
1. Introduction
The vertical distribution of phytoplankton

community in the water column is highly hetero-
geneous in response to the small-scale physical
hydrodynamic changes such as water mass sta-
bility（MELLARD et al., 2011）, vertical mixing

（MAZNAH et al., 2016）, and the availability of light
（TILZER and GOLDMAN, 1978）. Variations of the
abiotic water conditions occur naturally at differ-
ent timescales throughout the day（GAST et al.,
2014）, related with the periodic oscillations of the
tidal currents（BLAUW et al., 2012）, which in turn
influence the short-term changes in the phyto-
plankton community.
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Despite the relationship between environmen-
tal properties, ecological characteristics and fine-
scale phytoplankton dynamics has been reported
by previous studies（e.g. DEKSHENIEKS et al., 2001;
GERVAIS et al., 2003; LUNVEN et al., 2005; CARON et
al., 2008）, it is still remaining to explore how do
phytoplankton fluctuate throughout the entire
water column, in a short timescale of the day.
Hence, we here conducted a series of pump sam-
plings throughout the whole vertical water col-
umn, at a relatively fine-scale of 0.5Ȃ2 m depth in-
terval, every 4 h, dealing with the physical
characteristics of the water column. The aim
was to understand the precise spatial and tempo-
ral distributions of phytoplankton abundance,
composition and the size structure, together
with the particle distribution data, and thus pro-
vide relevant information about the short-term
changes in the phytoplankton vertical distribu-
tion and the community dynamics. In the case of
monitoring the high-resolution field survey data,
traditional microscopic examination is time-
consuming. To overcome this difficulty, we de-

ployed an automatic device FlowCAM（the Flow
Cytometer And Microscope）, which has com-
bined capabilities of flow cytometry, microscopy
and image analysis（SIERACKI et al., 1998）. This
apparatus counts and photographs particles
moving in a fluid flow. To create this flow, the
water sample is drawn into the instrument by
means of a peristaltic pump. A digital camera
photographs the particles as they pass through a
prismatic glass chamber mounted on a cell hold-
er in front of a microscope lens（POULTON and
MARTIN, 2010）. The FlowCAM provides informa-
tive information for plankton study as follows:（1）
cell counts and sizing accuracy（SIERACKI, et al.,
1998; SEE et al., 2005; TAUXE et al., 2006; ÁLVAREZ

et al., 2014）, and（2）high-quality images for
species identification as a VisualSpredsheet

（CAMOYING and YÑIGUEZ, 2016）. Taking these ad-
vantages of FlowCAM, we can reduce the time
for sample processing and increase the resolu-
tion of the field survey.

2. Materials and methods
2.1 Sampling site and sample collection

The sampling was carried out onboard a train-
ing ship Seiyo-maru of Tokyo University of Ma-
rine Science and Technology anchored at a point
of 23 m deep in Tateyama Bay（35º00. 06' N,
139º49.87' E）, Japan（Fig. 1）. On 12Ȃ13 May 2017,
a total of six sampling times were conducted ev-
ery 4 h at 12, 16, 20, 00, 04 and 08 h（JST）. Wa-
ter samples were obtained using a vortex sub-
mersible pump（pumping speed: 0.5 m3 min－1）
following the method of ITOH et al.（2011）, which
is originally consulting the depth discrete pump
sampling system shown in HARRIS et al.（1986）.
The depth interval was set every 0.5 m from 0 to
14 m, and 2 m from 16 to 20 m depth. We collect-
ed 192 samples in total, from 32 distinct vertical
water layers within 0Ȃ20 m depth. For the phy-
toplankton analysis, water samples of 500 mL

Fig. 1 The sampling site（solid circle）in Tateya-
ma Bay, Japan.
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were collected and immediately fixed with for-
malin（final concentration 1%）. Concurrently,
vertical profiles of water temperature, salinity,
and density（sigma-t）were taken using a CTD

（AAQ-RINKO, JFE Advantech, Co., Ltd., Tokyo,
Japan）fitted with an in vivo chlorophyll-a fluo-
rescence sensor, a nephelometric sensor, and
photosynthetically active radiation（PAR）sensor.
At each time, a series of pump sampling was
completed within about an hour.

Sunrise and sunset were at 04:39 and 18:34, on
the sampling days. The first day（May 12）was
calm and sunny while the second day（May 13）
was quite windy and rainy. Information about
the tide level of the sampling area was obtained
from the Japan Meteorological Agency website

（http: //www. data. jma. go. jp/kaiyou/data/db/
tide/suisan/pdf_hourly/2017/TT.pdf）. Two low
tides and two high tides were included during
the sampling period（Fig. 2）.

2.2 Phytoplankton and aggregate particle
analyses by the FlowCAM

Phytoplankton samples were counted in tripli-
cate using the automatic sample analysis device,
FlowCAM（Fluid Imaging Technologies, Inc.,
ME, USA）. In this study, particle images were
captured by the FlowCAM auto-image mode,
with an imaging rate of 5 frames per second, the
FC100 flow cell（100 µm chamber depth）and
the 10 x objective lens. The flow rate was con-
trolled by the rotation rate of the pump（0.14 mL
min－1）. Phytoplankton were identified by visual
inspection using the image analysis software

（VisualSpreadsheet: VSS）in FlowCAM system,
and Equivalent Spherical Diameter（ESD）vol-
ume by the FlowCAM was used as a proxy for
the estimation of phytoplankton biovolume. The
ESD-based volume（VESD）is calculated based on
the mean of 36 feret measurements which was
conducted every 5° of specified directions

around the particle. Aggregate particles were
checked and counted using VSS generated by
the FlowCAM.

3. Results
3.1 Hydrological conditions（Figs. 3 and 4）

At 12 and 16 h, the upper layer（top 6 m）was
heated by the solar radiation forming a certain
gradient of water temperature（18. 5Ȃ17. 0 ℃）.
The water column condition changed at 20 h,
due to the intrusion of colder（15.5Ȃ13.5 ℃）and
saltier（34.4Ȃ34.6）water from the bottom during
the flood. This intrusion mixed vertically the wa-
ter column but was not strong enough to break
the stratification up to the upper layer, forming a
shallow layer thermocline at 1Ȃ6 m depth. At 00
h, when the water intrusion of the flood tide
moved downward, and a thermocline was found
at a deeper depth, 16Ȃ19 m with a temperature
gradient（15.5Ȃ14.0 ℃）. At 04 h, the water col-
umn was well-mixed due to the high tidal cur-
rent, and the colder and saltier water layer was
located even deeper and almost not visible in our

Fig. 2 Tide level（m）during the survey at Ta-
teyama Bay, Japan. Bars represent start and end
times of the samplings.
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Fig. 3 Temporal changes in the vertical distribution of environmental properties on 12Ȃ13 May
2017.（a）water temperature（℃）,（b）salinity,（c）sigma-t,（d）Chl-a（µg LȂ1）,（e）turbidity

（FTU）, and（f）light intensity（PAR in log10 µmol photons mȂ2sȂ1）.
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profiles. Later, at 08 h, the flood lifted this water
mass again upwards, reaching the 16 m depth.
At this time, the upper layer（0Ȃ14 m）remained
well-mixed, showing a more homogeneous distri-
bution of environmental parameters（Figs. 3a, b）.
The density profile showed the similar fluctua-
tions governed by the temperature and salinity

（Fig. 3c）.
Regarding the chlorophyll-a fluorescence（Chl-

a）, the colder and saltier water found in the
deeper layer that moved upwards during high
tide showed distinctively low Chl-a（0.2Ȃ0.8 µg
L－1）. Above this pool, typical peaks of Chl-a（1.6
and 3.1 µg L－1）were observed at the bottom 18
m at 12 and 16 h, but at 20 h, peak（1.8 µg L－1）
moved to the upper layer 2.5 m, coincided with a
thermocline, and then moved back to the deeper
depth 11.5 m at 00 h, and disappeared in 04 and
08 h, respectively（Fig. 3d）. Water turbidity was
higher at 12 and 16 h, especially in the bottom
layers where a significant increase in the Chl-a
was noticed（Fig. 3e）. The values of 1% I0
depths（which indicate the bottom of the eu-
photic layer）in the day-time samplings were 18
m at 12 h, 17 m at 16 h and 12 m at 08 h, respec-

tively（Figs. 3f and 4）.

3.2 Spatial and temporal distributions of total
phytoplankton（Fig. 5）

At 12 h, phytoplankton distribution was heter-
ogeneous with high densities 134 ± 13 cells
mL－1（mean ± standard deviation）in the up-
per 0Ȃ4 m, and 115 ± 20 cells mL－1 at 7.5Ȃ20 m,
respectively, and a low density 72 ± 26 cells
mL－1 in the thermocline 4.5Ȃ7 m（Fig. 5a）. At 16
h, phytoplankton showed a similar distribution
pattern to that observed at 12 h, with high densi-
ty 100 ± 13 cells mL－1 in the upper 4 m but de-
creased to 70 ± 9 cells mL－1 in the thermocline

（4.5Ȃ7 m）and again an increasing trend 90 ± 19
cells mL－1 was observed below 7 m towards the
bottom 20 m（Fig. 5b）. Phytoplankton distribu-
tion pattern totally changed at 20 h, which was
characterized by the formation of the pro-
nounced thermocline at a shallow depth（1Ȃ6 m）,
where phytoplankton were concentrated 61 ±
21 cells mL－1, but the distribution was restrict-
ed below the thermocline（Fig. 5c）. At 00 h,
thermal stratification in the upper layer was not
seen, but it appeared in a deeper layer（16Ȃ19
m）. At that time, phytoplankton were abundant

（76 ± 11 cells mL－1）above the thermocline at
9Ȃ14 m（Fig. 5d）and significantly decreased in
the thermocline. The next samplings at 04 and
08 h, phytoplankton showed a rather homogene-
ous vertical distribution pattern in the water col-
umn（Figs. 5e, f）, correspond with the effects of
tidal mixing.

