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The relationship between the behavior of fish school, Jack mackerel Trachurus
japonicus and oceanic conditions in Tateyama Bay, Chiba Prefecture, Japan

Masao NemoToP"

. Katsumasa SHiBuyA®, Haruka Nakano® ¥, Takuro Furumi®,

Hiroki JostiMa?, Tadashi Mivazaki® and Yujiro KiTape®

Abstract: In this study, the relationship between the behavior of fish school, Jack mackerel
Trachurus japonicus and oceanic conditions was investigated in Tateyama Bay, Chiba Prefecture,
Japan. We showed that the fish school entered from offshore to the inside of Tateyama Bay with
the flood tide inflow of water masses having lower temperature and higher salinity at the bottom
layer. The fish school appeared in the inside of Tateyama bay along with mixed water masses of
Tokyo Bay, Sagami Bay, and the offshore Kuroshio water. The Kuroshio water mass was
distributed over the depth from several tenth of meter to around 100 m depth off Tateyama Bay.
These results indicated that the fish school behaves with a diurnal tidal cycle in accordance with
the movement of the Kuroshio water, and as a result, Jack mackerel was fished near the bottom
layer where the mixed water was flowed into the bay.

Keywords: Jack mackerel, behavior of fish school, tidal period, Tateyama Bay
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Fig. 1 Observation Site,[] al] Tokyo bay and Sagami bay, and(] b0 Tateyama bay shown as

dashed area of’] allwith contours of depthi] 50m interval). Triangles indicate CTD stations and
black circles are survey points of Jack mackerel.
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Fig.2 Temporal change of temperature, salinity and velocity components] E-W, N-SCon 22 May,
2013 are shown in Fig. 20 a),0b),0c0Oand Od). Light gray-shaded areas indicate East
component inJ cJ and North component in(J d). Tidal level change at Tateyama is also shown
in e). Black circles in Fig.2[0 alJ and[] b show caught depths.
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Fig. 4 Same as Fig. 2, but on 24 June 2014.
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Fig. 6 Same as Fig. 2, but on 31 May 2015.

cooboodooospuooooooooooon
coboi1oooocooooooboobooooa

3. O O

20130 sOO0O0O00O00O0O00220 22000
0230 40000000000Fig.2a,b00M
oobooboobooOozomOO0O 3mOOO0On

15501750000 345PSU DO OOOOODOO
OO0O0O0O0OO0OFig. 23 bDOOOO ADCP O
cobooooooOooooboOoobooOoooon
OOOO0OOOOFig.2cdOOOOOOOOOO
oobobO00220 20000000000230
400000000000000000Fig. 2eO
ooooooobz2zo0boo 40000000



La mer 55, 2017
PP Y B G 1 O N P O T O O 1 T TN O YO T T O 0T
(a) May 2013 {d) July 2014
max depth = 39m max depth = 50m
> N=62 oy N=119
= =
5} @
= =
o o
o o
I w
o= TTT1 ST TT T LL L]
2 4 6 B1012141618202224 26 28303234 363840 4244 464850 2 4 6 B1012141618202224 26 28 303234 36 38 40 42 44 46 4850
Depth(m) Depth{m)
PP [ O 0 I 0 5 0 O O 1 0 T 0 N N T T T N Y 0
(b) May 2014 (e) May 2015
1 max depth = 42m max depth = 45m
= N =48 = N =60
(= o
5} @
=] -
g g
' w
W TTT T T I T I T LTI - 00 5
2 4 & B 10121416 18202224 25 26 30 32 34 3638 40 4244 46 48 50 2 4 6 8 10121416 182022 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth(m) Depth(m)
P N N0 N N T T A 0 I
(c) June 2014
max depth = 42m
> N=93
[
@
3
o
£
0.0 L
2 4 6 B 10121416 182022 24 25 2830 32 34 36 38 40 42 44 46 48 50

Depth(m)

Fig. 7 Distribution of fish caught depth from May 2013 to May 2015.
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Fig. 10 Occurrence frequency of the temperature of habitat depth of Jack mackerel.
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Growth and reproductive seasonal pattern of Sargassum
polycystum C. Agardhl] Sargassaceae, Phaeophyceaell population
In Samaesarn Island, Chon Buri Province, Thailand

10

Thidarat NoiRAKSAR™ ", Vipoosit MANTHACHITRAZ, Aunkul BURANAPRATHEPRAT?and Teruhisa KomaTsu®

Abstract: Sargassum forests form important habitats in coastal waters worldwide. Sargassum
polycystum C. Agardh is a dominant species consisting of Sargassum forests and distributed
widely in the Gulf of Thailand. We studied seasonal variations of S. polycystum on the intertidal
reef flats in Samaesarn Island off the northeast coast of the Gulf of Thailand by monthly quadrat
sampling, observation of S. polycystum and measurements of environmental variables from
January 2014 to December 2015. Percent cover, thallus length, standing crop, percentages of the
numbers of immature and mature plants of S. polycystum per 0.25 m? were the maximum during
the dry and cold season from November to February. They showed a significant negative
correlation with water temperaturel] p<0.050] and significant positive correlation with DO and
phosphate (p<0.05). Percentage of the number of holdfasts, main without stipes of S. polycystum
per 025 m?, which was the highest in among the numbers of juvenile, immature and mature
plants, and main holdfasts without sipes of S. polycystum per 0.25 m? in March 2014 and December
2015, showed a significant and negative correlation with current speed p<0.05). Plant density,
percentage of the number of juvenile plants of S. polycystum were the maximum during the rainy
season from May to September. These results indicate that the monsoon drives environmental
variables controlling the seasonal pattern of the growth and reproduction of S. polycystum. Its
maturation and reproduction occur under a calm sea condition and low water temperature with
sufficient solar radiation in January-February at the end of dry season.

Keywords : Sargassum polycystum, phenology, Gulf of Thailand; growth

1. Introduction algae which is the most ecologically abundant and

Genus, Sargassum C. Agardh[] Sargassaceae,
Phaeophyceae), is the largest genus of the brown

economically important. Sargassum species are
distributed in tropical to temperate regions all

10 Institute of Marine Science, Burapha University,
Bangsaen, Chon Buri 20131, Thailand

200 Department of Aquatic Science, Faculty of Sci-
ence, Burapha University, Bangsaen, Chon Buri
20131, Thailand

30 Atmosphere and Ocean Research Institute, The

University of Tokyo, 5A1A5, Kashiwanoha, Kashi-
wa, Chiba 277A8564, Japan
[0 Corresponding author: Thidarat Noiraksar
Tel: +66(0)38 391671
Fax: + 66(0)38 391674
E-mail: sargassum2005@gmail.com
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over the world YosHIDA, 1983). Sargassum beds
absorb CO, and produce O, in seawater through
photosynthesis. Thus, they influence dissolved
oxygen content in seawater(] DO Mikawmi et al.
200700 and consequently pH distributions through
changing equilibrium of carbonate in seawater by
absorption and release of CO,[0 KomATsu, 1989;
KomaTsu and Kawal, 1986) . They influence
downward radiation from the sun through their
canopyl] KomaTsu et al., 1990), and eventually
water temperature distributions inside the Sar-
gassum forestl] KomATsu et al, 1982; KomATsU,
1985, KomaTtsu et al, 1995) . Their stipes and
fronds buffer water motion inside the forest
0 KomAaTsu and Murakawmi, 1994). Many commer-
cially important species spawn in Sargassum beds
0 e.g. sea urchins, abalones, cuttlefish(j larvae and
juveniles use the beds as nursery grounds. De-
tached Sargassum species from the substrates
form drifting seaweeds providing habitats for
fishes and attached animals] KomaTsu et al., 2007;
KomaTsu et al., 2008). Thus, Sargassum beds sup-
port biodiversity and are an important habitat for
marine animals.

In Thailand, Sargassum species were recorded
by Reinbold in “Flora of Koh Chang” from the
specimens collected by ScHmipT 190001 during
the Danish Expedition to Siam. Sargassum poly-
cystum C. Agardh was reported from Koh
Kahdat, Trat Province situated on the northeast
coast of the Gulf of Thailand for the first time. S.
polycystum is distributed widely along the Gulf of
Thailandd LEwMANOMONT, 1988; NOIRAKSAR et al.,
2006; NoIraksAR and AJISAKA, 2008). S. polycystum
has secondary holdfasts that are transformed
from a stolon and heavily muricate on main
branches] CHIANG et al., 1992; AJisAakA et al., 1995,
199911 Fig. 1). Normally recruitment of S. poly-
cystum populations is maintained by sexual
reproduction while its recruitment is also sus-
tained by secondary holdfastsCJ Noiraksar and

Fig. 1 Thallus stages of Sargassum polycystum. a
juvenile plant, b immature plant, and ¢ mature
plant

AJIsAKA, 2008). Although there are some reports
about distributions and ecology of S. polycystum
in some countries, its ecology of Thailand hasn'’t
been fully examined. To conserve S. polycystum
in Thailand, it is necessary to understand its
ecology. This study aims to elucidate growth and
reproductive patterns in a natural habitat off
northeast coast of the Gulf of Thailand.

2. Materials and methods
2.1 Study site

Samaesarn Island, Chon Buri Provinced 12°31’
21.37"N, 100°57'25.12"E0 is surrounded with a
large intertidal flat, of which the substratum is
composed of rock and dead coral with fine to
coarse sand, followed by a subtidal coral reef.
This intertidal flat is exposed during the low tide
in the day time for about 4A6 hours from April to
MayO Fig. 2). This island is designated as the con-
servation area rich in benthic marine algae in-
cluding four species of Sargassum[J S. aquifolium,
S. oligocystum, S. polycystum and S. swartzii(l
with other seaweeds such as Turbinaria conoides,
Padina australis, Padina santae-crucis, Lobophora
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Fig. 2 The study site, on the eastern coast of
Samaesarn Island, Chon Buri Province.

asiatica, L. pachyventera, Amphiroa anceps, Bryop-
sis pennata, Gelidiella acerosa, Chondrophycus
cartilagineus, etc. Among them, S. polycystum is
the most dominant species.

