were neoxanthin, antheraxanthin, violaxanthin, zeaxanthin,
lutein, chlorophyll b, chlorophyll @ and 8, 8-carotene in the order of elution. Five major pig-
ments except antheraxanthin, were quantified to determine their pigment ratios to chlorophyll
a for use in the evaluation of group-specific algal abundance from pigment composition.

Key words: Pedinomonas notilucae, green Noctiluca, plant pigment, HPLC

Noctiluca scintillans (Macartney) Ehrenberg,
a widely distributed non-photosynthetic
dinoflagellate forms dense blooms in temper-
ate, subtropical and tropical coastal waters.
The blooms of N. scintillans produce a strong
pinkish red discoloration of the water in tem-
perate regions. However, in southeast Asian
tropical waters, N. scintillans causes green dis-
coloration, as it contains the green flagellated
endosymbionts, Pedinomonas noctilucae (Sub-
rahmanyan) Sweeney (OSTROUMOFF, 1924;
SWEENEY, 1971). The endosymbiont containing
Noctiluca is commonly called the green
Noctiluca, and their growth is sustained by the
symbiont (SWEENEY, 1971: OKAICHI et al., 1991).
The presence of P. noctilucae is considered to
be of vital impportance for bloom formation of
the host organism. Although various biological
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characteristics of P. noctilucae have been re-
vealed (SWEENEY, 1971, 1976; OKAICHI et al.,
1991), pigment composition of this species has
not examined yet. In this communication, we
describe the pigment composition of P. nocti-
lucae as a baseline study for biomarker pig-
ment analysis of the phytoplankton commu-
nity in the Gulf of Thailand (MACKEY et al.,
1996). We thank Prof. Tomotoshi OkaIcHi for
valualle suggestions, Dr. Neelam RAMAIAH and
Ms. Haruna SaiToH for their cooperation in the
laboratory work.

A unialgal culture of P. noctilucae associated
with the green Noctiluca was isolated from the
inner Gulf of Thailand and maintained in the
modified ESM medium (OKAICHI et al., 1991).
During the course of maintenance, cell mor-
phology changed due to some unknown rea-
son, from the flagellated form to a coccoid one
lacking the flagella. The HPLC analysis re-
ported here was made on the coccoid forms.
The cultures were incubated at 28°C under cool
white fluorescence light at 10 and 150 ¢ mol
m %! intensities. Cells during the exponential
and stationary phases were harvested on GF
/T filters by gentle suction with a pressure dif-
ference of 150 mmHg and frozen at —85°C. The
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Fig. 1. Pigment composition of Pedinomonas noctilucae detected at 450nm.

filters were homogenized in 95% methanol
with sonication and the extract passed through
0.2 «m PTFE syringe filters was subjected to
the HPLC analysis (ZAPATA et al., 2000) using a
reverse phase C8 column. Details of the HPLC
equipment we used are given in FURUYA et al.
(1998).

Pigments were identified and quantified
based on the retention time and peak area of
the online absorption spectrum measured by a
photodiode array spectrophotometer (SPD-
MI10AYV, Shimadzu; 1.2 nm otpical resolution).
Pure standards used for the identification and
quantification viz., chlorophyll @ (Chl. @), chlo-
rophyll & (Chl. ) and B, B-carotene were ob-
tained form Sigma Chemicals, while those for
fucoxanthin, 19-butanoyloxyfucoxanthin, 19-
hexanoyloxyfucoxanthin, peridinin, diadino-
xanthin, alloxanthin, neoxanthin, violaxanthin,
prasinoxanthin, echinenone, lutein, zeaxanthin,
chlorophyll ¢; and chlorophyll ¢: were from the
International Agency for “C Determination. Pu-
rity of these standards was examined both by
the HPLC system and Shimadzu MPS-2400
spectrophotometer.

Six pigments identified as major-peaks were
the neoxanthin, violaxanthin, zeaxanthin,
lutein, Chl. » and Chl. a (Fig. 1). B, B -caroten
e was eluted as the most non-polar pigment
and appeared small peak that was possibly not
well resolved from f, € -carotene, if existed.
A peak that was observed between the
violaxanthin and zeaxanthin, was provision-
ally identified as antheraxanthin according to
ZAPATA et al.(2000). This was re-examined by
an additional analysis following the protocol of
MANTOURA and LLEWELLYN (1983), and was
confirmed to be antheraxanthin according to
its characteristic phtodiode array spectrum
(JEFFREY et al., 1997). Three trace peaks were
found at 3.8, 20.3 and 30.0 min. However, their
identity was unclear, being extremely low in
concentration that did not allow a clear infer-
ence from the diode array spectrum.
Prasinoxanthin expected to appear between
neoxanthin and violaxanthin (ZAPATA et al.,
2000) was not detected at all. Pedinomonas
minor is known to lack prasinoxanthin (RI-
CKETTS, 1970). Although available information
is limited, the absence of prasinoxanthin seems
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Pigment composition of Pedinomonas noctilucae and the relative amount of respective pig-

ments to Chl. @ (w/w). Cells were harvested during the exponential phase from the cultures
grown at 10 g mol m % 7'(A) and 150 g mol m %' (B) : “C” represents the cells harvested dur-
ing the stationary phase from the culture grown at 150 g mol m "

Relative amount to chlorophyll ¢ (w/w)

Chlorophyll & Chlorophyll a

Growth Neoxanthin  Violaxanthin  Zeaxanthin Lutein
A 0.078 0.128 0.088 0.271 0.115 1
B 0.080 0.118 0.059 0.224 0.092 1
C 0.132 0.194 0.244 0477 0.088 1

to be a common feature of species belonging to
the Pedinophyceae (MOESTRUP,1991).

Chl. @ was the most abundant light-
harvesting pigment and the ratio of Chl. a to
Chl. b (w/w) remained rather constant around
10 (Table 1). In contrast, the relative amount of
carotenoids to Chl. a increased during the sta-
tionary phase compared to that observed dur-
ing the exponential phase. This was a common
trend in the concentrations of the carotenoids
detected. Although antheraxanthin was not
quantified, a similar trend was observed in its
peak area. BB, 8 -carotene was not evaluated
owing to its trace amount and a possible over-
lapping of f, € -carotene. Light intensity did
not exerted a significant influence on the pig-
ment composition, as the ratios of the respec-
tive pigments to Chl. a did not vary much
between the low and high light conditions.
Nonetheless, light intensities used in the pre-
sent study were rather low due to instrumental
constraints. Since the light intensity near the
surface in the tropical waters is much higher
than those we used in our laboratory experi-
ment, further investigation is required to con-
firm the variations, if any, in the pigment ratios
that govern the predictability of group-specific
algal abundance from pigment analysis
(MACKEY et al., 1996).
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