3.3 Phytoplankton assemblage composition
（Table 1）

In our survey, a total of 22 phytoplankton taxa
were identified, including 9 diatoms（Bacillario-
phyceae）such as Thalassiosira sp.（3,520 cells
mL－1, 27.5%）, Dactyliosolen fragilissimus（1,776
cells mL－1, 13. 9%）, Pseudo-nitzschia sp.（927

Fig. 4 Temporal changes in the vertical distribu-
tion of relative light intensity during 12Ȃ13 May
2017.
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cells mL－1, 7. 2%）, Coscinodiscus sp.（183 cells
mL－1, 1.4%）, Pleurosigma sp.（49 cells mL－1,
0.4%）, Lauderia annulata（37 cells mL－1, 0.3%）,
Rhizosolenia setigera（17 cells mL－1, 0. 1%）,
Thalassionema nitzschioides（13 cells mL－1,
0.1%）, and Meuniera membranacea（6 cells mL－1,
0.05%）; 10 dinoflagellates（Dinophyceae）such as
Prorocentrum minimum（2, 622 cells mL－1,
20.5%）, Scrippsiella trochoidea（1,612 cells mL－1,

12. 6%）, Gyrodinium spirale（501 cells mL－1,
3.9%）, Protoperidinium quinquecorne（253 cells
mL－1, 2. 0%）, Heterocapsa sp.（177 cells mL－1,
1.4%）, Oxyphysis oxytoxoides（76 cells mL－1,
0.6%）, Ceratium furca（23 cells mL－1, 0.2%）, C.
fusus（7 cells mL－1, 0.05%), Gonyaulax spinifera

（10 cells mL－1, 0. 1%）, and Alexandrium sp.（7
cells mL－1, 0.05%）; and other groups such as Ra-
phidophyceae, Dictyochophyceae and Haptophy-

Fig. 5 Vertical distribution of total phytoplankton abundance for the six sampling times. Black
line: average phytoplankton abundance, with standard deviation bar from the triplicate
counts. Grey line: Chl-a concentration.
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ceae with only one species of each, Heterosigma
akashiwo（303 cells mL－1, 2.4%）, Dictyocha spec-
ulum（10 cells mL－1, 0.1%）, and Coccolithophor-
id（468 cells mL－1, 3.7%), respectively, and un-
identified phytoplankton（205 cells mL－1, 1.5%）.
Hence, the phytoplankton community was main-
ly dominated by diatoms and dinoflagellates（50%

and 42% of the total cell density）.
Specifically, among these species, Thalassio-

sira sp., D. fragilissimus, Pseudo-nitzschia sp., P.
minimum, and S. trochoidea were noted as the
dominant species, which altogether contributed
more than 80% of the total abundance of phyto-
plankton. Therefore, we consider their species-

Table 1. List of phytoplankton in Tateyama Bay with total abundance, per-
centage, and average size（length and width）.

Species
Total abundance Length

（µm）
Width
（µm）cells mLȂ1 %

Bacillariophyceae
Coscinodiscus sp. 183 1.4 50.0 37.7
Dactyliosolen fragilissimus 1,776 13.9 23.0 12.0
Lauderia annulata 37 0.3 23.7 16.9
Meuniera membranacea 6 0.05 57.8 31.1
Pleurosigma sp. 49 0.4 150.6 20.2
Pseudo-nitzschia sp. 927 7.2 30.3 4.6
Rhizosolenia setigera 17 0.1 379.0 5.2
Thalassionema nitzschioides 13 0.1 25.0 2.9
Thalassiosira sp. 3,520 27.5 18.9 12.5

Dinophyceae
Alexandrium sp. 7 0.05 39.1 35.2
Ceratium furca 23 0.2 153.6 34.2
Ceratium fusus 7 0.05 343.7 30.5
Gonyaulax spinifera 10 0.1 29.6 23.1
Gyrodinium spirale 501 3.9 60.9 36.8
Heterocapsa sp. 177 1.4 30.7 21.1
Oxyphysis oxytoxoides 76 0.6 56.9 19.4
Prorocentrum minimum 2,622 20.5 22.2 18.5
Protoperidinium quinquecorne 253 2.0 23.7 18.7
Scrippsiella trochoidea 1,612 12.6 29.1 23.1

Dictyochophyceae
Dictyocha speculum 10 0.1 29.5 21.3

Haptophyceae
Coccolithophorid 468 3.7 13.2 12.3

Raphidophyceae
Heterosigma akashiwo 303 2.4 29.8 24.3

Unidentified phytoplankton 205 1.5 13.9 11.9



80 La mer 57, 2019

specific distribution patterns in detail. The other
species such as L. annulata, Coscinodiscus sp.,
Rhizosolenia sp., T. nitzschioides, M. membrana-
cea, Pleurosigma sp., G. spirale, Alexandrium sp.,
G. spinifera, and Heterocapsa sp. were not ob-
served in the colder and saltier water. Some
dominant phytoplankton and the additional five
species, P. quinquecorne, O. oxytoxoides, C. furca,
C. fusus, and D. speculum that appeared after
the high tide, only occurred in the colder and
saltier water.

3. 4 Species-specific distributions of dominant
phytoplankton species（Fig. 6）

Thalassiosira sp. was numerically dominant
throughout the study period and found at all
sampling depths and times（Fig. 6a）. D. fragilis-
simus distribution coincided with the thermo-
cline, and they were trapped in the thermocline

（1Ȃ6 m）at 20 h by the strong density gradients.
Moreover, the cell density decreased to approxi-
mately the half（50%）after the high tide（18:20）
and was not observed in the colder and saltier
water mass（Fig. 6b）. Pseudo-nitzschia sp. distri-
bution pattern was not clear due to its low cell
density throughout the sampling period（Fig.
6c）. Similarly to Thalassiosira sp., P. minimum
was detected at all sampling depths and times.
An exception occurred at 20 h when a strong
thermocline was marked at 1Ȃ6 m depth, where
high cell densities were observed, but the distri-
bution was limited below the thermocline（Fig.
6d）. S. trochoidea distributed mainly in the first
two samplings at 12 and 16 h; however, its distri-
bution completely changed, and the abundance
decreased to three-fourths（75%）after the high
tide, 18:20（Fig. 6e）.

3.5 Phytoplankton biovolume versus Chl-a
（Fig. 7）

At 12 and 16 h, the slope of the regression line

showed a negative correlation（p > 0.05）, and an
inverse relationship between the Chl-a and phy-
toplankton biovolume was observed（Figs. 7a, b）.
Thus, relatively low phytoplankton biovolume
was found at a depth of Chl-a peak 18 m, where
small-sized diatom, Thalassiosira sp.（Table 1）
was dominant in those samples. At 20 h, a statis-
tically positive correlation（p < 0.05）was seen
between the Chl-a and biovolume. At that time,
Chl-a peak occurred in the upper layer（1Ȃ6 m）,
where higher phytoplankton biovolume was ob-
served（Fig. 7c）. In the following sample at 00 h,
Chl-a and biovolume showed a positive correla-
tion due to the occurrence of large-sized dinofla-
gellates above the thermocline（9Ȃ14 m）where
the Chl-a peak was detected（Fig. 7d）. A posi-
tive relationship was detected between the Chl-
a and biovolume for 04 and 08 h, respectively

（Figs. 7e, f）.
An allometric relationship of Chl-a with biovo-

lume was found in most sampling times except
for 12 and 16 h. At these times, the Chl-a peak
was observed at the bottom layer where higher
turbidity was recorded.

3.6 Vertical distribution of aggregate parti-
cles（Fig. 8）

Aggregates were generally more abundant in
the first two samplings at 12 and 16 h（before
high tide）, especially at the bottom layers, with
higher turbidity. After high tide（18:20）, the for-
mation of high abundance was not observed at
the bottom in the following samplings at 20, 00,
04 and 08 h.

4. Discussion
Short-term phytoplankton dynamics are relat-

ed to the changes of the water masses and hy-
drodynamic gradients such as stratification and
mixing processes, influenced by the periodic os-
cillations of the tidal currents（BLAUW et al.,
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Fig. 6 Vertical distribution of dominant phytoplankton species（average of the six samplings）:（a）
Thalassiosira sp.,（b）Dactyliosolen fragilissimus,（c）Pseudo-nitzschia sp.,（d）Prorocentrum
minimum, and（e）Scrippsiella trochoidea. “A” in the explanatory box represents “Abundance.”
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Fig. 7 Relationship between Chl-a and FlowCAM biovolume of total phytoplankton from the cell counts
for 32 distinct vertical water layers（n = 32）during six sampling times.（a）,（b）, and（c）are for 12h,
16h, and 20h of 12 May;（d）,（e）, and（f）for 00h, 04h, and 08h of 13 May, respectively. The dashed line
is fitted regression line.
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2012）. During our study period, thermal stratifi-
cation was likely to be influencing the spatial
heterogeneity of phytoplankton distribution.
Stratification was pronounced under weak tidal
mixing condition. Temperature gradients then
divided the water column into different strata by
the density gradients that restricted the phyto-
plankton（but not entirely inhibit）, resulting in a
heterogeneous distribution. In contrast, it is like-
ly that the vertical mixing generated by the tidal
current homogenized the phytoplankton distri-
bution in the water column. However, if tidal
mixing was not strong enough, the water column
could not be fully mixed, and stratification would
remain in the upper layer. Thus, phytoplankton
and Chl-a distributions differed among depths
and sampling times due to the changes of the
water masses and thermal structure.

In our study, both diatoms and dinoflagellates
dominated the phytoplankton community. How-
ever, their composition to the phytoplankton
community was different in the different layers
and times, related with the changes of the water

mass structure, and probably the thickness of
the euphotic layer. Changes were pronounced in
the day-time at 12 and 16 h, when stratification
of water mass force to form the diatoms and di-
noflagellates aggregation in the water column.
At these times, a large proportion of diatoms
contributed to the phytoplankton community
near the bottom where a high value of Chl-a was
observed（Fig. 9a）. In contrast, dinoflagellates
were detected mainly in the upper water column
coinciding with the thermocline but rarely ob-
served in the deeper parts of the euphotic zone

（Fig. 9b）. This might be because the dinoflagel-
lates prefer stratified water mass as has been ex-
plained in classical literatures（e.g. SMAYDA and
REYNOLDS, 2001）.

Thalassiosira sp. and P. minimum occurred at
all sampling depths and times. These are euryha-
line and eurythermal species, that are common
in temperate coastal environments（POPOVICH

and GAYOSO, 1999; HAJDU et al., 2005）. However,
D. fragilissimus and S. trochoidea significantly
decreased their abundance after the high tide,

Fig. 8 Vertical distribution of aggregate abundance（average value of the
triplicate analysis）for six sampling times. “A” in the explanatory box
represents “Abundance.”
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perhaps due to the changes of the water mass.
During our survey, most phytoplankton species
suddenly disappeared（except some dominant
phytoplankton）after the high tide, when colder
and saltier water mass intruded. It is suggested
that these clear changes in species composition
probably related to the changes of the water
mass. Additionally, only five phytoplankton spe-
cies, P. quinquecorne, O. oxytoxoides, C. furca, C.
fusus, and D. speculum occurred in the colder
and saltier water. Some of these five species（C.
furca and C. fusus: Type VI（Coastal Entrained

Taxa））were noted as the coastal habitat
（SMAYDA and REYNOLDS, 2001）.