2.2 Quadrat sampling of seaweeds and meas-
urements of environmental parameters

Three belt transects, 30 m apart parallel to the
shore were set in the Sargassum bed0 Fig. 2).
Quadratsd 0.5 x 0.5 mJ were placed at 10 m inter-
vals along each line with a length of 120 m
starting from a point near an end randomly
decided Thirty-six quadrats in total were moni-
tored in each month for a period of 24 months
from January 2014 to December 2015. We meas-
ured percent covers of all quadrats and collected

seaweeds on three quadrats per line in each
month. Collected seaweeds were preserved in
plastic bags with sodium chloride and brought
back to the laboratory at the Institute of Marine
Science, Burapha University. The samples were
rinsed in fresh water and cleaned of sand and
shells. Plant density means the total numbers of
juvenile plants, immature plants, mature plants
and main holdfasts without stipes of S. polycys-
tum on a quadrat (0.5 x 0.5 m). A stipe length of
individual S. polycystum was measured. Epiphyt-
ic plants and aquatic animals attached to an indi-
vidual were removed before the wet sample was
weighed prior to drying in a hot air ovend TS8000
Termaks, Bergen, Norway[ at 60C] for 48 h. Dry
weight of each sample was then obtained
[0 CP3202S, Sartorius, Goettingen, Germany[J and
used for calculating standing crop, which is ex-
pressed as the dry weight[J gJ per unit area.
Three environmental parameters such as
water temperature, salinity and DO were record-
ed at the time of sample collection with a portable
multiparameter measuring instrumentd YSI 556
MPS, Ohio, USA). Water current was measured
by current metersd Valeport Model-105, Vale-
port Limited, UK[Odeployed off the study sitél Fig.
2). Water samples were collected for the analysis
of nutrientsd phosphate, nitrate and silicate(J us-
ing a spectrophotometer HACH DR 2500, Colo-
rado, USA). Nitrate was measured using cadmi-
um reduction and diazotization method. Phos-
phate was analyzed by ascorbic acid method.
Silicate was analyzed by molybdosilicate method
0 STRICKLAND and PARsoNs, 1972).

2.3 Statistical analysis

A two-way ANOVA was applied to examine
differences among characteristics of S. polycys-
tum by month and year. Before the ANOVA,
standing crop, plant density and thallus length
per unit area were transformed using a loga-
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rthmic transformation, while percent cover, and
percentages of juvenile plants, immature plants,
mature plants and main holdfasts in the number
of all plants of S. polycystum per 0.25 m? were
transformed using an arcsine transformation. We
examined relationships among percent cover,
thallus length, standing crop, plant density, per-
centages of juvenile plants, immature plants, ma-
ture plants and holdfasts on the number of all
plants of S. polycystum per 0.25 m? with the eight
environmental parameters using Spearman’s
rank correlation analysis.

3. Results
3.1 Seasonal growth pattern of Sargassum
polycystum

S. polycystum was monthly found throughout
the year for a period of two years. The annual
maximum percent covers of S. polycystum per
unit area in 2014 and 2015 were obtained in
January 20140 66.3+ 54%[] and January 2015
[0 69.0+ 8.0 %[ during the northeast monsoon sea-
son from November to February corresponding
to the dry season of winter months in the
northeast coast of Gulf of Thailand, respectively.
The annual minimum percent covers of S.
polycystum per unit area in 2014 and 2015
occurred in Junél 4.3+ 1.4%0and July] 45+ 0.8%0
during the southwest monsoon season from May
to September corresponding to the rainy season
of summer months in the northeast coast of the
Gulf of Thailand, respectivelyd Fig. 3). Results of
two-way ANOVAIL 95% confidence levell indi-
cated monthly differences in percent cover of S.
polycystum per unit area were significant al-
though its interaction of year and months was
significant Table 1).

The annual maximum thallus lengths in 2014
and 2015 were obtained in December 2014
0 18.0+ 3.2cmJand February 20150 18.0+ 2.8 cm)
during the dry season, respectively. The annual

minimum thallus lengths in 2014 and 2015 oc-
curred in July 20140 1.6+ 0.4 cm and July 2015
011+ 11 cm0Oduring the rainy season, respec-
tively Fig. 3). Results of two-way ANOVA indi-
cated difference in monthly thallus length of S.
polycystum was significant although its interac-
tion of year and months was significant (Table 1).

The annual maximum standing crops in 2014
and 2015 were obtained in January[] 58.23+ 1341
g dw. 0.25 m"?0 and February[ 63.15+ 9.25 g dw.
025 m*Q during the dry season, respectively.
The annual minimum standing crops in 2014 and
2015 were in July[d 359+ 0.95 g dw. 0.25 m*0 and
Julyd 5.21+ 1.09 g dw. 0.25 m*0 during the rainy
season, respectively Fig. 3). Results of two-way
ANOVA indicated difference in monthly standing
crop of S. polycystum was significant although its
interaction of year and months was significant

0 Table 1).

The annual maximum plant densities consist-
ing of juvenile plants, immature plants, mature
plants and main holdfastsin in 2014 and 2015 were
obtained in August(] 5332+ 1489 no. 025 m™?)
and August[] 387.0+ 78.3 no. 0.25 m*?) during the
rainy season, respectively. The annual minimum
plant density in 2014 and 2015 occurred in
Februaryd 102.2+ 359 no. 025 m"20 during the
dry season and Junel] 108.8+ 219 no. 0.25 m*0
during the rainy season, respectivelyl] Fig. 3). Re-
sults of two-way ANOVA indicated difference in
monthly plant density of S. polycystum was
significant although its interaction of year and
months was significantC Table 1).

The annual maximum percentages of juvenile
plants in 2014 and 2015 were obtained in August

0 62.9+ 15.7%0 and July 86.3+ 2.9 %[ during the
rainy season, respectively. The annual minimum
percentages of juvenile plants in 2014 and 2015
occurred in February (3.4+ 1.4%)and February

00 15.3+ 4.7%[0 during the dry season, respectively

0 Fig. 4). Results of two-way ANOVA indicated
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2015.

difference in monthly percentage of juvenile
plants of S. polycystum was significant Table 1).

The annual maximum percentages of imma-
ture plants in 2014 and 2015 were obtained in
January] 87.9+ 2.2%00and February] 61.1+ 5.4%0
during the dry season, respectively. The annual

minimum percentages of immature plants in 2014
and 2015 occurred in August 3.2+ 1.1%[ and
JulyD 0.5+ 0.5%0 during the rainy season, respec-
tively Fig.4). Results of two-way ANOVA indi-
cated difference in monthly percentage of imma-
ture plants of S. polycystum was significant
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Table 1. Results of ANOVA testing effects of year and month on percent cover, thallus length,
standing crop, plant density, percentages of the numbers of juvenile, immature and
mature plants, and main holdfasts without stipes of Sargassum polycystum per 0.25 m?

Percent coverage of S. polycystum Thallus length of S. polycystum

Source of variation

MS F p df MS F p
Year 1 0.099 1906 0.169 1 0.188 4206 0.042
Month 11 0815 15667  0.000 11 0818 18268 0.000
Interaction 11 0.141 2707  0.003 11 0.182 4056 0.000
Error 192 052 163 0.045
Standing crop of S. polycystum Plant density of S. polycystum
df MS F p df MS F p
Year 1 0.012 0138 0711 1 0443 2844 004
Month 11 1415 16315 0.000 11 0417 2740  0.003
Interaction 11 0.221 2551  0.005 11 0415 2725  0.003
Error 171 0.087 171 0.152
Juvenile plants of S. polycystum Immature plants of S. polycystum
df MS F p df MS F p
Year 1 0.498 6618 0011 1 0.045 0954 0.330
Month 11 1373 18257 0.000 11 1004 21160 0.000
Interaction 11 0.085 1133 0338 11 0.224 4725  0.000
Error 192 0.075 192 0.047
Mature plants of S. polycystum Holdfasts of S. polycystum
df MS F p df MS F p
Year 1 0015 1058 0.305 1 0195 15641 0.000
Month 11 0031 2179 0017 11 0.086 6.887  0.000
Interaction 11 0018 1248 0.258 11 0.031 2520 0.005
Error 192 0.014 192 0.012

EHoldlast
mmMature plant
Elmmature plant
EJuvenile plant

%o of the thallus stages

——Plant density

e.‘ehse.@@\s\s\e

\h\h.‘b\hlr\h\h'h c, S

> &
W F ¢ °“=ﬁ’o‘"e " e*'\» W ¥
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Fig. 4 Percentage of plant stages and density of Sargassum polycystum in Samaesarn Island, Chon Buri
Province from January 2014 to December 2015

%0 during the dry season, respectively Fig. 4).
There was a low percentage of mature plants
between March and November in 2014 and 2015.
Results of two-way ANOVA, indicated difference
in monthly percentage of mature plants of S.

although its interaction of year and months was
significantd Table 1).

The annual maximum percentage of mature
plants in 2014 and 2015 were obtained in
February 13.6+ 5.0%0 and January( 134+ 6.1
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polycystum was significant Table 1).

The annual maximum percentage of main hold-
fasts in 2014 and 2015 were obtained in March
00 23.4+ 7.5%[0 during the first inter-monsoon and
December 24.5+ 10.0 %0 during the dry season,
respectively. There was a low percentage of
holdfasts during the rainy season (Fig.4).
Results of two-way ANOVA, indicated differen-
ces between year and among months were
significant although its interaction of year and
months was significant( Table 1).