Regarding the phytoplankton biovolume and
Chl-a, a significant positive correlation was found
in most sampling times except for 12 and 16 h.
At these exceptional times, discrepancies were
apparent because of the relatively low phyto-
plankton biovolume at a depth of Chl-a peak. In
the case of 12 and 16 h, the water column was
marked with a thermocline at 4. 5Ȃ7 m depth,
which may act as a barrier（SPRINTALL and
CRONIN, 2001）between the upper and lower lay-

Fig. 9 Vertical distribution of（a）: diatoms and（b）: dinoflagellates abun-
dance（average value of the triplicate analysis）for six sampling times. “A”
in the explanatory box represents “Abundance.”



85Spatio-temporal variation of phytoplankton

er. In the present study, the phytoplankton com-
munity in the lower layer was dominated by the
smaller size phytoplankton species, such as Tha-
lassiosira sp. and D. fragilissimus. Thus, phyto-
plankton biovolume was higher in the upper lay-
er than those at a depth of Chl-a peak. Hence, a
question rises “why Chl-a was high near the bot-
tom?” We here speculate that the turbidity may
be the key to answer this question because high-
er turbidity values coincided with the bottom
Chl-a peaks. MATSUIKE et al.（1986）reported the
increase of suspended particles in the water col-
umn is the major cause of water turbidity. This
condition of high particle concentration leads to
promote particle aggregation by colliding of
smaller particles（JACKSON, 1990）or the release
of phytoplankton structural bodies（ARMBRECHT

et al., 2004）, or together with sediments, and de-
tritus（ZIMMERMANN-TIMM, 2002）.

Our vertical profile of the aggregates showed
that the particle densities were higher in the bot-
tom at 12 and 16 h, where the highly turbid wa-
ter mass was observed. However, it was gone af-
ter the high tide, probably due to the intrusion of
low turbidity water. At the same time, the Chl-a
peak at the bottom disappeared, suggesting the
relationship between the Chl-a and aggregate

particles. Hence, an additional experiment was
done for the fluorescence analysis of the aggre-
gates. Unfortunately, our formalin-fixed samples
could not be used in the experiment, and thus
we collected the fresh samples from the bottom
water of Tokyo Bay while plankton survey cruis-
ing at the inner Tokyo Bay. From our observa-
tion with an epi-fluorescence microscope, emis-
sion of fluorescence was detected from the
aggregates（Figs. 10a, b）. This finding provides
additional evidence for the consideration of Chl-
a concentration in Tateyama Bay, which shows
the high value at the bottom is not only from the
phytoplankton but also from the fluorescence
due to the pigments deposited in the aggregate
particles that were floating there.

5. Conclusions
To assess the fine-scale spatio-temporal phyto-

plankton dynamics over a short time period, we
used FlowCAM which can rapidly count, identi-
fy and size the phytoplankton. Our results indi-
cated that phytoplankton distribution changed
significantly in a short timescale（such as sever-
al hours）and in a few meters in depths, related
with the eco-physiological characteristics of phy-
toplankton, the stratification and vertical mixing.
Therefore, studies based on monthly or seasonal
survey of phytoplankton with depth-averaged
samplings may not well reveal the real communi-
ty structure and the distribution patterns of phy-
toplankton that vary within a short time. Fur-
thermore, our results showed that “Chl-a” does
not always represent the phytoplankton abun-
dance because it can be affected by detrital ag-
gregate particles that contain a significant
amount of fluorescent substances.
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1. Introduction
The life cycle of anguillid eels is divided into 5

principle stages which are leptocephalus larvae,

glass eel, elver, yellow eel and silver eel stages
（BERTIN, 1956）. Leptocephalus larvae of tropical
eel Anguilla bicolor bicolor migrate passively
and drift following ocean currents in the eastern
Indian Ocean（AOYAMA et al., 2007）. They then
metamorphose into glass eels at continental
shelves and enter coastal waters and actively mi-
grate into estuaries and rivers（TESCH, 1980）.
Glass eels then become elvers which are distin-
guished through morphological and behavioral
changes such as shortening of body length, depo-
sition of guanine in intra-abdominal membrane
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Abstract: To understand the morphological changes during the silvering stages of Anguilla bi-
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and a benthic migration（TESCH, 2003; FUKUDA et
al., 2013）. The growth phase in their areas of dis-
tribution is termed the yellow eel stage where
they may spend many years until they reach
sexual maturity and develop into migrating sil-
ver eels. The silver stage eels display changes in
body coloration which are due to physiological
and environmental conditions（TESCH, 2003;
DURIF et al., 2005; HAGIHARA et al., 2012）. Meta-
morphosis of yellow eels to silver eels is difficult
to distinguish and therefore, identifying silver
eels which are on the verge of migration is deter-
mined through skin color（DURIF et al., 2005）.

OKAMURA et al.（2007）described the silvering
stages for A. japonica using two characteristics
which were the coloration of the ventral skin
and pectoral fins. In this description, eels were
divided into two yellow eel stages YI and Y2 and
two silver eel stages S1 and S2. Y1, an early yel-
low eel stage was described as yellow eels with-
out metallic hue at the base of pectoral fins,
while Y2 was late stage yellow eels and descri-
bed as having a metallic hue at the base of pec-
toral fins and without melanization at the tip of
pectoral fins. S1 was early stage silver eels with
complete melanization at the tip of pectoral fins
but without a fully pigmented belly usually with
a black or dark brown coloration while, S2 was
late stage silver eels with black or dark brown
coloration on the belly.

Further studies on the morphological changes
during the silvering/migration process of A. aus-
tralis in the Makara Stream, Lake Onoke, and
Lake Ellesmere in New Zealand showed that mi-
grant eels had dorsally flattened heads and the
snout had a slightly chiseled appearance. Fur-
thermore, lips had thinned and the pectoral fins
were slightly elongated with a black fringe. Dor-
sally the skin was black/brown, bronze, or green
with a lateral metallic bronze coloration. Colora-
tion on the ventral surface was generally metal-

lic silver while the belly was bright silver（TODD,
1981）.

Several other studies also focused on the mor-
phological and physiological changes within the
silvering process of anguillid eels. These includ-
ed the changes of skin color and enlargement of
eyes in A. australis, A. dieffenbachii, A. anguilla,
A. japonica, A. marmorata and A. celebesensis

（TODD 1981; DURIF et al., 2005; OKAMURA et al.,
2007; HAGIHARA et al., 2012）, lengthening of pec-
toral fins in A. anguilla（DURIF et al., 2005）, de-
generation of the gut in A. anguilla and A. japon-
ica（DURIF et al., 2005; OKAMURA et al., 2007）,
increase of retinal sensitivity in A. anguilla

（BOWMAKER et al., 2008）, changes of fat contents
in A. rostrata and A. anguilla（LARSSON et al.,
1990; SVEDANG and WICKSTROM 1997）, increase of
fatty acid contents in the skeletal muscles in A.
anguilla（EGGINTON 1986）, and modification of
swim bladder in rete mirable, gas gland and sub-
mucosa in A. japonica（YAMADA et al., 2001）.

Although there have been several studies on
the silvering processes of anguillid eels, majority
of these have been on temperate species, while
information on tropical eels are still lagging. Con-
sidering that 13 species/sub-species of the 19 an-
guillids currently known are determined to be
tropical species with nine species found around
Indonesian waters（SUGEHA et al., 2008）, it is im-
portant to efficiently identify the various silver-
ing stages of anguillid eels using relatively clear
and simple characteristics to facilitate easy moni-
toring studies. Morphological changes of silver-
ing eels in Indonesia was first studied by
HAGIHARA et al.（2012）, which was conducted in
Central Sulawesi, Lake Poso and described the
silvering stages of A. marmorata and A. celebe-
sensis, but failed to provide information on A. bi-
color. Therefore, the present study was aimed at
assessing the morphological changes within the
silvering process of female and male A. bicolor



91Silvering stages of Anguilla bicolor bicolor

bicolor from Segara Anakan, Indonesia.

2. Materials and methods
Fish catchment sampling location and species
identification

A total of 107 specimens of A. bicolor bicolor
were used in the present study. Specimens were
identified through morphological characters as
described by EGE（1939）. As all specimens were
morphologically identical, 8 specimens with
mean, minimum and maximum morphological
characters were further subjected to genetic
identification using a partial sequence of mito-
chondrial DNA 16S rRNA region（MINEGISHi et al.,
2005; TAWA et al., 2012）. Genetic identification
was conducted to discriminate A. bicolor bicolor
and A. bicolor pacifica as morphological identifi-
cation between these species has been considera-
bly difficult. DNA sequences were submitted to
DDBJ（DNA Data Bank Japan）under the ac-
cession numbers LC433757ȂLC433764. Speci-
mens were stored at the Kyushu University Mu-
seum（KYUM-PI 5382Ȃ5389）.

Specimens were obtained from fishermen who
collected eels in the Segara Anakan in Cilacap,
Central Java, Indonesia（Fig.1）, during Decem-
ber 2015ȂSeptember 2016, May 2017 and June
2018.

These fishermen employed traditional Indone-
sian baited traps ‘wuwu’ and fishing gear with
hooks ‘ureg-ureg’, and ‘opyok’ together with
crabs, earthworms and frogs as bait. ‘Wuwu’
baited traps used by the fishermen were set in
the evening during 5Ȃ6 pm, and were then re-
trieved the next morning during 3Ȃ5 am. ‘Ureg-
ureg’ was used in the day during ebb tide, while
‘opyok’ was used during the night with flood
tides. Specimens collected for this study were
only available if fishermen had retrieved eels the
previous day. Therefore shortcomings such as
quantifying the frequency and effort at which

fishermen collected eels is unknown.

Silvering stages and sex determination
The silvering stages were characterized based

on the percentage cover of black coloration of
pectoral fins and percentage cover of metallic
hue at the base of pectoral fins measured along
the anterioposterio axis of the pectoral fin. Black
color coverage of pectoral fins = 100（BPC
PFL－1）where BPC is the length of black color
coverage of pectoral fins and PFL is the pectoral
fin length. Metallic hue at the base of pectoral
fins = 100（MBP BPF－1）, where MBP is the
length of metallic hue at base of pectoral fin and
BPF is the length of base of pectoral fin along
the anteriorposterio axis. The percentage cover
of silver color and metallic hue on the belly of
specimens = 100（MBC VL－1）, where MBC is
silver color and metallic hue on belly and VL is
the length from the lateral midline to the ventral
line and was measured along the dorsoventral
axis（Fig. 2）. These external morphological col-
or changes appear to be similar for tropical eels
as with temperate eels such as A. japonica

（OKAMURA et al., 2007; HAGIHARA et al., 2012）and
therefore used as a criterion for differentiating
silver eel stages in the present study. Sex was
determined through visual inspection of external
morphology. Specimens with lobed gonads were
considered as males, described by BERTIN（1956）,
while specimens having gonads resembling fril-
led ribbons of tissue were considered as females
as described by TODD（1981）.

Morphological measurement
Specimens were transported to the laboratory

and anaesthetized with 50 ppm Tricaine Matha-
nesulfonate（MS222）before being examined and
measured for morphological characteristics（Fig.
3）using a digital vernier caliper to the nearest
0.01 mm. Body weight of specimens were meas-
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Fig. 1 Locations where A. bicolor bicolor were collected by fishermen. Map showing the
location of Segara Anakan in Java Island, Indonesia near Indian Ocean.
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Fig. 2 Diagram showing measurements used for determining silvering stages of A. bicol-
or bicolor from Segara Anakan, Indonesia.
Base pectoral fin（BPF）, black color coverage of pectoral fin（BPC:▲）, black dorsal col-
oration（BDC:●）, dorsal line（DL）, lateral midline（LML）, metallic belly coloration（MBC:
●）（metallic hue at the base of pectoral fin（MBP:■）, pectoral fin length（PFL）, ventral
line（VL）

Fig. 3 Diagram showing morphological measurements of Anguilla bicolor bicolor from Se-
gara Anakan, Indonesia.
Ano-dorsal length（ADL）, Anal fin height（AFH）, dorsal fin height（DFH）, eye diame-
ter, horizontal（ED2）, eye diameter vertical（ED1）, lower jaw length（LJL）, lower lip
depth（LL）, nostril length（NL）, pectoral fin length（PFL）, pre-anal fin length（PAL）,
pre-dorsal fin length（PDL）, snout length（SNL）, tail height（TH）, upper jaw length

（UJL）, upper lip depth（UL）of A. bicolor bicolor from Segara Anakan in Cilacap, Cen-
tral Java, Indonesia.
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ured using analytical scales. Specimens with a
body weight of ＜ 510 g were measured to the
nearest 0. 01 g, while specimens with a body
weight of ＞ 510 g was measured to the nearest
1 g.

Fifteen morphometric measurements were in-
corporated into the present study and these
were; ano-dorsal length（ADL）, anal fin height

（AFH）, dorsal fin height（DFH）, eye diameter
vertical（ED1）, eye diameter horizontal（ED2）,
lower jaw length（LJL）, lower lip depth（LL）,
nostril length（NL）, pre-anal fin length（PAL）,
pre-dorsal fin length（PDL）, pectoral fin length

（PFL）, snout length（SNL）, tail height（TH）,
total length（TL）, upper jaw length（UJL）and
upper lip depth（UL）.

ADL was measured the distance between the
origins of the dorsal and anus. TH, DFH and
AFH were measured at 98% of TL and these
were used to calculate: tail height to total length
ratio（TI）, TI = 100 TH TL－1, dorsal fin height
to total length ratio（DFI）, DFI = 100 DFH TL－1,
anal fin height to total length ratio（AFI）, AFI =
100 AFH TL－1. Measurements of PFL, SNL, NL,
UL, LL, UJL, LJL were taken from the left side of
specimens and were used to calculate pectoral
fin length to total length ratio（PFI）, PFI = 100
PFL TL－1, snout length to total length ratio

（SNI）, SNI = I00 SNL TL－1, nostril length to to-
tal length ratio（NI）, NI = 100 NL TL－1 , upper
lip depth to total length ratio（UDI）, UDI = 100
UJL TL－1, lower lip depth to total length ratio

（LDI）, LDI = 100 LJL TL-1, upper jaw length to
total length ratio（UJI）, UJI = 100 UL TL－1,
lower jaw length to total length ratio（LJI）, LJI
= 100 UL TL－1. Measurements of ED1 and ED2
were used to calculate eye index（EI）, EI = 100
π TL－1［0.25（ED1 + ED2）］2（PANKHURST, 1982）.
Fulton’s condition factor（K）was calculated us-
ing the BW and TL and used to describe the
condition of specimens, K = 106 BW TL－3. Gonad

somatic index（GSI）was calculated as a per-
centage of body weight（GW）, GSI = 100 GW
BW－1.

Statistical analysis
Statistical analyses were performed on the da-

ta to compare variance of indices using Kruskal-
Wallis test followed by Pairwise test using Ben-
ferroni correction to determine the level of
significance between stages. Correlation be-
tween indices and developmental stages were
analyzed using Kendall correlation. All statistical
analyses were conducted using SPSS software
version 24.0（SPSS Inc., Chicago, IL, USA）.

We further categorized morphological changes
into three indices which were; development in-
dex, locomotion index and feeding behavior in-
dex. The development index included GSI and K,
meant to indicate readiness to migrate to spawn-
ing locations. Locomotion index included TI, DFI,
AFI, PFI and EI, meant to indicate changes to lo-
comotory appendages as yellow eels which are
benthic dwellers metamophose to silver eels
which are pelagic or mesopelagic swimmers and
require optimal swimming capabilities to reach
distant spawning locations. Feeding behavior in-
dex included NI, UJI, LJI, UDI, LDI and SNI, indi-
cates changes to feeding appendages which
gradually occur as silver eels stop feeding prior
to migratory behavior.

3. Results
Observation of body color

From the 107 specimens in total, there were 68
males and 39 females. The present study was
able to distinguish five developmental stages
based on external morphological characters for
both males and females（Fig. 4）and these were
designated as: Y1, Y2, S1, S2 and S3. Morphologi-
cal differences can be practically used in the field
to distinguish between stages（Fig 5）.
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Y1 has a yellow colored belly, without metallic
pigmentation. Pectoral fins without black colora-
tion and the base of pectoral fins without metal-
lic hue.

Y2 has similar coloration on belly and base of
pectoral fins as Y1, but with black coloration on
pectoral fins.

S1 has ＜ 60% of belly covered with metallic
pigmentation. Black color coverage on pectoral
fins are ≤ 80% and with ＜ 50% metallic hue at
the base of pectoral fins.

S2 has ≤ 80% but ≥ 60% of belly covered with
metallic pigmentation and black color coverage
of pectoral fins ≥ 50% but ≤ 70%. Metallic hue at

the base of pectoral fins is similar to that of S1,
＜ 50%.

S3 has ＞ 80% metallic pigmentation on the
belly with ＞ 80% black color coverage of pector-
al fins and ＞ 70% metallic hue color at the base
of pectoral fins.

There is an increasing trend in the percentage
of metallic pigmentation（silver belly coloration）,
black color coverage of pectoral fins and metallic
hue coverage at the base of pectoral fins with in-
crease in silvering stages（Fig 6）.

Y1 had a total of 30 specimens, with TL of
males（n = 19）ranging from 265Ȃ384 mm and
females（n = 11）from 390Ȃ513 mm,（Fig 6）. Y2

Fig. 4 Morphological characteristics of silvering stages based on body and pec-
toral fin coloration in males and females of Anguilla bicolor bicolor from Segara
Anakan. For Y1, Y2, S1, S2 and S3, see text. Bar length 10 mm.
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had 24 specimens with TL of males（n = 14）
ranging from 327Ȃ429 mm, while females（n =
10）from 441Ȃ780 mm. S1 had 12 specimens with
TL of males（n = 6）ranging from 350Ȃ442 mm
and females（n = 6）from 674Ȃ799 mm. S2 had 20
specimens with TL of males（n = 14）ranging
from 342Ȃ501 mm and females（n = 6）from 702Ȃ
829 mm. Finally S3 had 21 specimens with TL of
males（n = 15）ranging from 409Ȃ496 mm and
females（n = 6）from 785Ȃ937 mm.

Morphological measurement
Based on Kruskal Wallis test, there were sig-

nificant differences of the following indices be-
tween the various silvering stages in males and
females（P ＜ 0.01）; K, GSI, TI, DFI, AFI, PFI, EI,
and NI, in males only（P ＜ 0.01）; UJI and LJI
and in females only（P ＜ 0.05）; LDI. While there
were no significant differences of UDI and SNI.
TL of males were notably smaller than females
and ranged from 342 mmȂ501 mm with mean ±

Fig. 5 Diagram showing morphological differences of color to
distinguish between stages of females and males Anguilla bi-
color bicolor from Segara Anakan, Indonesia
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SD of 414.83 ± 40.38 mm, while that of females
ranged from 674 mmȂ937 mm（786.11 ± 68.98
mm）.

Development index
For both male and female A. bicolor bicolor

there was a trend of a gradual increase in K and
GSI with progression of silvering stages（Fig. 7）.
In male silver stages（S1ȂS3）displayed sgifi-
cantly higher K and GSI compared to Y1 stages.
Y2 was observed to have significantly lower GSI

compared to S2 and S3. For both male and fe-
male there was no significantly differences K an
GSI between three silver stages（S1ȂS3）（P ＜
0.05). Based on Kendall correlation, K and GSI
showed strong positive correlations between sil-
vering stages in both males and females（P ＜
0.01).

Locomotion index
There was a general increase of locomotion in-

dices（TI, DFI, AFI, PFI, and EI）with incre-

Fig. 6 Percentage of silver belly coloration, black color coverage of pectoral fin, and metallic hue at
the base of pectoral fin in silvering stages of male and female Anguilla bicolor bicolor from Segara
Anakan, Indonesia.
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ment of stages in both males and females（Fig.
8）. In males all five locomotion indices（TI, DFI,
AFI, PFI and EI）within silver stages（S1ȂS3）
were significantly higher than those of Y1. All in-
dices of Y2 were significantly lower than those
of S2 and S3（P ＜ 0.05）.

In females all five locomotion indices of Y1 had
significantly lower than those of S1 and S2. S3
was observed to have significantly higher AFI,
PFI and EI compared to Y1. Y2 was significantly
lower TI, DFI, AFI than those of S1 and S2. S3
was observed to have significantly higher TI,
AFI, EI compared to Y2（P ＜ 0.05）. Based on
Kendall correlation, both males and females
showed positive correlation between locomotion
indices and developmental stages （P ＜ 0.01）.

Feeding behavior Index
In males the UJI and LJI of S3 were signifi-

cantly higher than those of Y1. NI of Y1was sig-
nificantly higher than that of Y2 and S2. Y2 dis-

played significantly higher NI compared to S2（P
＜ 0.05）. Based on Kendall correlation, UJI and
LJI showed positive correlation with develop-
mental stages, while negative correlation be-
tween NI and developmental stages（P ＜ 0.01）

（Fig. 9）.
In females S3 was significantly lower NI and

LDI than those of Y1. NI of Y2 was significantly
higher than that of S3. Based on Kendall correla-
tion, NI and LDI showed negative correlation
with developmental stages（P ＜ 0.01）（Fig. 9）.