3.2 Relationships between the features of plant
and environmental variables

The monthly average measurements of envi-
ronmental parameters were shown in Fig. 5. The
annual highest water temperatures in 2014 and
2015 were measured in MayO 31.20 0 and May
(0 31.00 O during the rainy season, respectively,
and the annual lowest water temperatures in
2014 and 2015 were in December( 27.40 O and
December 27.20 00 during the dry season, re-
spectively. The annual highest salinities in 2014
and 2015 were observed in October] 35.10during
the second inter-monsoon and July 35.300 during
the rainy season, respectively, and the annual
lowest salinities in 2014 and 2015 were in No-
vembert] 32.00and January] 30.40during the dry
season, respectively. The annual highest DOs in
seawater in 2014 and 2015 were observed in
Decembef] 7.3 mg I"'Oand February] 8.21 mg "0
during the dry season, respectively, and the
annual lowest DOs in 2014 and 2015 were in July
04.22 mg ™0 and Julyd 4.13 mg ™) during the
rainy season, respectively. The annual highest
Phosphate contents in seawater in 2014 and 2015
were observed in Octoberd 0.12 mg A during
the second inter-monsoon season and July 0.21
mg A during the rainy season, respectively, and
the annual lowest phosphate contents were in
MarchJ 0.02 mg A during the first inter-

monsoon season and May[] 0.03 mg A during
the rainy season, respectively. The annual
highest nitrate contents in seawater in 2014 and
2015 were observed in July] 1.15 mg *0and July
0153 mg A0 during the rainy season, respective-
ly, and the annual lowest nitrate contents in 2014
and 2015 were in Aprild 0.73 mg A0 during the
first inter-monsoon season and August(] 0.6
mg IM) during the rainy season, respectively.
The annual highest silicate contents in seawater
in 2014 and 2015 were observed in Junel] 4.73
mg IM) and July] 553 mg Mg during the rainy
respectively,
silicate contents in 2014 and 2015 were in January
01 mg I**0 and December 1.1 mg I*'0 during the
dry season, respectively. In general, silicate and
phosphate contents in seawater were increased
during the rainy season except December 2014
for phosphate. The annual highest water currents
in 2014 and 2015 were observed in July[ 38.3
cm s*) and September( 33.1 cm s*0 during the
rainy season, respectively, and the annual lowest

season, and the annual lowest

water currents in 2014 and 2015 were in March

0142 cm sMO during the first inter-monsoon
season and July 10.8 cm MO during the rainy
season, respectively.

A spearman’s rank-order correlation was ap-
plied to determine the relationship between the
characteristics of S. polycystum and environmen-
tal variablesd Table 2). There was a significant
negative correlation between water temperature
and characteristics of S. polycystum such as
percent cover( rg= 0.569, p =0.004), thallus length

O rs= 0.630, p = 0.001), standing crop rs= 0.583,
p = 0.003), percentage of immature plantsd rs=
0.469, p = 0.0210 and percentage of mature plants

Ors= 0496, p = 0014). On the other hand, the
water temperature was positively correlated
with percentage of juvenile plantsd rs= 0.496,
p=0.014). The salinity negatively and significant-
ly correlated with the percent cover( r= 0424, p
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Fig.5 Environmental variables of seawater measured off the east coast of Samaesarn Island from January

2014 to December 2015.

= 0.039), standing cropl rs= 0463, p = 0.023),

0522, p =
0.00900 and percentage of mature plantslrs =
0429, p = 0036) . The DO significantly and
positively correlated with percent coverdrs =
0539, p = 0.007), thallus lengthO rs= 0.602, p =
0.504, p = 0.012), per-
0431, p =0.0350
or percentage of mature plantsd rs= 0518, p =
0.009), while it negatively correlated with per-
centage of juvenile plantsC rs= 0.470, p = 0.020).
The phosphate content significantly and positive-
ly correlated with plant density[ rs= 0416, p =
0.0430 or percentage of juvenile plantsd rs= 0.482,

percentage of immature plants(] rs=

0.002), standing crop0 rs=
centage of immature plantsd rs=

p = 0.017). The current speed significantly and
negatively correlated with percentage of hold-
fasts [0 rs= 0.790, p = 0.002).
4. Discussion

Monsoon is a very important forcing that
controls ecology of seaweed in Southeast Asia.
Southwest monsoon from May to September
accompanies strong waves with rain while
northeast monsoon from November to February
accompanies a calm sea condition with sunshine
and low water temperature in the northeast coast
of the Gulf of ThailandO Fig. 5). The first inter-
monsoon season from March to April is also a



Growth and reproductive seasonal pattrn of Sargassum polycystum in Gulf of Thailand

19

Table 2. Significant of Spearman’s rank correlation between analysis between environmental parameters and

the characteristics of Sargassumplant.

S. polycystum Water temperature Salinity DO Phosphate Current speed
' ooo 0 psuld O mg IO O mg "0 Ocm 0
rs p rs p rs p rs p rs p
% cover A0569  0.004* A0.424 0.039* 0539 0.007* 0185 0.387 0315 0.319
Thallus length A0.630 0.001* A0.367 0.078 0602 0002*  A0.048 0.823 A0.028 0.931
Standing crop A0583  0.003* A0.463 0.023* 0504 0012*  A0.103 0631 A0.119 0.713
Plant density 0091 0671 A0.108 0.614 A0.144 0501 0416 0.043* 0.392 0.208
% juvenile plants 0444 0030 0.367 0078 A0.470 0.020* 0482 0.017* 0126 0697
% immature plants  A0469  0.021* A0.522  0.009* 0431 0035 0014 0948 0.224 0484
% mature plants A0496  0.014* A0.429 0.036* 0518 0.009*  A0.200 0.348 0.037 0.908
% holdfasts 0015 0944 0088 0.684 0.074 0731 A0.232 0274 A0.790  0.002*

#p =001 *p=005

Table 3. Periods of Sargassum polycystum growth,
reproduction and degeneration phases at Samae-
sarn Island from January 2014 to December 2015

Plant stages

Growth
Reproduction
Degeneration

Timing

January 2014
January-February 2014
February-July 2014

Growth August 2014-February 2015
Reproduction November 2014-Februaty 2015
Degeneration March-July 2015

Growth August-December 2015

December 2015
December 2015

Reproduction
Degeneration

calm sea condition. Phenology of Sargassum
species may be controlled with water tempera-
ture strongly related to the monsoon because
water temperature is one of the most critical
factors affecting the phenological patterns of
Sargassum species[] ANnG, 2006). It is speculated
that warm surface water is accumulated along
the northeast coast of the Gulf of Thailand by the
southwest monsoon from May to September and
cold surface water is supplied by the coastal
upwelling along the northeast of the Gulf of
Thailand driven by the northeast monsoon from
November to February.

In the Philippines, the dry and wet seasons are
from January to May and from June to December,

respectively. TrRono and Lruismal 199000 studied
Sargassum populations at Santiago Island, Bolinao
and reported that thallus length and fertility of S.
polycystum attained the highest in Decembef] 447
g wet wt m*0 and in January or February,
respectively, before the sudden reduction in
standing crop. Investigating Sargassum beds in
Bolinao, TroNo and ToLenTino[ 19930 reported
that the maximum standing crops of both
intertidal and subtidal Sargassum beds were
obtained in October to December or January, and
the reproductive period was from November to
January during the cold season there. LARGO et al.
[0 199401 examined the seasonal changes in the
growth and reproduction of Sargassum species in
Liloan, Cebu, and found that the maximum thallus
length of S. polycystum was in Januaryl] 30.0+ 11.4
cm), and its reproductive period was from De-
cember to January and February to May during
the dry season. Onno et al.0d 199500 reported S.
polycystum at Danajon Reef, the Central Visayas
area had a mean standing crop of 4.3 kg m* with
the maximum one of 9.6 kg m* in December.
CaLumponG et al.00 19990 reported the maximum
standing crop and percent cover of S. polycystum
in Negro Island were in May[ 11.3+ 05 g mAz,
10A15%), and the reproductive stage was found
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from March to May. Thus, the reproductive
period and the months of the maximum standing
crop of S. polycystum range in the dry and cold
season in the Philippines like those in Samaesarn
Island.

In Taiwan, Hwane et al.00 200400 reported per-
cent cover and standing crop of S. polycystum
decreased with increasing water temperature in
coral reef in Nanwan Bay. They also stated that
its reproductive stage was in January-April
during the dry and cold season. In Malaysia, MAY-
LiNn and CHinG-LEE] 20130studied S. polycystum at
Teluk Kemang, Port Dickson, of which dry season
is from June to September, and reported that the
pattern of mean thallus lengthl] MTLO and the
maximum fertilities showed the highest in July
201000 MTL = 228 mm, largest length class within
800A899 mmU and in August 20100 17%), respec-
tively. In India, Raol] 20020 reported that the
growth of S. polycystum attained its maximum
length in the winter months November to De-
cember/ Januaryd and S. polycystum became
reproductive between November and February
in Visakhapatnam coast, east India, of which dry
season is from November to March. The seasonal
growth cycle in S. polycystum showed a signifi-
cant negative correlation with seawater tempera-
ture. PapbaL et al.0d20140 verified the same
tendency in Visakhapatnam coast as the same as
Raol[1 2002). The maximum mean length, maxi-
mum fertilities and reproductive stage of S.
polycystum occur in dry season when the sea is
calm and seawater temperature is low in Taiwan,
Malaysia and India. Thus, it is reasonable that
those of S. polycystum in Samaesarn lIsland do
from December to February in the dry season
and March in the inter-monsoon season when the
sea is calm and seawater temperature is low.

For reproduction of S. polycystum, the thalli
must become the longest in a year. The longer
the thallus length is, the stronger the drag force

posed by waves is[] Xu and KowmaTsu, 2016) .
Therefore, maturation period must be under a
calm condition. In the study area, the northeast
monsoon season from November to February and
the first inter-monsoon season from March to
April are calm sea condition. Since the northeast
monsoon season is dry season, the solar radiation
is sufficient for photosynthesis of S. polycystum to
acquire energy to prepare reproduction with
elongation of its thalli.

Percentage of holdfasts was low in the rainy
season and showed a significant and negative
correlation with current speeddp O 0.05). In
general, main branches and stipes of Sargassum
species are damaged by strong waves in the
monsoon season and remained only holdfasts.
The Sargassum plants were damaged by the
strong water motion[J LArco et al, 1994). The
study area is affected by the southwest monsoon
from May to October. In the northeast coast of
the Gulf of Thailand, southwest monsoon produ-
ces greater waves with fetch longer than in
northeast monsoon season. Therefore, the onset
of southeast monsoon removes large thallus after
the luxuriant growth in February. DO is also
influenced by stratification of surface layer. Since
southwest monsoon brings warm water in the
northeast coast of the Gulf of Thailand, it is
possible that the stratification is strengthened
and eventually DO is decreased. Therefore, DO
was higher in the dry season and lower in the
rainy season. This phenomenon coincides with
higher percent cover, thallus length, standing
crop, percentage of immature plants and percent-
age of mature plants of S. polycystum that
provide O, through photosynthesis to seawater-
during the dry season from November to Feb-
ruary. Therefore, they are apparently correlated
to DO.