Seasonal occurrence
Silvering females were caught during most

months of the year（Table 1）, while silvering
males were only caught during May 2017 and
May-June 2018. Silvering females were also ob-
served in both the wet months of the year（De-
cember to March）and dry months（May to June）
in Segara Anakan with corresponding peak sea-
son for females the same as males which was in

Fig. 7 The development indices in silvering stages of male and female Anguilla bicolor bicolor from
Segara Anakan, Indonesia.
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Fig. 8 The locomotion indices in silvering stages of male and female Anguilla bicolor bicolor from
Segara Anakan, Indonesia.
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May 2017 and 2018, during the dry months.

4. Discussion
Body and pectoral fin coloration in silvering
stages

The present study is the first to identify the
difference in size of silvering female and male A.
bicolor bicolor and categorize the silvering
stages of both sexes collected from Segara Ana-
kan in Indonesia based on body and pectoral fin
coloration into 5 stages: Y1, Y2, S1, S2 and S3.
When comparing the 5 silvering stages of A. bi-
color bicolor of the present study to similar stud-
ies, OKAMURA et al.（2007）and HAGIHARA et al.

（2012）demarcated silvering stages of A. japoni-
ca in Mikawa Bay, Japan and A. celebesensis, in
Poso Lake, Sulawesi Indonesia respectively into
4 stages: Y1, Y2, S1 and S2. Furthermore
HAGIHARA et al.（2012）also described the silver-
ing stages of A. marmorata from the same area
which were grouped into 3 stages: Y1, Y2, and
S1. The silvering stages of female A. bicolor bi-
color from Segara Anakan, Indonesia reported

by ARAI et al.（2016）and female A. bicolor bicol-
or and A. bengalensis bengalensis from Penang,
Malaysia（ARAI and ABDUL KADIR, 2017）were
grouped into 5 stages but these were based on
the development of GSI and gonad histology. Ad-
ditionally, male A. bicolor bicolor from Penang,
Malaysia was grouped in to 3 stages and male A.
bengalensis bengalensis into 2 stages by ARAI and
ABDUL KADIR（2017）. Discrimination of silvering
eels employing gonadal histology is invasive,
therefore a more practical method utilizing ex-
ternal morphological characters such as body
and pectoral fin coloration presented in the pres-
ent study will enable easy identification for moni-
toring studies within the South-east Asian re-
gion.

The synchronous development of silver colora-
tion on the body and pectoral fins together with
the maturation of gonads which were observed
for tropical eel A. bicolor bicolor of the present
study have also been observed in several species
of temperate eels: A. japonica（HAN et al., 2003;
OKAMURA et al., 2007）, A. anguilla（DURIF et al.,

Table 1. Catch date, total length and body weight of silver phase Anguilla bicolor bicolor used in
present study

Date Sex Sample Total length（mm） Body weight（g） Season
size（n） range mean ± SD range mean ± SD

Dec 31th, 2015 F 1 818 905 R
Jan 29th, 2016 F 1 937 1565 R
Feb 1st, 2016 F 1 908 1400 R

May 18th, 2016 F 1 810 1100 D
Aug 27th, 2016 F 1 785 1200 D
Sep 19th, 2016 F 1 745 870 D
May 4th, 2017 F 3 702ȂÿùĀ 754.67 ± 66.21 533Ȃ935 801.33 ± 215.27 D
May 5th, 2017 M 29 342Ȃ501 430.10 ± 39.50 83Ȃ199 134.50 ± 35.17 D
May 10th, 2017 F 9 674Ȃ866 764.78 ± 54.94 537Ȃ1339 815.70 ± 226.79 D
May 23th, 2018 M 5 350Ȃ456 430.10 ± 134.50 78Ȃ160 134.50 ± 35.17 D
June 2nd, 2018 M 1 450 125 D

R: Rainy season, D: Dry season
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Fig. 9 The feeding behavior indices in silvering stages of male and female Auguilla bicolor bicolor
from Segara Anakan, Indonesia.



102 La mer 57, 2019

2005）, A. dieffenbachii, A. australis（TODD, 1981）
and other tropical eels: A. bicolor bicolor,

（ROBINET and FEUNTEUN, 2002）, A. celebesensis
and A. marmorata（HAGIHARA et al., 2012）. Both
temperate and tropical anguillid eels displayed
similar morphological development during the
silvering process with dorsal regions developing
black coloration while ventral regions a metallic
silver coloration. The pectoral fins also devel-
oped darker coloration until the distal portion of
the base of the pectoral fin which displayed gold-
en or silver coloration.（TODD, 1981; ROBINET and
FEUNTEUN, 2002; DURIF et al., 2005; OKAMURA et al.,
2007; HAGIHARA et al., 2012）. HAN et al.（2003）
suggested that these changes in skin coloration
were highly correlated with gonadal develop-
ment in Japanese eels and therefore the external
morphological changes observed in the present
study for A. bicolor bicolor supports that sugges-
tion.

Morphological and physiological changes
Firstly the development indices of the present

study, K and GSI were observed to increase with
the increase of silvering stages（Fig. 7）. DURIF et
al.（2005）reported similar results for A. anguil-
la and suggested that with increasing sexual ma-
turity, anguillid eels tend to increase in size and
K. In most species of anguillid eels it has been re-
ported that female eels tend to maximize their
size, i. e. K, in order to maximize fecundity

（WENNER and MUSICK, 1974; VOLLESTAD and
JONSSON, 1986; HELFMAN et al., 1987）. For large A.
anguilla, DURIF et al.（2006）observed that gonad
weight（GSI）increased exponentially with size
at maturation and that larger silver eels devel-
oped proportionally more gonads as compared to
smaller silver eels, suggesting that an increase in
K would facilitate greater reproductive success.
DURIF et al.（2006）further reported that K or fat
content of female eels directly impacts the ca-

pacity for egg production and also provides ener-
gy reserves for spawning migrations. Although
there was no significant increase of GSI ex-
pressed in the present study, there is a noticea-
ble increasing trend of GSI with sexual maturity.
This is similar to those of several studies（TODD,
1981; HAN et al., 2003; DURIF et al., 2006）. In A. an-
guilla, DURIF et al.,（2006）reported that matura-
tion was characterized by the weight of gonads
which in turn reflected fecundity. TODD（1981）
further reported that higher GSI values in A.
australis and A. dieffenbachii displayed greater
oocyte diameter while ARAI and KADIR（2017）
stated that tropical eels, A. bengalensis and A. bi-
color bicolor both displayed greater develop-
ment of the gonad structure with increase in
GSI. Therefore it is clear that increasing develop-
ment indices with increasing sexual maturity ob-
served for A. bicolor bicolor in the present study
correlates to an adaptive feature which would
enable greater reproductive success and migra-
tion success and is typical for most anguillid eels.

Secondly, locomotion indices of the present
study（Fig. 8）displayed a general increasing
trend of all indices from early yellow stages to
late silver stages. The increase in PFI is an im-
portant adaptation for anguillid eels during their
spawning migrations as pectoral fins act as sta-
bilizers and aids in predator avoidance（HAGIHARA

et al., 2012）. The present study is also the first to
provide information on DFI, AFI and TI for an-
guillid eels which displayed increasing trends
with increase in silvering stages. Increase in all
aspects of the caudal fin region i.e. DFI, AFI and
TI will improve swimming ability during spawn-
ing migration（MULLER et al., 2001）. Further-
more the EI of A. bicolor bicolor in our study al-
so displayed an increasing trend of 3.82Ȃfolds in
males and 1.78Ȃfolds in females with increasing
sexual maturity from yellow to silver stages（Fig.
7）. The increase in size of the eyes（EI）in the
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present study may also function in aiding of
predator detection during oceanic migrations to
spawning locations. This has also been observed
for several other species of anguillid eels such as
A. australis, A. dieffenbachii（TODD, 1981）and
A. anguilla（NOWOSAD et al., 2014）. The present
study was also the first to provide silvering indi-
ces for males of A. bicolor bicolor from Indone-
sia. The EI of late silver males in this study（11.92
± 1.75）was also found to be considerable high-
er than other anguillid eels, A. bengalensis benga-
lensis and A. bicolor bicolor from Malaysia（6.09
± 1.08 and 7.65 ± 2.49, respectively）（ARAI and
ABDUL KADIR, 2017）, A. japonica（5. 7 ± 0. 6）

（YOKOUCHI et al., 2009）and A. anguilla（9.9 ± 1.6）
（DURIF et al., 2005）.

The feeding behavior index, i.e. UDI, and SNI
of A. bicolor bicolor of both sexes in this study
did not display degression with progression of
silvering stages from Y1 to S3. UJI and LJI in
males showed the increasing trend with progres-
sion of silvering stages, while LDI in females
showed the decreasing trend with progression of
silvering stages. NI in both males and females
showed the decreasing trend with progression of
silvering stages（Fig. 9）. Furthermore all sam-
ples for this study including late stage silver eels
were lured and collected using baited traps and
hooks. These results suggest that silver eels of
A. bicolor bicolor from Segara Anakan were
feeding individuals even at late stage（S3）silver
eels. This is in contrast to temperate eels such as
A. anguilla, A. rostrata and A. japonica. DURIF et
al.（2005）reported that A. anguilla ceased feed-
ing at the onset of silver eel maturation, which
resulted in degeneration of the gut. PANKHURST

and SORENSEN（1984）, LIONETTO et al.（1996）and
OKAMURA et al.（2007）also observed similar de-
generation of the elementary tract in silver eels
of A. anguilla, A. rostrata and A. japonica respec-
tively. This degeneration may also be a result of

cessation in feeding. We suggest that A. bicolor
bicolor may be feeding individuals right up until
they begin oceanic migrations. Furthermore it is
possible that A. bicolor bicolor cease feeding as
soon as oceanic migration commences as evident
through the decrease in NI. Nostrils of anguillid
eels are connected to the olfactory organ which
plays an important role in the location of feed

（ATTA, 2013）. Therefore a decrease in NI with
sexual maturity suggests that although late
stage silver eels feed within continental waters
they may cease feeding at the onset of oceanic
migration. With very few studies on silvering
stages of tropical eels and even fewer on com-
parison of feeding behavior indices of tropical sil-
ver eels it is important that similar studies are
conducted on other tropical anguillid species to
verify if this hypothesis is common for other
tropical species.