Phosphate and nitrate might be increased with
increase in discharge from the river to the Gulf of
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Thailand during the rainy season in east Gulf of
Thailand. Hwang et al.(J 200400 stated that phos-
phate limits growth of Sargassum germlings. This
hypothesis may be applied to a positive relation
between phosphate, and plant density or percent-
age of juvenile plants.

S. polycystum existed throughout the year in
Samaesarn Island, Chon Buri Province in the Gulf
of Thailand as in the Philippinesd Trono and
LLuismMA, 1990; CALumpPonG et al., 1999), Malaysia

0O MAY-LIN and CHiNG-LEE, 20130 and Indiall Rao,
2002; PAaDAL et al, 2014) . This means that S.
polycystum
regenerate new stipes from a persistent rhizoidal
holdfast. Many young S. polycystum consisting of
juvenile and immature plants constituted a
population.

A typical growth cycle in Sargassum species is
characterized by presence of a slow growth
phase, a rapid growth phase, and a reproductive
phase that is followed by senescence and dieback

0 ANG, 2006). In the present study, we can summa-
rize the phenology of S. polycystum to three
periods of growth, reproduction and degeneration
in a yeard Table 3).

Present study shows the variations of environ-

is a perennial species that can

mental factors and growth patterns of S. polycys-
tum from the northeast coast of the Gulf of
Thailand. The monsoon drives environmental
variables such as water temperature, sunshine,
calm sea condition, etc. which influence seasonal
variations of growth, reproduction and degenera-
tion of S. polycystum. Reproduction of S. polycys-
tum occurs under the calm condition during the
dry and cold season. In this way, seasonal growth
and reproduction are controlled by the monsoon
in the northeast coast of the Gulf of Thailand.
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Morphogenesis and growth in the early life stages of
Sargassum oligocystum Montagne from fertilized eggs to
juveniles examined in culture
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Abstract: Species of Sargassum are widely distributed along the coasts of Thailand. Sargassum
oligocystum Montagne is a dominant species consisting of Sargassum beds, playing an important
ecological role in a marine ecosystem along the east coast of the Gulf of Thailand. However, there
is little information available on the early life stages of S. oligocystum . To fill the gap in this
ecological knowledge, fertilized eggs obtained from the receptacles of wild matured individuals
were cultured and morphogenesis in the early life stages of S. oligocystum due to their
development was observed through laboratory culture. A fertilized egg divided transversely into
one large cell and one small cell. The latter gradually induced rhizoidal cells after several divisions
and many rhizoidal cells came out at the basal part of germling in 3 day culture. Finally, they
became the holdfast of germling. In the large cell, cell divisions occurred and apical part came out
in 1 day culture. It developed into the first cauline leaf in 7 day culture and the fourth cauline leaf
was appeared in 30 day culture, which were lanceolate. Cauline leaves were lanceolate to spatulate
in 60 day culture and broad spatulate in 90 day culture. Three-month-old juveniles of S.
oligocystum were cultured in two 500 L fiberglass tanks set outdoor under a roof with translucent
windows, and one was filled with seawater and another was filled with seawater with urea
dissolved at a concentration of 4 g t*. When juveniles cultured in two different conditions for five
weeks, the growth rate of the germlings of S. oligocystum cultured in seawater was always higher
than that of culture in seawater with urea dissolved. The results suggest that S. oligocystum has a
potential to adapt to grow under lower nutrient environment.

Keywords : Sargassum oligocystum, morphogenesis, early development and growth, culture
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1. Introduction

Sargassum C. Agardh is one of the largest
genus of brown algae and the most important
seaweed both ecologically and economically. The
Sargassum plants are distributed all over the
world, especially in tropical and temperate
regions[] YosHIDA, 1983). Seaweed beds consist-
ing of Sargassum species influence the dissolved
oxygen content in seawater[ hereafter, this is
referred to as DO through photosynthesis
0 KomaTsu 1989; MurAoKA, 2004; Mikami et al.,
200700 and consequently the pH value by CO,
absorption through photosynthesis and release
through respiration] KomaTsu and Kawal, 1986).
They support biodiversity and habitat for marine
organismsd KomAaTsu et al., 1982; KomATsu, 1985;
KomaTsu et al, 1990; KomaTsu and MURAKAMI,
1994; KomaTsu et al., 1995; KomaTsu et al.,, 2007;
KowmaTsu et al., 2008). Sargassum species comprise
bioactive compounds such as vitamins, carote-
noids, dietary fibers, proteins, and minerals, and
biologically active compounds, like terpenoids,
flavonoids, sterols, sulfated polysaccharides, poly-
phenols, sargaquinoic acids, sargachromenol and
pheophytin0 Lucas and SOUTHGATE, 2012). Sargas-
sum species are used as human foods, especially
by people living in coastal areas(] e.g. KIRIMURA,
2007). There are many reports on the bioactive
substances extracted from seaweeds, such as
antibacterial, antifungal, antiviral, anti-inflamma-
tory, anti-diabetic, antioxidant, and cytotoxic
substances] e.g. ZAanDi et al., 2010; TABAKHSH et al.,
2011; YeNDO et al., 2014; MEHDINEZHAD et al., 2015).
Sargassum plants also play an effective bio-
absorption role to remove nutrients[] Fei, 20040
and heavy metals such as cadmium ionl Cd*"),
copper ionJ Cu?"), and mercuric ion0 Hg?* O dis-
solve in seawater. Therefore, this function of
Sargassum species is focused from the environ-
mental and economic aspects[] RAmAvANDI et al.,
2015; DEeLsHAB et al., 2016).

Many reports exist concerning the early de-
velopment stages of Sargassum species such as
S. micracanthum and S. ringgoldianum[] OcawaA,
1974), S. muticum{ NorTon, 1977, HALES and
FLETCHER, 1989; UcHIDA et al., 1991; KErrISON and
LE, 2016), S. hornerill NaNBA, 1993; UcHIDA, 1993;
YosHIDA et al., 1995; YosHIDA et al., 1999; CHoi et al.,
2008) , S. filicinum[] YosHiDA et al, 1999), S.
confusum KAawAGoE et al.,, 2005), S. vachellianum

0 YAN and ZHANG, 2013), S. thunbergiill Zicuo et al.,
2008; YonczHeNG et al, 2015), S. echinocarpum
0 HAmzA et al,, 201600 and S. swartziill KAvALE and
VEERAGURUNATHAN, 2016). In addition, there are
reports on the technical development for artificial
seed production in S. fulvellum HwanG et al,
2006, 20070 and S. thunbergiild ZHANG et al., 2012).
However, there is not any available information
on the embryo release and early development of
S. oligocystum which is one of the most common
and abundant species in tropical waters of the
western Pacific Ocean.

There are some extensive researches on fertil-
izer application in seaweed cultivation(J AMANO
and Noba 1987, BrRAuLT and QUEGUINER, 1989;
PHiLLips and Hurbp, 2003; TyLer et al, 2005;
MansILLA et al., 2007; Kim and YARIsH, 2014; Miki et
al,, 2016). Urea is an organic compound with the
chemical formula of CO(NH>), and is widely used
as a fertilizer for nitrogen source. Urea has the
highest nitrogen content of all solid nitrogenous
fertilizers in common use and can get anywhere
at a reasonable price. The standard crop-nutrient
ratingl] NPK ratingl of urea is 46A0A0, and it is
also used in many multi-component solid fertilizer
formulations for land plants[] WikipepiA, 2016).
However, it is unknown on the effect of urea on
the growth of S. oligocystum.

Seaweed culture techniques have been devel-
oped by researchers to observe the early devel-
opment of seaweeds. Unfortunately, we have no
detailed studies on Thai Sargassum species until
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Fig. 1 Mature thalli of Sargassum oligocystum ob-
served around Samaesarn Island.

now. The objective of this study is to present the
morphogenesis and growth in the early life stage
of S. oligocystum from the fertilized egg stage to
the juvenile stage, and to test an effect of urea on
the growth of its juvenile plants. Materials were
cultured under laboratory and outdoor condi-
tions. Results were served for the objectives of
this study.

2. Materials and methods
2.1 Laboratory culture of fertilized eggs
Mature S. oligocystum plants were collected in
the intertidal zone of Samaesarn Island, Chon
Buri Province, Thailand[J 12°31'21.37"N, 100°57’
25.12"E0 in April 20140 Fig. 1). The plants were
cleaned to eliminate epiphytes and rinsed thor-
oughly with sterilized seawater. Receptacles
were examined to check whether fertilized eggs
were released and the eggs had attached to their
surface or not. The fertilized eggs were removed
from the receptacles by brush and rinsed several
times with sterile seawater. Plant Nutrition + lig-
uidd Tropica, Aquacarel] was used as a culture
medium and renewed once a week. Culture
conditions were as follows: a salinity of 30, a water
temperature of 250 and photosynthetic active

radiation] PARL of 85 pmol photons m*2 s*! with
the use of cool daylight fluorescent tubes[] Phi-
lips, TLAD 18W/54A765 1SL, ThailandO for a 12 h:
12 hOO L.D Figs. 2a, b). PAR was measured with
a light meterd LIA250A, LIACOR, USA). Growth
and development from the fertilized egg stage to
the juvenile stage for 90 d were observed. Juve-
nile thalli cultured for 90 d were used for an
outdoor tank culture experiment.