Although silver eel collections during the pres-
ent study were conducted intermittently by local
fishermen, a seasonal trend could be observed
for both males and females. Female silver eels
were observed relatively throughout the year in
low numbers with peak collection periods during
the dry season in May 2017 and 2018. This is typ-
ical for tropical anguillid eels which have been
suggested to spawn throughout the year（KUROKI

et al., 2009）. Males however were only collected
during the dry months of the year, in May 2017
and May-June 2018, of 35 samples which also cor-
responds to peak collection seasons for females

（Table 1）. As there may have been shortcom-
ings with the frequency and effort of eel collec-
tion by fishermen, it is entirely possible that
males were also present during the year but
were simply not collected. Additionally it may be
fairly assumed that peak silver eel migration pe-
riods of A. bicolor bicolor in the Segara Anakan
are during the dry seasons around May. Tem-
perate anguilld eels A. japonica（MATSUI, 1957）,
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A. rostrata（JESSOP, 1987）, A. anguilla（VOLLESTAD

et al., 1986）, A. australis and A. diefffenbachii
（TODD, 1981; SLOANE, 1984; JELLYMAN, 1987）all
make their spawning migrations either during
fall or winter seasons. VOLLESTAD et al.（1986）
further reported that high water discharge and
low temperature were the main factors influenc-
ing the onset of A. anguilla silver eel runs.
Therefore peak silver eel runs for A. bicolor bi-
color from Segara Anakan seem to be triggered
by low temperatures rather than rainfall, as dry
seasons are also relatively cold seasons in the
Java region and this is when majority of silver
eels were captured in the present study. Aver-
age temperatures and rainfall per month during
May-August 2017 was 30 ℃ and 122 mm respec-
tively, compared to 32 ℃ and 375 mm respec-
tively for September 2017ȂApril 2018（Indonesi-
an Central Bureau of Statistics, 2019a, b）. Con-
traction of habitat and reduction of resource
availability brought on by dry seasons may trig-
ger eels in Segara Anakan to commence spawn-
ing migrations.

The present study was able to provide infor-
mation on the morphological differences of sil-
vering stages in A. bicolor bicolor of both sexes
from the Segara Anakan Estuary. Two yellow
eel and three silver eel stages were differentiat-
ed using clear and easily distinguishable exter-
nal morphological characters. An identification
key using external morphological features pre-
sented in this study will enable fisheries agen-
cies to quickly and conveniently distinguish the
various silver eel stages. This will abate in the
monitoring of silver eel migration patterns in the
region and assist in conservation programs
aimed at effectively utilizing this species. The
present study was only able to collect samples
from fishermen when they were available and a
more systematic approach is required to obtain a
more robust understanding of the abundance

and seasonality of A. bicolor bicolor silver eel mi-
grations in the Segara Anakan Estuary. Current-
ly this species is listed as ‘near threatened’ by
the IUCN Red List of Threatened Species

（JACOBY et al., 2014）and further life history
studies are required for the promulgation of ef-
fective conservation programs in the future.
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1. 緒言
有明海産のシラウオ科 Salangidae 魚類 3 種（ア

リアケヒメシラウオ Neosalanx reganius Wakiya

and Takahashi, 1937, アリアケシラウオ Salanx
ariakensis Kishinouye, 1902 およびシラウオ Sal-
angichthys microdon（Bleeker, 1860））（WAKIYA

and TAKAHASHI, 1937; 日比野ほか，2002b; 細谷，
2013）の内，前二者は日本において有明海にのみ
分布し（WAKIYA and TAKAHASHI, 1937），環境省
レッドリストにおいて絶滅危惧 IA 類に選定され
ている（小早川，2015）。特に，アリアケシラウオ
は本邦に分布するシラウオ科中，最大となり，沿
岸域から河川感潮域まで分布し，その資源量は著
しく減少しているが（小早川，2015），本種の生活
史，特に再生産に関する情報は断片的または不十
分なものしかない。その中で，本種の産卵場につ
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いては，成熟雌・雄個体および卵黄嚢期仔魚の採
集によって，河川感潮域上端で産卵すると推測さ
れているに過ぎない（水谷ほか，2000; 日比野ほ
か，2002a; 水谷・松井，2006）。

本科他種をみると，アリアケヒメシラウオは淡
水性が強い感潮域上部に（田北，1966），シラウオ
は汽水域に（千田，1973a，b），有明海には分布し
ないイシカワシラウオ Salangichthys ishikawae
Wakiya and Takahashi, 1913（細谷，2013）は外
海に面する沿岸に（SENTA et al., 1986; 宮内・千田，
1989），それぞれ主に分布し，通し回遊は行わない。
松井・水谷（2001）で示唆されているように，ア
リアケシラウオが遡河回遊魚ならば，本種のみが
特異な生活史をもつことになる。

近年，明らかに激減した絶滅危惧種であるアリ
アケシラウオの保全は緊急の課題であり，その解
決には再生産の過程を明らかにすることが極めて
重要である。本報告では，採集時の詳細な物理環
境と共に，本種の産卵場について再検討した。

2. 材料と方法
仔稚魚調査は 2014 から 2017 年の 4 年間（Ta-

ble 1），秋季（11 もしくは 12 月）の大潮前後に，
有明海湾奥部に設けた 32 定点（2017 年）から 35
定点（2015 年）（Fig. 1）で行った。浮遊個体を採
集するために稚魚ネット（口径 1.3 m，網目 0.5
mm）による近底層から表層までの傾斜曳を行っ
たが，その中で，懸濁物の多い河川感潮域（Stns.
0Ȃ5, 33Ȃ36, 50Ȃ53）では目詰まりを軽減するため

網目を 1 mm とした。仔稚魚の密度（n・100 m－2）
は，網口に装着した濾水計（General Oceanics,
2030R）の回転数から求めた濾水量（V, m3）とメ
モリー深度計（Alec Electronics, Mark5）による
最大水深（d, m）から［n・d・V－1・100］の式に
よって求めた。底生個体は，桁網［KUIPERS（1975）
を改変: 網口幅（1.5 m），高さ（0.25 m），網目
(2 mm)] によって採集した。その仔稚魚の密度

（n・100 m－2）は GPS（Garmin, Colorado 300）で
計測した曳網距離（m）に網口幅を乗じた曳網面
積（A, m2）を算出して，［n・A－1・100］によっ
て求めた。

各採集物は船上にて 10％ホルマリン溶液で固
定し，直ちに実験室に持ち帰り，選別後 80％エタ
ノール液で保存した。試料は，発育段階（KENDALL

et al., 1984）毎に，体長（BL）［屈曲期以前で脊索
長（NL），後屈曲期以降で標準体長（SL）］，体高

（胸鰭基底，BD）および最大卵黄高（ymh）（Fig.
3 を見よ）を計測した。

物理環境は全ての定点において，水温（℃），塩
分，濁度（NTU）を Compact-STD（JFE アレッ
ク，ASTD687）で表層から，流向・流速（kt）を
ADCP（RD Instruments, WHSZ-1200ȂⅠ-UG12）
で水深 1 m から，それぞれ水底までを 0.5 m 間隔
で，各定点で停船して計測した。観測線（Axis）
を Stn. 63 を起点として，それぞれ諫早湾（Axis-
1），塩田川（Axis-2），六角川（Axis-3），早津江川

（Axis-4）および沖端川（Axis-5）まで設けた（Fig.
1）。

Table 1. Collection records of Salanx ariakensis larvae by a larva net in Ariake Bay in November 2014 and
2015, and December 2016 and 2017. A, yolk-sac larva; B, preflexion larva; C, flexion larva; D, postflex-
ion larva.

Date Year Stn. in Fig. 1 Collected
number

Parameters at surface Developmental
stage BL（mm）

Salinity Turbidity
23, 24 Nov.
25, 26 Nov.
13, 15, 17 Dec.
3Ȃ5 Dec.

2014
2015
2016
2017

37, 38, 54
37, 52Ȃ54
6Ȃ8, 37, 66
8, 9, 30, 37, 38, 53, 65

3
7

14
31

27.0Ȃ29.7
23.2Ȃ28.3
24.9Ȃ29.6
24.2Ȃ29.6

4.1Ȃ13.2
12.2Ȃ49.6
6.4Ȃ51.0
7.9Ȃ40.6

B, C
B, C
AȂD
AȂD

6.3Ȃ12.2
9.8Ȃ14.7
6.2Ȃ20.6
5.2Ȃ18.4

Total 6Ȃ9, 30, 37, 38, 52Ȃ54,
65, 66 55 23.2Ȃ29.7 4.1Ȃ51.0 AȂD 5.2Ȃ20.6
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2014 から 2017 年の 4 年間で，アリアケシラウ
オの卵黄嚢期仔魚から後屈曲期仔魚，合計 55 尾

（5.2Ȃ20.6 mm BL）が採集された（Table 1）。本報
告は，最も多く採集された主に 2017 年の試料に

基づいて記述した。
本研究で用いた仔魚は，筋節数が 70 以上，尾柄

部背面に黒色素胞がなく，臀鰭基底起部は背鰭第
6 軟条直下であったことからアリアケシラウオと

Fig. 1 Chart of Ariake Bay showing the stations where fish larvae and juveniles were sur-
veyed in November 2014 and 2015, and December 2016 and 2017. Pelagic fishes were
collected by oblique tows from near the bottom to surface with a larva net at all circle
stations, of witch, double circles were the stations at which demersal fishes were collect-
ed also by a beam trawl. Solid（flood tide）and shade（ebb tide）arrows show tidal di-
rection and magnitude（kt）at 1 m depth of each station, when larvae and juveniles
were collected in 2017. Five dotted axes extended from a core station（Stn. 63）to each
area are to observe profiles of water parameters.
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同定した（WAKIYA and TAKAHASHI, 1937; 水谷ほ
か，2000; 日比野ほか，2002a）。形態記載に用い
た個体は，高知大学海洋生物研究教育施設に
UKU 161000Ȃ161003 として登録した。

3. 結果
3.1 物理環境

2017 年 12 月，主に上げ潮時での河川内では，
六角川での最速 3.2 kt，早津江川での最速 1.6 kt
の比較的速い潮流が，塩田川では 0.5 kt 以下と比
較的遅い潮流がそれぞれ観測された。一方，主に
下げ潮時の河口から沿岸域では，六角川沖の

Axis-3 から Axis-1 のものが 0.8Ȃ1.6 kt と卓越し，
諫早湾では著しく遅い潮流であった（Fig. 1）。水
温および塩分でみると，塩田川，六角川および早
津江川では河口から上流にかけての水塊は強混合
状の高濁度水塊であった（Fig. 2（a, b））。河川内
では，著しく変化した塩分は，河口から湾奥部に
かけては，緩やかに 30 前後まで増加した（Fig. 2