2.2 Outdoor tank culture of juveniles

Three-month-old S. oligocystum juvenile thalli
were cultured in outdoor tanks of 500 L made
from fiberglass, set under a roof with translucent
plastic windows[] Fig. 2c). To know the nutrition-
al effects for the growth of S. oligocystum
juvenile, three hundred juvenile thalli were
cultured in a tank filled with seawater and also a
tank filled with seawater with urea fertilizer
dissolved at a concentration of 4 g 10 hereafter,
this is referred to as seawater with urea dissolved
for simplicity1] Fig. 2d). The culture mediums in
both tanks were renewed once a week. Two repli-
cates were used for each treatment. At intervals
of 7 d during 35 d of culture, fifteen young thalli
were randomly selected to measure the size of
juvenile thalli under each treatment for examina-
tion of their growth Fig. 2e). In an outdoor tank,
we measured eight environmental parameters
such as water temperature, PAR HOBO Pend-
ant UAA002A64, USA), pHO Mettler Toledo pH
Five Go, Switzerland), salinity(d ATAGO 508 11W,
Japan).

2.3 Growth rate and data analyses

A growth rate of a thallus was estimated from
an increase in size of thallus. A specific growth
rate for S. oligocystum was obtained with the
formula proposed by Luhan and Sollestal] 20100
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Fig. 2 Pictures showing laboratory cultures of Sargassum oligocystum germlingstd a and b[j
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where SGR, t, Wy and W, are specific growth
rates, time of day after the start of outdoor tank
culture, an initial size of thallusCD mmUC on the first
day of culture and a size of thallusdd mm[J at t,
respectively. The first day t and a size W; on the

first day of each week were set as 0 and Wy
because measurements were conducted at inter-
vals of 7 d for 35 d. Differences in specific growth
rates of S. oligocystum thallus per week were
examined between those cultured in seawater or
seawater with urea dissolved, and comparing the
eight environmental parameters between the two
different mediums.
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Fig. 3 Embryo development of Sargassum oligocystum in a container filled with a culture
medium of Plant Nutrition™ liquidd Tropica, Aquacare(] under a salinity of 30, a water
temperature of 2500 and PAR of 85 pmol photons m* s*., Pictures of fertilized eggsin a
receptacle on the 1st day(] a), a germling on the 3rd day with an arrow showing the
rhizoidal celld b), a germling on the 7th dayl c), a juvenile on the 30th day(] d), a juvenile
on the 60th day[] e(J and a juvenile on the 90th day( f).

3. Results
3.1 Field observation and embryo culture in a
laboratory

The receptacle formation of S. oligocystum was
observed from February to June around Samae-
sarn Island, Chon Buri Province, Thailand. Fertil-

ized eggs released from conceptacles attached to
their surface. After verifying the start of germi-
nation, zygotes were isolated in containers filled
with culture medium. The first segmentation in
an egg occurred transversely to the longitudinal
axis of the egg and divided it into one large cell
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Fig. 4 Sargassum oligocystum juveniles in seawater(] al] and seawater with urea dissolved
at a concentration of 4 g t*'0 b on the 5th day, with lateral branches in seawater on the
7th dayO cO in seawater on the 14th day, andd d(J from the start of outdoor tank culture.
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Fig. 5 Branch development of Sargassum oligocys-
tum cultured in outdoor tanks from the 9th week
to the 14th week.

and one small cell. The latter was gradually
induced to rhizoidal cells after several divisions
and rhizoids grew out, and became a basal part of
the germling for the attachment to substrate. The
cells from the former cell became an apex in 1 day

cultured Fig. 3a). Germlings produced many rhi-
zoids in 3 day cultured Fig. 3b). They developed
the first cauline leaf in 7 day culture] Fig. 3cCand
the fourth cauline leaf came out in 30 day culture
O Fig. 3d), becoming juvenile. The shape of these
leaves was lanceolate. Through the development,
cauline leaves were lanceolate to spatulate in 60
day cultureld Fig. 3e), and broad-spatulate in 90
day culturel Fig. 3f).
In the seventh week of culture, juvenile thalli of
S. oligocystum developed a primary branch Fig.
4c). The average number of branches was 2.3A2.4
with 8.3A10.9 mm in length from the 9th to 10th
week, 25A3.0 branches with 1264137 mm in
length between the 11th and 12th weeks, and
2.9A35 branches with 13.0A13.3 mm between the
13th and 14th weeks[ Figs. 4d and 5a).
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Fig. 6 Growth rates of Sargassum oligocystum

juvenilestd meant standard error(] at intervals of

7 d, cultured in outdoor tanks filled with seawater

O closed circle) and seawater with urea dissolved

at a concentration of 4 g 100 closed squarel] for
35d.

3.2 Growth rate of juvenile cultured in outdoor
tanks

Three-month-old juveniles of S. oligocystum
O hereafter referred to as young thalliJ were used
for a growth experiment cultured in tanks filled
with two different mediums: seawater or seawa-
ter with urea dissolved. At the end of the
experiment on the 35th day, the average size
of thalli obtained from the tanks filled with sea-
water and seawater with urea dissolved were
18.7+ 0.3 mm and 13.7+ 0.2 mm, respectively. The
highest specific diameter of growth rates for the
thallus in the former and latter tanks were
2.7+ 0.2% d™ on the 14th day and 1.3+ 0.2% d*! on
the 7th day of culture, respectivelyd Fig. 6).
Growth rate for the juvenile thalli of S. oligocys-
tum cultured in the latter tanks were decreased
because of growth of blue-green algae on the
thallus surface (Fig. 4b), while those in the
former tanks showed less growth of blue-green
algael Fig. 4a).

The averages of environmental parameters are
as follows: water temperature ranged from 30.4 to
30.900; photosynthetic active radiation ranged

from 21.7 to 40.5 pmol photons mAzsAl; salinity in

tanks filled with seawater and seawater with
urea dissolved ranged from 32 to 33.9 and 31.5 to
35.5, respectively; The pH in the former and latter
tanks ranged from 81 to 83 and 82 to 84,
respectively] Fig. 7). There was little difference
in environmental parameters between the former
and latter tanks.

4. Discussion

The germling development of S. oligocystum is
similar to that of tropical or temperate species of
Sargassum such as S. confusum, S. horneri, S.
thunbergii, S. swartzii and S. vachellianum
0 UcHIDA, 1993; KAawAGeE et al., 2005; ZHAo et al,
2008; YAN 2013;
VEERAGURUNATHAN, 2016). The development of

and ZHANG, KAVALE and
embryonic germlings in this species follows the
classic “8 nuclei in 1 egg” type, as described for
Sargassaceae. Fertilized eggs developed into
embryos at the primary-rhizoid stage in 24 h, and
the secondary-rhizoid stage in 3 d. The first
leaflet of the germling with cylindrical shape was
formed in 7 day culture. It is reported that cues
on an egg release and the early germling growth
of seaweeds were water temperature, irradiance,
photoperiod, day length, nutrient, desiccation,
thermal and osmotic stress] NorToN, 1977; UCHIDA
et al,, 2991; NANBA, and OkuDA, 1993; YosHIDA et al.,,
1995, 1999; STEEN, 2004; STEEN and RUENEss, 2004;
HwaNG et al., 2006; CHoi et al., 2008; CHu et al., 2012;
YONGZHENG et al., 2015). However, such cues could
not be observed through our culture experiment.

The specific growth rates of the juvenile thalli
of S. oligocystum cultured in the tanks filled with
seawater were higher than those cultured in the
tanks filled with seawater with urea dissolved.
This difference is due to the chemical composition
of the nutrient solutions used in this experiment.
Urea is an excellent nitrogen source for some
seaweeds such as kelps, but others show growth
inhibition. For example, BRAULT and QUEGUINER
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[J 198901 studied the effect of inorganic and organic
nitrogen sources on the growth of Ulva gigantean
and found that ammonium was a better nitrogen
source than urea and nitrate. PHiLLIPS and HURD

(0200300 reported on nitrogen ecophysiology of
four intertidal seaweeds(] Stictosiphonia arbuscu-
la, Apophlaea lyallii, Scytothamnus australis and
Xiphophora gladiatall from southeastern New
Zealand and reported that there is a difference in
absorption by nitrogen sources and its seasonali-
ty. The order of nitrogen sources well absorbed
by seaweeds is NH4*> NO3*> urea in winter and
NH4"= NO3*> urea in summer. MANsILLA et al.

00 20070 reported that Gigartina skottshergii germ-
lings grew more rapidly when they were
cultured in solution of Bayfoland 250 SL and
Provasoli than the growth rates cultured in
solution with urea and superphosphate, which
were significantly lower. Nitrogen and phospho-
rus are limiting nutrients for growth and yield of
seaweeds in most natural environment. Physio-
logical and biological factors of seaweeds may
have an influence on growth and uptake of
nutrients, such as inter-seaweed variability, nu-
tritional history, type of tissue, life history stage,
age, surface area to volume ratio of a thallus, and
morphologyd HARRIsSON and HURD, 2001). HARRISON
and Hurp[d 200100 mentioned also that epiphytes
growing on surfaces of seaweeds can control
seaweed growth to a critical level by starving
nitrogen uptake for several days. The present
study shows that the specific growth rates of S.
oligocystum juveniles cultured in seawater with
urea dissolved were decreased by blue-green
algae contamination. It is possible that some
attached algae may use the nutrients more
efficiently than S. oligocystum. It is estimated that
S. oligocystum succeeds to acquire a great ability
to adapt to the low nutrient level in tropical
waters, especially in the waters of the east coast
of the Gulf of Thailand.
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Decadal changes in the fish assemblage structure at a modified

shore site in an urbanised estuarine canal

1,2)0

Atsunobu MURASE . Yusuke Mivazaki®, Masato MoTeki®and Hiroshi Korno™

Abstract: We analysed datasets of fish assemblages for two timescalesO decadal and annual,
composed of four periods: 1993A1994; 2004A2005; 2005A2006; 20064200701 to estimate the temporal
dynamics of assemblage structures and changes in estuarine use functional groupsC] EUFGs[
along a modified shoreline. The datasets were obtained from monthly sampling using a light trap
at a mooring berth site reinforced with a vertical hard structure in an estuarine canal in Tokyo,
Japan. A comparison of the fish community parameters during the sampling periods showed
significant decadal variation in some factors, but no significant variation across sequential annual
timescales. Total species richness increased due to increased richness in fish in the marine EUFG
category. The percent abundance of marine fish also significantly increased, whereas the
abundance of estuarine fish( primarily Acanthogobius flavimanus predominated decreased.
Habitat degradation around the mooring berth site accompanying city planning might be
responsible for the decline in estuarine fish species over several decades, whereas the increased
species richness reflected a recent recovery in water quality in the Tokyo Bay. These results
suggest that nowadays the study site functions as an ecological corridor between natural shore

sites rather than as a true habitat for estuarine fish species.

Keywords : Artificial structure, community dynamics, estuarine fish, Tokyo Bay

Introduction

Estuaries, where rivers flow into the ocean
forming a complex environment with transitional
waters, represent a key ecosystem in coastal
zones that fulfils various biotic and abiotic

functions, and is of both ecological and economic
importance CosTANzA et al., 1997; McLusky and
ELioTT, 2004; BARBIER et al,, 2011). In addition, this
ecosystem, which lies adjacent to many of the
world's megacities[] DAY et al., 2012a), is highly
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vulnerable to anthropogenic impacts. Common
artificial changes in coastal zones are modifica-
tions of the shoreline and construction of urban
infrastructures, typically classified in terms of the
materials used and purpose, such as riprap/
rubble or vertical walls and their combination,
breakwaters, groynes, jetties, seawalls, bulk-
heads, and pilingsC) BuLLERI and CHAPMAN, 2010;
ScypHERs et al, 2015). The negative effects of
these artificial structures on estuarine ecosys-
tems have been reported as various ecological
responses of fish communities(] e.g., decreases in
native fish diversity and/or abundancel[T] ABLE et
2000; Bikovic and
RocGERO , 2008; MunscH et al, 2014; MORENO-

al., 1998; PeTERsON et al,

VALCARCEL et al., 2016), and degradation of habi-
tats in relation to foragingl Lowe and PETERSON,
2015; DAviD et al., 2016), growthd DUFFY-ANDERSON
and ABLE, 1999; AsLE et al., 19990 and reproduc-
tiond Ricg, 2006; BALouskus and TARGETT, 2012). In
contrast, several studies have reported the
possible function of artificial hard structures as
habitats for coastal and estuarine fish assemblag-
esl] GUIDETTI, 2004; CLYNIcK, 2006; Sakal et al., 2007;
Inui et al., 2012; TakicAasAakl and Sano, 2013), and
the lack of significant negative effects of modified
shorelines on fish communities in estuarine envi-
ronments compared to natural shorelines
(McKINLEY et al, 2011; MorLey et al, 2012).
However, some authors have noted the need for
additional studies on the ecological effects of
shoreline armouringd] AiroLDI et al., 2005; BULLERI
and CHAPMAN, 2010; MorLEY et al,, 2012), particu-
larly,
UnbperwooD, 2011). Although the cumulative ef-
fects of artificially altered environments have
been previously reportedd PETERsON and Lowe,
2009), there have been few long-term studies on
this modified environment. ScypHeRrs et al.[]1 20150
compared the stability of fish community struc-
tures among three types of modified shorelines

over longer timescalesl] CHaPmAN and

and a natural shoreline using a series of 11Ayear
samples[] based on a fisheries database[ in the
Mobile Bay of the northern Gulf of Mexico. The
authors reported that the most simplified shore-
lined vertical wall(] had the lowest assemblage
stability, and that the natural shoreline had the
most stable assemblages. This indicates the need
for long-term studies of several months or even
years to accurately assess modified shorelines as
habitats for aquatic organisms and elucidate the
impacts on this ecosystem as a basis for imple-
menting effective policies to support sustainable
development.

Guild classification, the categorisation of each
organism relative to its pattern of using the space
and resources in an ecosystem, is a key approach
for evaluating systems as habitats for organisms
in the current context of the global decrease in
biodiversity and increase in ecosystem disturban-
ces] WHITFIELD and ELLioTT, 2002; BLONDEL, 2003;
Carposo et al, 2011b) . EcuorT et al.0d 20070
performed a global-scale review and defined
estuarine fish guilds covering three dimensions of
resource usage: 100 the ways in which the fish use
the estuary during their entire life cycled refined
by PoTTer et al,, 20150 200 primary feeding meth-
od; and 30 use of the site to reproduce. This guild
classification, which has been applied in the
assessment of the ecosystem value of estuaries

O FrRANcO et al, 2008), the understanding of the
relationships between the condition of each estu-
ary and structure of the functional groups

O Nicoras et al, 2010), and the assessment of
estuary habitat qualityd Carposo et al, 2011a;
GamiTo et al, 2012; PErez-DomiNGUEZ et al., 2012),
has significantly contributed to enhancing our
understanding of the connection between the
structure of functional
condition of the estuarine ecosystem. Moreover,
long-term studies have revealed that extreme
climate events have caused dramatic changes in

communities and the
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the functional trait structure of estuarine fish
communitiesd NyITral et al, 2012; Boucek and
REHAGE, 2014). In addition, the long-term effects of
anthropogenic impacts[] such as hydrological
changesld on guild structures in estuaries have
only recently been detected, and the combined
effects with those of climate change could cause
marked changes in ecosystem function] BAPTISTA
et al,, 2015).

Tokyo is one of the world's largest megacities,
and is located along the shoreline of the inner-
most part of the Tokyo Bay. Numerous rivers
flow into the bay, creating various estuarine
environments. The inner part of the bay formerly
comprised a wide area of shallow tidal flats, but
currently, the natural shore has completely
disappeared due to land reclamation for industri-
alisation, which has taken place at an increasing
rate since the 1950s[] ENDOH, 2004; NOMURA, 2012).
A number of studies on fish assemblage struc-
tures and their temporal changes have been
performed during the last 20 years in several
semi-natural shoreline areas(] shallow tidal flats
formed after reclamationl of the estuarine envi-
ronment adjacent to the city, suggesting that
environmental recovery is at least a short-term
prerequisite as a habitat for marine and estuarine
fish with fewer effects from severe pollutants and
modified shorelined Nasu et al., 1996; Kanou et al.,
2000; YAmANE et al, 2003; KoHno et al, 2008;
MoTeki et al, 2009; Kanou and Konno , 2014,
MurAsE et al, 2014). Despite extensive shoreline
development, few studies examining the function
of modified shorelines as habitat have been
performed in the inner part of the bay. Recent
1Ayear surveys on fish assemblages in the inner
bay demonstrated that the artificial canal con-
structed with vertical walls might provide suit-
able habitat for parts of the lifecycle of several
estuarine fish species] Murask et al., 2007; SAKAI
et al, 2007). However, there is little information

on whether modified shorelines in estuarine envi-
ronments can function as a consistent long-term
habitat for fish species. In this context to reveal
temporal dynamics of fish community of modified
estuarine shorelines, the present study examined
the long-term changes of fish community struc-
ture including guild classification by combining
previously published data] 1993A1994: Sakai et al.,
20070 with a more recentl 2004A20070 dataset
O collected using a method similar to that of the
earlier datasetO of fish assemblages at an arm-
oured site in the inner part of the Tokyo Bay.

Materials and Methods

Study site. The study site was located at the
mooring berth of the Shinagawa Campus of
Tokyo University of Marine Science and Technol-
ogy, in the Keihin Canal in the inner part of the
Tokyo Bay, central Japan’] 35°37'33"N, 139°45'04"
E; Fig. 1), approximately 1.6 km north of the
mouth of the Meguro River and 4.0 km south of
Sumida River. The site is classed as estuarine
based on its year-round salinity] Sakai et al., 2007)
. The entire shoreline at this site is armoured with
vertical wall structures. The water depth ranges
from 15 m to 3.0 m, and the bottom sediment
comprises sandy mud including sludge. The
armouring wall is almost fully covered in adhered
oyster shells and blue sea mussels.

Sampling protocol. Although light-trap sam-
pling has several problems caused by utilizing the
positive phototaxis of fishes, it is a more favour-
able sampling method in habitats where it is
difficult to draw plankton, seine, and other fishing
netst DoHERTY, 1987, SakAl et al., 2007). Following
the sampling protocol of a previous study at the
same sitel] Sakal et al., 2007), we conducted fish
sampling twice a month between December 2004
and November 20071 72 sampling events in total),
using an aquatic lampJ 300 Wand two hand nets
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Fig. 1. Map showing the locations of the study site, a
mooring berth in Keihin Canal, and a semi-natural
site, a tidal flat of Keihin-jima Island, for compari-
son, in the inner part of the Tokyo Bayl partly
modified from a 1:25000 topographic map from the
Geospatial Information Authority of Japan).

0 1 mm mesh, 40 cm diameter). We set the aquatic
lamp 05 m below the surface 0.5 m from the
mooring berth, and turned on the lamp 30A60 min
after sunset but did not consider the tide and
moon’'s age. Subsequently, we collected all fish
attracted to the light for 1 h after the light had
been turned on for 5 min. All of the samples were
fixed in 5A10% formalin in the field, and later
preserved in 70% ethanol in the laboratory.
Before each fish sampling, the surface water
temperature and salinity were measured using a
standard mercury thermometer and salinity
refractometer, respectively. Fish were picked
from the samples using a dissecting microscope
and identified to the lowest possible taxon
following Okivamal 19881 and Nakaso (2002).
Scientific names revised after Nakaso[d 2002), fol-

lowed Nakaso[l 20130 and Hosovall 2015). All of
the specimens were deposited in the Kanagawa
Prefectural Museum of Natural History, Oda-
wara, Japand KPM-NI 18477A18511), the Labora-
tory of Ichthyology of Tokyo University of
Marine Science and Technology, Tokyo, Japan
0 MTUF-PO L0 16385A16627) , and the National
Museum of Nature and Science, Tsukuba, Japan
O NSMT-P 92707A92717).

Fish classification. ELLiOTT et al.,[] 20070 devel-
oped a classification of guilds for estuarine usage
functional groups EUFGs[ for fish in estuarine
environments and defined 10 traits. Refining this
classification, PoTtTeER et al,[d 20150 divided the
EUFGs into 4 main categoriesd marine, estuar-
ine, diadromous, and freshwater), and subdivided
these into a total of 14 categories. Using the
sampled fish as general indicators to assess the
temporal variability in habitat quality at the
study site, we classified them into three main
categories and three subcategories(] six catego-
ries in totald following PoTTeErR et al,[ 20150
marine, estuarine, and freshwater, and anadro-
mous, catadromous, amphidromous subcatego-
ries in the diadromous category. For this clas-
sification, we referred to Kawanage et al.,[] 2001),
Konno et al,[d 20110 and HosovyalO 20150 for
information on the ecological use of estuarine
environments by each fish species.