（b））。濁度（NTU）は，六角川および塩田川の
1900 以上，早津江川の 500 以上と著しく高かった
が，河口から沖合もしくは諫早湾にかけて徐々に
減退し，10 以下になっていた（Fig. 2（c））。

Fig. 2 Vertical and horizontal profiles of water parameters along each axis（see Fig. 1）in December 2017.
Triangles under horizontal axes indicate river mouths. Shade areas indicate waters in which Salanx
ariakensis larvae were collected with a larva net.
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3.2 仔魚の形態（Figs. 3, 4）
2017 年 12 月に採集された仔魚は，体長（以下

略）5.2Ȃ18.4 mm の卵黄嚢期仔魚から後屈曲期仔
魚であり（Table 1, Fig. 3），その中でも，卵黄嚢
期と前屈曲期（5.2Ȃ12.8 mm）の仔魚が，全体のお
よそ 2/3 を占めた（Fig. 4）。

日比野ほか（2002a）は，本種の天然仔魚に関し
て詳細な形態記載を行っているが，卵黄に関して
ほとんど触れていなかった。そこで本報告では卵
黄の推移を中心に個体発生を記載する。筋節数
は，各発育段階を通して 52Ȃ55 + 16Ȃ21 = 70Ȃ74
であった（Fig. 3）。6 mm 未満の個体では，眼は
黒化，口および肛門は開口していた。卵黄は直腸
まで達しており，約 6 mm で完全に消滅するま
で，最後まで体軸とは垂直の方向に吸収され，卵
黄嚢の高さは低くなっていった（Fig. 3（a））。最
大卵黄高 / 体高は，約 5 mm で約 50% であった
が，約 6 mm で 0% になっていた。卵黄吸収後，

脊索尾端の上屈は約 13 mm で始まり，約 16 mm
で完了し，尾鰭主鰭条もほぼ完成していた。臀・
背鰭の基底は，前屈曲期中・屈曲期中にそれぞれ
分化し始め，鰭条は，臀鰭では屈曲期中に分化し
始めたが，背鰭では全く分化しておらず，背・臀
鰭の発達は非同時的であった。その後，後屈曲期
においても，両鰭の鰭条は後半部を残し未完成で
あった。

顕著な黒色素胞について述べると，卵黄には，
その腹縁正中線を中心に微小な黒色素胞が散在し
ていた。卵黄吸収に伴い，これらの色素は消失し
ていったが，腹縁膜鰭に 20Ȃ25 個の比較的大きな
点状の色素が胸部から直腸に渡って一列をなして
いた。この色素列は，発育に伴う膜鰭の退縮に
よって腸下縁へと移動していた。尾柄部背縁の黒
色素胞は，全発育段階を通して出現していなかっ
た（Fig. 3（a-d））。

Fig. 3 Developmental stages of Salanx ariakensis collected in the present study. a,
5.3 mm yolk-sac larva（UKU-161000）; b, 8.3 mm preflexion larva（UKU-161001）; c,
14.0 mm flexion larva（UKU-161002）; d, 18.4 mm postflexion larva（UKU-161003）.
ymh = yolk sac maximum height.
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3.3 仔魚の分布
2017 年 12 月の調査では，仔魚は，稚魚ネット

によってのみ採集され，桁網ではいずれの定点で
も全く採集されなかった。仔魚は河口付近（Stns.
30, 37, 53, 65）および湾奥部（Stns. 8, 9, 38）で出
現し，河川内（Stns. 0Ȃ7, 33Ȃ36, 50Ȃ52）および諫
早湾（Stns. 11Ȃ13, 61, 62）では，出現しなかった

（Fig. 5）。発育段階別にみると，卵黄嚢期仔魚
(5.2Ȃ6.1 mm）は，早津江川と沖端川の河口周辺

（Stns. 30, 37, 65）および早津江川の澪筋（Stn. 38）
で出現した一方，後屈曲期仔魚（16.0Ȃ18.4 mm）
は，湾奥部（Stn. 9），早津江川の澪筋（Stn. 38）
および塩田川河口（Stn. 53）で出現した（Fig. 5）。
これらを各観測線（Axis）の物理環境の水平分布

と照らし合わせると，仔魚は，おおよそ水温
11Ȃ14℃，塩分 24Ȃ30，濁度 8Ȃ60 の範囲で出現し，
有明海湾奥部にしては比較的高鹹で低濁度の水塊
に分布していた（Fig. 2）。

一方，2014Ȃ2016 年では，本種仔魚は 2017 年と
同様に河口周辺の水域での稚魚ネットの傾斜曳に
よって採集され，河川感潮域および桁網では全く
採取されなかった（Table 1）。特に，卵黄嚢期仔
魚および前屈曲期仔魚をみると，2014 年では早津
江川河口周辺で，2015 年では塩田川河口域で，
2016 年では矢部川の河口沖で出現した。仔魚の
出現した定点の表層の物理環境は，おおよそ塩分
23Ȃ30，濁度 4Ȃ51 の範囲であり，これら 3ヶ年の
傾向は 2017 年のものとほぼ一致した。

Fig. 4 Size frequency distribution for developmental stages（top）and absorp-
tion process of yolk with growth（bottom）in Salanx ariakensis larvae（yolk sac
maximum height: see Fig. 3）.
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4. 考察
本種の肛門直前まで達する細長い卵黄は，本

科 他 種 の 仔 魚 に も み ら れ る が（OKADA and
MORI, 1958; 田北，1966），本種と同じキュウリウ
オ亜目 Osmeroidei に属するキュウリウオ科 Os-
meridae とアユ科 Plecoglossidae（NELSON et al.,
2016）の卵黄は，躯幹部前半部までの一般的なも
のであり（疋田，1958; 内田，1958; YAMADA, 1963;
YANAGAWA, 1978; TACHIHARA and KAWAGUCHI,
2003），本種の卵黄はキュウリウオ亜目中，シラウ
オ科特有の形質であると言える。ちなみに，長大
な卵黄はコイ科 Cyprinidae では普遍的な形質で
ある（宮地ほか，1963; SAKAI, 1990）。

この特異な卵黄から，内部栄養期を長時間過ご
すと想像されるが，本種の卵黄は，体長 5Ȃ6 mm
という狭い範囲で吸収され，極めて短期間の成長

で消費されていると推測される。飼育された個体
では，孵化後遅くとも 2 日までは，この長大な卵
黄は残っている（水谷ほか，2000）。しかし，この
孵化後 2 日目の個体では，腹縁の色素列は既に腸
に移っており，我々の卵黄嚢期仔魚（Fig. 3（a））
と比較して，明らかに色素の発達がより進んでお
り，孵化直後の仔魚の色素分布などについては，
今後，検討するべきである。この卵黄吸収の時間
的経過は天然仔魚の耳石輪紋を用いて明らかにす
る必要がある。

本研究では，河川内からアリアケシラウオ仔魚
は採集されず，仔魚が出現した定点の物理環境は
比較的，高鹹かつ低濁度を示し，卵黄嚢期仔魚は，
早津江川と沖端川の河口周辺に集中していた

（Figs. 2, 5）。水谷ほか（2000）および日比野ほか
（2002a）は，本研究の筑後川での最上流の定点
（Stn. 33）から約 7 km 上流で，本種の一対の雌雄
成熟個体および卵黄嚢期個体をそれぞれ採取し，
両者とも本種の産卵場は河川感潮域上端と推測し
ている。日比野ほか（2002a）での早期仔魚を採取
した定点と水谷ほか（2000）での親魚を採取した
定点は，ほぼ同水域と考えられ，そこでの塩分は
常に 0 ではなく，潮汐によっては 0.1Ȃ0.5 を示す
こともある（日比野ほか，1999; 平井，2002）。ま
た，我々の Stn. 33 の 2017 年 12 月における塩分
は 6 以下であったが，潮汐によって，ほぼ 0 にな
ることも珍しくない（SIMANJUNTAK, 2016）。すな
わち，前・後者の調査点は，距離的には離れてい
るが，同じ感潮域に含まれ，前者の感潮域最上端
付近のみが産卵場であるとは考えがたい。

本研究では，稚魚ネットの傾斜曳によって，仔
稚魚を近底層から表層まで把握した。仮に，河川
外で本種の卵黄嚢期仔魚が中層から近底層に分布
するならば，稚魚ネットの表層曳によって調査し
た日比野ほか（2002a）は，これらを見逃していた
可能性がある。日比野ほか（2002a）も，同河口付
近で卵黄嚢期仔魚を採取している。

河口付近で産卵・孵化する特産種のハゼクチ
Acanthogobius hasta（内田，1936）の卵黄嚢期仔
魚の一部は上げ潮によって塩分 0 に近い河川感潮
域上部にまで達することを考慮すると（異儀田，

Fig. 5 Horizontal distribution of Salanx ariakensis
larvae collected by a larva net in Ariake Bay, De-
cember 2017. The diameter of each circle is
drawn in proportion to the square root of density

（n･100 m－2）, of which the largest was 24 at Stn.
38. Numeral beside each circle shows station
number（see Fig. 1）.
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1986; 東島ほか，未発表），本種の卵黄嚢期仔魚お
よび成魚も，1.5 kt を超える（Fig. 1）上げ潮によっ
て，河川感潮域上部まで運ばれる可能性を否定で
きない。

成魚の詳細な知見は乏しい中，成熟雌は，河口
周辺で頻繁に出現し（小早川みどり，私信），本種
を対象とした漁業は，筑後川や沖端川の河口域を
中心に行われていた（松井，1995）。一方，採集状
況など不明確ではあるが，本種の卵および仔魚が
河川感潮域で採取されている事例もある（水谷・
松井，2006）。

本科他種をみると，アリアケヒメシラウオは河
川感潮域に留まり，シラウオは河口周辺の汽水域，
およびイシカワシラウオは沿岸浅海域で，それぞ
れ産卵する（田北，1966; 千田，1973a, b; 宮内・千
田，1989）。したがって，このことから考えると，
本種のみの遡河回遊は特異と言える。

以上，これらの事実を鑑みて，本種もシラウオ
と同様に河口周辺の汽水域で産卵する可能性が高
い。また，卵黄吸収後，仔魚は発育に伴い西方面
に反時計回りの恒流（井上，1980）によって分散
し成育していることが窺え（Fig. 5），湾奥部の沿
岸域を成育場としていることが推測される。