Data analysis. To analyse the variation in
structure of the fish assemblages and changes in
EUFG composition on decadal and annual time-
scales, we defined the following four sampling
periods: Period 0 (P0), May 1993AApril 1994
[ Sakai et al, 20070 Period 1 (Pl), December
2004ANovember 2005; Period 20 P2), December
2005ANovember 2006: and Period 301 P3), Decem-
ber 2006ANovember 2007. Due to the difference in
monthly sampling frequency between P00 1A3
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times per month and P1A30 2 times per month),
the catch per unit effortdd CPUEO was calculated
for each month by comparing the mean abun-
dance of fish among sampling periods. Monthly
one-way repeated measures of analysis of var-
iance[] ANOVA[D and a Tukey's test were per-
formed to analyse the variability in each variable
for the fish assemblages, predominant EUFG
categories, and environments among the sam-
pling periods. When the condition of normal
distribution was violated based on a Shapiro-Wilk
test, the data were log1d] x + 1.00transformed or
Friedman and Wilcoxon'’s signed rank tests were
adopted. Furthermore, to analyse differences in
community structure among sampling periods,
the similarity index of CHao et al.,[0 2005), which
extended the Jaccard index so that it reflected
unseen species and abundance datall Do and
OKAMURA, 2011), was calculated and non-metric
multi-dimensional scalingd] nMDS[O was used to
generate ordination plots based on the values of
similarity index. All of the procedures were
conducted using the software program R 3220 R
DeVELOPMENT CorRe TEAM, 2015).

Comparison with nearby tidal flat. The fish
assemblage structures have been studied since
1994 on a semi-natural tidal flat of artificial Keihin-
jima Island 35°34'05"N, 139°46'06"E; Fig. 1),
close to the present study site, and the results
have shown consistent predominance of estuar-
ine gobies for almost 20 years MoTeki et al., 2009;
MuRrAsE et al., 2014), indicating a relatively stable
long-term community structure. To compare the
temporal stability of the community structure
between modifiedd the study sited and semi-
natural sites over similar time periods, abundance
data on each species from the tidal flat site were
extracted from published papers and reflected in
the composition of the EUFG and nMDS. Then,
the following time periods were fixed for the data

from the tidal flat site: Period 0 on Keihin-jima
Island PO, 1994A1995; NAsu et al., 19960 Period 1
0 P1, 2006A2007: MoTexi et al., 20090 Period 20 P2,
2007A20080] and Period 301 P3, 2008A2009: MuURASE
et al,, 2014). The abbreviations for these periods
are the same as those of the mooring berth site
unless mentioned in the text.

Results

Composition of fish assemblages. A total of
4211 individuals representing 47 fish species
belonging to 28 families were captured during
POA3, with 1,249 individuals and 16 species in PO,
and 925A1056 individuals and 29 or 30 species in
P1A30 Table 1). The total sampling frequencies in
P00 26 timesO and P1A30 24 times in each period(
were almost equal, resulting in no significant
differences in total abundance, but the number of
species in P1A3 was almost two-fold that in PO
0 Table 1). The number of species and abundance
of each EUFG in each sampling period are shown
in Table 2, with values from the nearby tidal flat
for comparison. The marine category was pre-
dominant in terms of number of species across
sites and sampling periods, but the most abun-
dant group changed from estuarine in PO to
marine in P1A3 at the mooring berth site, whereas
on the nearby tidal flat site the estuarine group
was consistently dominant throughout all sam-
pling periods. The four categories, freshwater,
anadromous, amphidromous, and catadromous,
were barely observed 0.00A0.95% in total abun-
dancel throughout the sampling periods except
for P10 10.70% and 12.23% for the anadromous
and amphidromous categories, respectively; Ta-
ble 2). Corresponding to the changes in abun-
dance of the EUFGs, the most abundant fish
species also changed Table 3), in that an estuar-
ine gobiid, Acanthogobius flavimanus, was most
abundant in PO followed by a marine species, the
marine pelagic clupeidD Sardinella zunasi( as the
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Table 1. Fish species and their dominanceld % abundancel] in each sampling period collected at a mooring berth
in the Keihin Canal in the inner Tokyo Bay during Periods 0A30] POA3[]

% Abundance in each period

Family Species EUFG PO Pl ) 3
Anguillidae Anguilla japonica C 0.00 0.00 032 0.19
Engraulidae Engraulis japonica M 17.05 4.89 3557 16.29
Clupeidae Etrumeus teres M 0.00 031 022 0.76
Konosirus punctatus M 0.08 0.10 0.00 0.00
Sardinella zunasi M 1.20 30.58 36.65 60.04
Sardinops melanostictus M 3.12 0.00 0.00 0.00

0.00 10.70 0.11  0.28
0.08 0.00 0.11 0.09
0.08 0.00 0.00 0.00

Cyprinidae Tribolodon brandtii maruta

e
5 B

Osmeridae Plecoglossus altivelis altivelis

Salangichthys ishikawae

0.00  0.10 032 0.00
376 4.69 259 540
032 020 0.11 047
0.00 0.61 0.I1 0.19
0.00 2.14 0.00 038

Acentrogobius virgatulus
Chaenogobius gulosus
Gymnogobius breunigii
G. heptacanthus

M
Mugilidae Mugil cephalus cephalus M 0.00 357 6.05 11.17
Atherinidae Hypoatherina valenciennei M 0.00 13.66 7.78 0.85
Adrianichthyidae Oryzias latipes F 0.00 0.00 0.11 0.00
Hemiramphidae Hyporhamphus sajori M 0.40 0.10 0.00 0.00
Belonidae Strongylura anastomella M 0.00 0.00 0.00 0.09
Scomberesocidae Cololabis saira M 0.00 0.00 0.00 0.09
Poeciliidae Gambusia affinis F 0.08 0.00 0.11 0.00
Syngnathidae Hippocampus mohnikei M 0.00 0.10 0.00 0.00
Scorpaenidae Sebastes cheni M 0.00 082 259 0.09
S. pachycephalus pachycephalus M 0.00 0.10 0.22 0.09
Platycephalidae Platycephalus sp. M 0.00 0.10 022 0.09
Moronidae Lateolabrax japonicus M 0.88 398 1.73 0.09
Centrarchidae Lepomis macrochirus macrochirus F 0.00 0.20 0.00 0.00
Sillaginidae Sillago japonica M 0.00 0.00 0.00 0.28
Leiognathidae Nuchequula nuchalis M 0.00 0.00 0.00 0.09
Sparidae Acanthopagrus latus M 0.00 0.00 0.22 0.00
Kyphosidae Girella punctata M 0.00 020 0.11 0.09
Teraponidae Rhynchopelates oxyrhynchus M 0.00 0.00 0.00 0.09
Terapon jarbua M 0.00 0.10 0.00 0.00
Pholidae Pholis nebulosa M 0.00 031 0.11 0.00
Blenniidae Omobranchus fasciolatoceps E 0.00 0.00 0.11 0.19
Parablennius yatabei M 0.00 0.10 0.00 0.00
Gobiidae Acanthogobius flavimanus E 7126 571 0.54 0.19

M

M

E

M

E

G. macrognathos

G. petschiliensis Am 1.20 1193 054 0.76
Luciogobius sp. Am 0.32 031 0.00 0.09
Mugilogobius abei E 0.08 245 1.08 0.57
Pseudogobius masago E 0.00 0.00 0.00 0.09
Redigobius bikolanus E 0.00 0.00 0.65 0.09
Tridentiger spp. E 0.00 1.12 0.76 0.76
Ptereleotridae Ptereleotris evides M 0.08 0.00 0.00 0.00
Pleuronectidae Kareius bicoloratus M 0.00 051 0.86 0.00
Pleuronectes yokohamae M 0.00 0.00 0.11 0.00
Tetraodontidae Takifugu pardalis M 0.00 031 0.00 0.00

Sampling frequency in total 26 24 24 24
Total individuals in each period 1249 981 925 1056
Number of species in each period 16 30 29 30

EUFG, estuarine use functional group: Am, amphidromous; An, anadromous; C, catadromous; E,
estuarine; F, freshwater; M, marine
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Table 2. Summary of the composition of the estuarine use functional
groups EUFGs0 in each sampling period POA30 during 1993A
19940 Period 0CJand 2004A20070 Periods 1A30 at a mooring berth
in the Keihin Canal using light-trap sampling, and on a semi-
natural tidal flat on Keihin-jima Island in the inner Tokyo Bay
during 1994A199501 POC] and 2006A200901 P1A30 using seine net

sampling
) Numbgr of % Abundance
EUFG at each site Species
PO P1 P2 P3 PO P1 P2 P3

Mooring berth
Marine 9 21 17 17 26.66 6524 9546 95.83
Estuarine 3 5 6 8 7166 1162 324 275
Freshwater 1 1 2 0 008 020 022 0.00
Anadromous 0 1 1 1 000 1070 011 028
Catadromous 0o o 1 1 000 000 032 019
Amphidromous 3 2 2 3 160 1223 065 095
Total 16 30 29 30
Tidal flat
Marine 23 18 20 22 2431 4376 3260 3.00
Estuarine 7 9 9 10 7550 5359 61.75 9341
Anadromous 1 1 1 1 009 001 079 041
Amphidromous 2 3 3 3 011 265 486 319
Total 33 31 33 36

Table 3. Percent abundanceld %[ of the five most abundant fish species and their estuarine use functional
groupld EUFGUO classification) Am, amphidromous; An, anadromous; E, estuarine; M, marine[] at

the mooring berth in each sampling period

Period 00J 1993A19940

Period 10 2004A20050]

Rank Family Species EUFG % Family Species EUFG %

1 Gobiidae A. flavimanus E 7126 Clupeidae S. zunasi 30.58

2 Engraulidae E. japonica M 17.05 Atherinidae H. valenciennei 13.66

3 Gobiidae C. gulosus M 3.76  Gobiidae G. petschiliensis ~ Am 11.93

4 Clupeidae S. melanostictus M 312 Cyprinidae T.brandtii maruta An 10.70

5 Clupeidae S. zunasi M 120 Gobiidae A. flavimanus 571
Period 200 2005A20060] Period 30 2006A20070)
Family Species EUFG % Family Species EUFG %
Clupeidae S. zunasi M 36.65 Clupeidae S. zunasi M 60.04
Engraulidae E. japonica M 3557 Engraulidae E. japonica M 16.29
Atherinidae  H. valenciennei M 7.78 Mugilidae M. cephalus cephalus M 1117
Mugilidae M. cephalus cephalus M 6.05 Gobiidae C. gulosus M 5.40
Scorpaenidae S. cheni M 259  Atherinidae H. valenciennei M 0.85

See Table 1 for initial of genera in each family
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Fig. 2. Decadall broken linesdand annuall solid lines(
variation in the physical parameters over four
time periodsd POA30 solid circles, mean water
temperature; solid squares, mean salinity at the
mooring berth site. Vertical bars indicate standard
errors.

most abundant species during P1A3; 2A5 marine
species were ranked in the top five abundant
members over all sampling periods. This trend
significantly differed from that of a nearby tidal
flat, where estuarine gobiids were diverse and
the most abundant group throughout 1994A2009
00 MoTeki et al.,, 2009; MurasE et al., 2014).

Variation in environmental parameters. The
temporal variation in the environmental parame-
ters at the study site is shown in Fig. 2. Mean
water temperatured] 17.8A21.5°CL] varied signifi-
cantly on a decadal time scaled Tukey’s test, p O
0.001 for PO versus the other sampling periods),
but no significant annual variation was observed.
Mean salinity 14.8A16.800 showed no significant
variation across all sampling periodsC] Friedman
test, p = 0.445).

The mean total number of species increased
significantly from PO to P10 Tukey's test, p =
0.0470 together with an increase in the marine
category from PO to P1 and from PO to P2

(Tukey's test, p = 0.012 and 0.039, respectively),
whereas no significant temporal variation was
detected in the estuarine category] ANOVA, p =
0.864; Fig. 3a). The mean CPUE of the total fish
abundance was constant throughout the sam-
pling periodsl] ANOVA, p = 0.995; Fig. 3b), but
the composition of those EUFGs that constituted
the majority of the total abundancel] marine and
estuarine categories]in each sampling period
changed with time. The percent abundance of the
marine category increased from PO to P1, and
remained stable from P1 to P30 Fig. 3c), varying
significantly among the sampling periodsd Fried-
man test, p = 0.024), although no significant dif-
ferences between PO and the other sampling
periods were detectedd Wilcoxon’s signed rank
test, p = 0.222 for PO versus P1; p = 0.087 for PO
versus P2; p = 0.147 for PO versus P3). In con-
trast, the percent abundance of the estuarine
group decreased from PO to P1 and remained
stable from P1 to P30 Fig. 3c), varying signifi-
cantly among sampling periods[] Friedman test,
p=0.027), whereas no significant differences
between PO and the other sampling periods were
detectedd Wilcoxon'’s signed rank test, p = 0.480
for PO versus P1; p = 0.570 for PO versus P2; p =
0.480 for PO versus P3).

Multi-dimensional scaling. The stress value of
the nMDS ordination was 0.053, indicating that it
was well-fitted and that the relative distances of
similarities among the sampling periods were
substantially greater at the mooring berth site
than at the tidal flat sitedJ Fig. 4). In particular, the
plot of PO for the mooring berth site had a
significantly greater distance of similarity than
those of the other three periodsd P1A3). Because
there was only 1 year-round dataset in the
earliest sampling period, analyses of similarities
could not be performed between the earliest’] PO[]
and more recent sampling periods P1A3), but
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Fig. 3. Variation in the fish assemblage parameters at
the mooring berth over decadall] broken lines(]
and annual( solid lines[] time scales: a, monthly
mean number of species in each sampling period

0 POA30] b, monthly mean catch per unit effort
0 CPUED of individuals; c, mean percent abun-
dance of total catch. Solid circles, squares and
triangles indicate total assemblages, and marine
and estuarine categories, respectively.

the above community parameter variation, which
reflect changes in the number of species and
composition of the EUFGs from PO to P1A3, were
reflected well in the nMDS results.

Discussion

In general, the transitional water environment
of estuaries results in lower biodiversity but a
higher abundance of the surrounding freshwa-
ter/marine environmentsd McLusky and ELLIOTT,
2004; DAY et al. 2012b), and fish of the estuarine
category are a common and abundant guild in
many estuaries] ELLioTT and DewAiLLY , 1995;
Kanou et al.,, 2000; PiHL et al., 2002; HARRISON and
WHITFIELD, 2008). Furthermore, a few generalist
species tended to be abundant in some developed
areas of estuariesd e.g, BiLkovic and ROGGERO,
2008; MoreNo-VALCARCEL et al., 2016), which were
also observed by Sakal et al,[020070 at the
mooring berth site. An estuarine gobiid, Acantho-
gobius flavimanus, which is the most abundant
fish in the inner part of the Tokyo Bay[] Kanou et
al,, 2000; MuraAske et al., 2007, 2014), was dominant
in terms of abundance during 1993A1994, whereas
other estuarine gobies had low abundance at the
mooring berth site. Sakai et al.[J 20070 concluded,
on the basis of a 1Ayear dataset, that the mooring
berth site could function as habitat primarily for
estuarine gobies, and that its low-salinity condi-
tions rendered it poorly suitable as a habitat for
marine fish species. However, our dataset com-
bined with the results of Sakal et al,0d 20070
revealed that the composition of the EUFGs
changed markedly after 10 years, and this was
reflected in the nMDS plotd Fig. 4), although
salinity levelsO Fig. 20 and total fish abundance
0 Fig. 3b0 did not significantly vary during the
entire study period. This change in community
structure can be summarised as follows: the mean
number of species
increased, whereas that in the estuarine category

in the marine category
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Fig. 4. Results of nMDS ordination based on Chao’s adjusted Jaccard index at the
mooring berth site(] m and the nearby tidal flat site(] t). Numbers next to
abbreviations of sites indicate each sampling period] POA3[ defined for each site

Oeg., “ml” indicates Period 1 of mooring berth site).

remained unchanged, leading to an increase in
the total number of speciesD Fig. 3alj and the
percent abundance of the marine category
increased while that of the estuarine category
decreased. Most surprisingly, even an abundant
generalist goby speciesd A. flavimanusO declined
significantly after 10 years in P1), and almost
disappeared thereafter] in P2 and P3; Tables 1, 3)
, causing a decrease in the total abundance of the
estuarine category. A. flavimanus is constantly
predominant at the nearby tidal flat site also in
terms of decadal and annual time scales, and
predominance of this species and the other
estuarine gobies Nasu et al., 1996; MoTeki et al,,
2009; MuURrASE et al., 20140 resulted in that the fish

assemblage structure and EUFG composition at
the nearby tidal flat site did not show any
conspicuous changel] i.e. constant predominance
of estuarine category was detected: Fig. 4,
Table 2). Contrary to this, abundance of A.
flavimanus at an artificial riprap shoreline was
almost half of tidal flat environment within
artificial lagoon of the inner part of the Tokyo Bay
0 Kanou, 2006). Although there have been no data
explaining habitat degradation around the study
site, recent development of infrastructure for city
planning in Tennozu lIsle, an area of Shinagawa
City, located in front of the mooring berth site,
which started 198801 SHINacawA CiTy , 2005) ,
might affect suitable habitat( such as soft-bottom
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shallow environment[ for estuarine category,
especially A. flavimanus.

On the other hand, an increase in the total
number of species(] 16 to 29 or 300 over the
course of one decade was recorded at the study
site, and the total number of species in the estuar-
ine category also increased] from 3 to 8 species;
Table 200despite no variation in the mean number
of estuarine species over the sampling periods
O Fig. 3a). Improvement in water quality in estua-
ries can recover species richness (McLusky and
ELLioTT, 2004), and the increasing species rich-
ness over one decade at the study site may reflect
water quality improvements in the inner part of
the Tokyo Bay[ Nomura, 2012). In fact, popula-
tion recoveries in several diadromous fish species
O e.g., Plecoglossus altivelis altivelis and Tribolo-
don blandtii marutalJin the rivers flowing into the
bay were reportedd KoHno et al., 2011; HosovA,
2015). Low abundances in these diadromous and
other estuarine fishes at the mooring berth site,
despite increases in species richness, suggest that
the modified shoreline without surrounding
shoreline habitat such as tidal flat may only
function as an ecological corridor connecting
natural or semi-natural environments rather than
as true habitat for the lifecycles of fish in the
inner part of the Tokyo Bay. Hydrological
changes relating to man-made changesO eg,
bank regulation and dam interventions[] causing
variation in salinity levels are also important in
determining estuarine fish community composi-
tion BApPTISTA et al, 2015), and generally, high
salinity attracts marine species into the estuary,
leading to higher overall species
(McLusky and ELLioTT, 2004). However, because
salinity showed no significant variation over the
sampling periods in this studyO Fig. 2), water
quality improvements might be the major
contributor to the increase in species richness
and abundance in the marine category rather

richness

than salinity changes at the mooring berth site.
In conclusion, this study highlights importance
of maintaining surrounding natural/semi-natural
environments in addition to water quality im-
provement whereas an artificial structure such as
the mooring berth site can be habitat for
estuarine fishes. Although the present study is
based on data from a single site, it can further our
understanding of how the deployment of coastal
infrastructures influences coastal assemblages
O AiroLpi et al., 2005; BuLLErl and CHAPMAN, 2010),
which can guide interventions in the broader
context of marine spatial planningd FIrRTH et al,
2014). In particular, greater understanding of the
factors directly and/or indirectly causing instabil-
ity in guild structures based on future studies will
enhance the development of more effective
shoreline engineering that takes into account the
long-term ecological impacts.
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