底生魚の採集に用いた網目 2 mm の桁網には，
アリアケシラウオ仔魚は 4 年間の全定点で皆無で
あった。この網目では，仮に早期仔魚が底生で
あった場合，ほとんどの個体がそれを通過したこ
とは否めない。しかし，本桁網では，体長 20 mm
以下のコイチ Nibea albiflora，ハゼクチ，ワラス
ボ Odontamblyopus lacepedii，シ ョ ウ キ ハ ゼ
Tridentiger barbatus，デンベエシタビラメ Cyno-
glossus lighti，体長 25 mm 前後のエツ Coilia na-
sus などの着底間もない底生稚魚が採集されてお
り（青山ほか，2007; YAGI et al., 2011; SIMANJUNTAK,
2016; 伊藤ほか，2018），本種の稚魚から成魚期に
かけて全く採取されなかったことは，アリアケシ
ラウオは少なくとも稚魚期以降は底生生活を送ら
ないことを示している。

これらの推測が正しいならば，絶滅危惧種であ
る本種の保護にとって，再生産の場である湾奥の
河口周辺および浅海域の保全は重要であろう。
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Khin Khin Gyi1), 大村 卓朗2, 3)＊, 中村 理絵3), 田中 祐志1, 2)：粒子画像解析装置 FlowCAMを用いた植物プラン
クトンの高分解能観察

水柱の環境特性と関連した微細規模の時空間における植物プランクトン動態を理解するために，水中ポンプを
用いて深さ 0.5-2 m 間隔で，一昼夜に亘り 4 時間毎に 6 回のサンプリングを行った。自動的に粒子形状識別とサ
イズ計測ができる FlowCAM が，植物プランクトンの分析に活用された。その結果，植物プランクトンは，鉛直
的に数 m，時間的に数 h 以内で大きく変動した。例えば，Thalassiosira sp.と Prorocentrumminimum はすべて
のサンプリング深度と時間で比較的均等に検出されたが，Dactyliosolen fragilissimus と Scrippsiella trochoidea
の水柱総現存量は初め 2 回のサンプリングの後，有意に減少した。種毎にそれぞれ，鉛直分布は各サンプリング
時刻の水温躍層の状態と関連していた。このような植物プランクトンの種特異的分布および組成の変動は，植物
プランクトンの生態生理学的特性およびサイズ構成，ならびに短期間の海洋環境変動を反映している。底層中の
クロロフィル a の高い値は，植物プランクトンだけでなく凝集粒子の蛍光がもたらしたと考えられた。
（1 東京海洋大学 海洋科学技術研究科 〒 108-8477 東京都港区港南 4-5-7, 2 東京海洋⼤学 海洋資源環境学
部 〒 108-8477 東京都港区港南 4-5-7, 3（株）水圏科学コンサルタント 〒 144-0031 東京都大田区東蒲田
2-30-17 サンユー東蒲田ビル 5F, ＊連絡先著者：大村 卓朗（おおむらたくお）Tel：03-6428-6715 Fax：
03-6428-6716 E-mail：omura@lasc.co.jp）

Nur Indah SEPTRIANI1)・Chinthaka Anushka HEWAVITHARANE1)・Bambang RETNOAJI2)・望岡典隆1)＊：インドネシ
ア中部ジャワのセガラアナカンにおける Anguilla bicolor bicolorの銀化変態に伴う形態変化

Anguilla bicolor bicolor の銀化変態に伴う形態的変化を明らかにするため，2016 年〜2018 年にインドネシア中
部ジャワのチラチャップ市セガラアナカンで 69 個体の雄と 38 個体の雌を採集した。得られた標本は体色と胸
びれの色彩によって，黄ウナギ期は 2 期に，銀ウナギ期は 3 期に区分された。本種の銀化開始サイズは雄では全
長 342-501 mm, 414.8 ± 40.4（平均± SD），雌では全長 674-937 mm, 786.1 ± 69.0 であり，雄は 5 月と 6 月（乾
季）に，雌は周年採捕された。雌雄ともに，銀化の進行に伴い背鰭高，臀鰭高，尾鰭高，胸鰭長の全長比等の遊
泳に関する指標は有意に大きくなった。摂餌に関する指標は，雄の上・下顎長の全長比は銀化の進行に伴って有
意に大きくなり，その他の形質も顕著な変化は認められず，加えて，餌で誘引する漁具で採捕されていることか
ら，本種では銀化変態中も摂餌していると考えられた。
（1 九州大学大学院農学研究院, 2 ガジャマダ大学, ＊連絡先著者住所：〒 819-0395 福岡県福岡市西区 744
九州大学大学院農学研究院 電話番号：092-802-4603 ファックス番号：092-802-4603 E-mail：mochioka@agr.
kyushu-u.ac.jp）
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1．幹事会議事録
2019 年度第 2 回幹事会議事録

日時：2019 年 9 月 6 日（金）13 時 15 分～ 13 時 40
分
場所：東京海洋大学品川キャンパス 2 号館 200A
参加者：小松，今脇，高柳，小池，田中，荒川，奥
村，柳本，本多（事務局）

（1）報告事項
① 第 1 回水産・海洋科学研究連絡協議会（2019

年 5 月 30 日，海洋大品川キャンパス）につ
いて荒川庶務幹事から報告があった。

② 2019 年度総会，評議員会および学術研究発
表会（2019 年 6 月 8 日，日仏会館）につい
て荒川庶務幹事から報告があった。

③ 第 1 回日仏関連学会連絡協議会（2019 年 6
月 20 日，日仏会館）について荒川庶務幹事
から報告があり，2020 年度「日仏会館学術
研究助成」の公募が開始され，締め切りは
11 月である。また，8 月末に日仏会館・フ
ランス国立研究所所長が坂井セシル氏から
ベルナール・トマン氏に交代したことを受
け，日仏海洋学会名誉会長もベルナール氏
に変更する。

④ 2019 年 6 月の総会で決定した投稿規定（和
文および英文）について，ホームページに
掲載した。この投稿規定は，2019 年 6 月以
降に投稿された論文から対象とする。

⑤ 学会誌 La mer 第 57 巻 1-2 号を発送済みで
あること，3-4 号の編集状況および 2017 年
度仏日海洋学シンポジウム（ボルドー）の
プロシーディングスについて荒川庶務幹事

（吉田編集委員長代理）から報告された。
⑥ オンラインジャーナルの本タイトルは【La

Mer】，キータイトルは【La Mer（Tokyo.
1963）】になった。

⑦ 日仏会館科学講座「カキをめぐる日仏交流：
歴史，産業，文化」は，2020 年 3 月 14 日（土）
に日仏会館ホールで開催予定であること
が，小池渉外幹事より報告された。

（2）審議事項
① 『日仏会館フランス事務所』から『日仏会

館・フランス国立日本研究所』に名称変更
されたことから，2020 年度総会で会則第 12
条を修正することにした。

② 学会ホームページのトップページで，2019
年 6 月総会で和文および英文の投稿規定を
改定したことを通知した上で，La mer（学
会誌）のトップページに改定した投稿規定
を掲載することとし，内田・柳本広報幹事
に作業を依頼した。

③ 日仏会館科学講座「カキをめぐる日仏交流：
歴史，産業，文化」について意見交換した。

2．所属および住所変更

3．寄贈図書
Techno-ocean News（テクノオーシャンネットワー
ク）；No.71-72
Ocean Newsletter（海洋政策研究財団）；No.453-462
Ocean Breeze（東京大学大気海洋研究所）；第 31 号-
第 32 号
FRANEWS（水産総合研究センター）；No.59-60
農村工学通信；No.116-117
東京大学大気海洋研究所 メーユ通信；No.14
水産技術（国立研究開発法人水産研究・教育機構）；第
11 巻第 2 号
国立科学博物館研究報告 A 類（動物学）；第 44 巻第 4
号，第 45 巻第 1 号-第 45 巻第 2 号
東京大学大気海洋研究所 要覧・年報 2019
人と海洋の共生をめざして 150 人のオピニオンⅨ

（海洋政策研究所）

氏 名 新しい所属先

許 敏 Key Laboratory of Marine Ecology & Environ-
mental sciences Institute of Oceanology, Chinese
Academy of Science

髙橋 義文 福岡県福岡市西区元岡 744 WEST5-861
九州大学大学院 農学研究院 農業資源経済学
部門

eywords: dissolved copper, North Pacific, subarctic,
tropical
Running head: Dissolved Cu in the NW Pacific
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株 式 会 社 イ ー エ ム エ ス 兵庫県神戸市中央区東川崎町 1-3-3

神戸ハーバーランドセンタービル 13 Ｆ

い で あ 株 式 会 社 東京都世田谷区駒沢 3-15-1

公益財団法人海洋生物環境研究所 東京都新宿区山吹町 347 藤和江戸川橋ビル 7 階

ケー・エンジニアリング株式会社 東京都台東区浅草橋 5-14-10

ＪＦＥアドバンテック株式会社 兵庫県西宮市高畑町 3-48

株 式 会 社 新 協 東京都文京区大塚 4-40-1

株 式 会 社 セ ア ・ プ ラ ス 神奈川県横浜市緑区十日市場町 822-10

株 式 会 社 独 立 総 合 研 究 所 東京都江東区

（※詳細はセキュリティのため非公開）
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E-mail:

E-mail:

日仏海洋学会入会申込書
（正・学生会員）

申込日 年 月 日
年度より入会

私は日仏海洋学会会則に同意し，下記の通り入会を申し込みます。
フ リ ガ ナ

氏 名

ロ ー マ 字

生 年 月 日 年 月 日 会 誌 送 り 先
(自 宅 ／ 勤 務 先)

メールアドレス

勤 務 先

勤 務 先 住 所
〒

自 宅 住 所
〒

Ｔ Ｅ Ｌ Ｆ Ａ Ｘ

紹 介 会 員 名

■会員種別および会費 （不課税）
正会員： 8,000 円
特別会員(※)： 6,000 円
学生会員： 4,000 円
賛助会員： 1 口 10,000 円以上
※年度初めに満 65 歳以上で学会事務局へ申告した者

■事業年度 4 月 1 日～翌年 3 月末日

■備考



日仏海洋学会入会申込書
（賛助会員）

申込日 年 月 日
年度より入会

日仏海洋学会会則に同意し，下記の通り入会を申し込みます。
フ リ ガ ナ

会 社・機 関 名

住 所
〒

Ｔ Ｅ Ｌ ご 担 当 者 名

Ｆ Ａ Ｘ 所 属

口 数
(1 口 1 万円より) 口 メールアドレス

紹 介 会 員 名 Ｔ Ｅ Ｌ

■事業年度 4 月 1 日～3 月末日

■備考

E-mail:

E-mail:


