
1. Introduction
Tokyo Bay is a closed bay located near the
center of Japan and opens to the Pacific Ocean.
The bay is surrounded by Tokyo, Chiba, and Ka-
nagawa prefectures, and one of the most devel-

oped sea areas in Japan. The inner Tokyo Bay is
defined as the bay area of north side of the line
connecting Futtsu in Chiba Prefecture and Kan-
nonzaki in Kanagawa Prefecture（KOHNO et al.,
2011）.
The inner Tokyo Bay with vast tidal flats had
been one of the most productive fishing areas in
Japan by the 1960s（SHIMIZU, 1990）. However, as
the economy began to develop, the pollution load
to the inner bay began to increase in the 1950s,
and water quality problem became more serious.
Furthermore, the reclamation of many tidal flats
and shallow areas from the 1960s led to a de-
crease in fish and shellfish catches, and the area
became known as the "Sea of Death"（SHIMIZU,

La mer 61 : 1Ȃ11, 2023, https://doi.org/10.32211/lamer.61.1-2_1
Société franco-japonaise dʼOcéanographie, Tokyo

Occurrence patterns and feeding habits of Tridentiger obscurus
in Furuhama Park, Ota City, Tokyo, central Japan

Keita MARUYAMA1, 2)＊, Chihiro KANEKO1) and Hiroshi KOHNO1, 3)

Abstract: The occurrence patterns and feeding habits of the gobiid Tridentiger obscurus were
investigated to clarify the habitat use in an urban seaside park constructed in the inner Tokyo
Bay. Surveys were conducted using small seine nets and net cages on an artificial sandy beach, a
tidal flat, and a seawall in Furuhama Park, Ota City, Tokyo. In total, 119 individuals（6.3Ȃ46.6 mm
body length［BL］, mode of BL was 5.0Ȃ9.9 mm）were collected from the sandy beach; 89（6.2Ȃ
42.6 mm, 10.0Ȃ14.9 mm）from the tidal flat; and 1,092（8.0Ȃ73.7 mm, 40.0Ȃ44.9 mm）from the sea-
wall. On the sandy beach and tidal flat, the goby fed mainly on zooplankton by 11.0 mm BL, and
thereafter on small benthic and epibenthic crustaceans in addition to the zooplankton as they
grew. On the seawall, T. obscurus fed on small benthic and epibenthic crustaceans with no onto-
genetic diet shift. These results revealed that T. obscurus would grow by taking different prey
resources among multiple environments in the urban seaside park during their early life history,
implying the need for comprehensive conservation of the various environments to protect the
fish species.

Keywords : Gobiidae, Ontogenetic dietary shift, Artificial environment, Tokyo Bay

1）Usa Institute of Marine Biology, Kochi University,
194 Usa, Tosa, Kochi 781Ȃ1164, Japan

2）Fisheries Agency of Japan, 1Ȃ2Ȃ1 Kasumigaseki,
Chiyoda-ku, Tokyo 100Ȃ8907, Japan

3）Niigata Field Station, Fisheries Stock Assessment
Center, Fisheries Resources Institute, Japan Fish-
eries Research and Education Agency, Niigata
951Ȃ8121, Japan

4）Nishinihon Institute of Technology, 9Ȃ30 Waka-
matsu-cho, Kochi 780Ȃ0812, Japan

5）Fisheries Resources Institute, Japan Fisheries Re-

search and Education Agency, Yokohama, Kana-
gawa 236Ȃ8648, Japan

6）Ecosystem Research Center of Coastal Area,
2Ȃ15Ȃ1 Etchujima, Koto-ku, Tokyo 135Ȃ0044, Ja-
pan

7）Fuji City Government, 1Ȃ100 Nagata, Fuji, Shizuo-
ka 417Ȃ8601, Japan
＊Corresponding author:
Fax: 088Ȃ843Ȃ4740
E-mail: muhomatu@kochi-u.ac.jp

1）Laboratory of Ichthyology, Tokyo University of
Marine Science and Technology, 4Ȃ5Ȃ7 Konan,
Minato-ku, Tokyo 108Ȃ8477, Japan

2）Graduate School of Science and Technology for
Innovation, Yamaguchi University, 2Ȃ16Ȃ1 Toki-
wadai, Ube, Yamaguchi, 755Ȃ8611, Japan

2）Nagao Natural Environment Foundation, 4Ȃ20Ȃ9
Midori, Sumida-ku, Tokyo 130Ȃ0021, Japan
＊Corresponding author:
E-mail: bokuwamoku@gmail.com



2 La mer 61, 2023

1999）. Thus, the area of tidal flats, which was es-
timated to be 136 km2 before the 1940s, de-
creased to 10 km2 in 1973（OGURA, 1993）. Since
the 1970s, multiple administrative agencies along
the coast of the Tokyo Bay have created artifi-
cial tidal flats to revitalize the area so that citi-
zens can enjoy ecosystem services again（YA-
MANE et al., 2004; KOHNO et al., 2008）. As a result,
the area of tidal flats increased to 16. 4 km2 in
1997（MINISTRY OF THE ENVIRONMENT OF JAPAN,
1997）, but the vast mudflats and shallow areas in
the past have been lost and much of the coast-
line have been replaced by seawalls and artifi-
cially placed rocky areas（SHIMIZU, 1999; ONO-
DERA et al., 2020）.
Owing to the loss of these tidal flats and shal-
low areas, which served as important habitats
for fish, there are only few natural tidal flats left
to serve this function（KANOU et al., 2000; HER-
MOSILLA et al., 2012）.Under this situation, com-
prehensive surveys have been conducted on ar-
tificial tidal flats in Tokyo Bay; for example,
Kasai Marine Park（KUWABARA et al., 2003; YA-
MANE et al., 2004）and Furuhama Park in Tokyo
（MURAI et al., 2016; MARUYAMA et al., 2021）;
Shinhama-ko Lagoon in Chiba Prefecture（KOH-
NO et al., 2008）; and Hakkei-jima Park in Kanaga-
wa Prefecture（YAMANE et al., 2004）. These sur-
veys revealed that artificial tidal flats would
function as nursery grounds for various fish spe-
cies.
Moreover, similar surveys have been per-
formed on vertical seawalls and rocky shorelines,
which make up the majority of the inner Tokyo
Bay; for example, the ichthyofauna of vertical
seawalls（SAKAI et al., 2007; ONODERA et al., 2020）
and the occurrence patterns of gobies in rocky
areas（MURASE et al., 2007）. However, these sur-
veys have mainly focused on ichthyofauna, and
there have been few studies on the detailed oc-
currence patterns and feeding habits of each fish

species. Currently, while planning the restora-
tion of lost tidal flats and shallow areas, the need
to clarify environment preferences and food hab-
its in each developmental stage in each fish spe-
cies has been pointed out（MURAI et al., 2016;
MARUYAMA et al., 2021）.
The tripletooth goby Tridentiger obscurus is
typical estuarine fish, widely distributed in
brackish waters in Japan（KISHI, 2001）. In this
study, we investigated ecological information
such as the occurrence patterns and feeding
habits of the goby in an urban seaside park of
the inner Tokyo Bay in order to clarify the habi-
tat use of resident fish in several artificial envi-
ronments in the bay area.

2. Materials and Methods
The survey site is Furuhama Park, located in
Ota City, Tokyo, on the western shore of the in-
ner Tokyo Bay（Fig. 1）. Furuhama Park was
opened in 2007 as a park with 1.2 ha of sandy
beach（median particle size = 0.2 mm mountain
sand from Kimitsu, Chiba Prefecture, hereinafter
referred to as "sandy beach"）; 1.0 ha of muddy ti-
dal flat（a native tidal flat relocated 200 m off-
shore and covered with porous gravel and rocks,
hereinafter referred to as "tidal flat"）; and a 4.6
ha shallow area with water depth of 1.5 m be-
tween the sandy beach and tidal flat（TAKEYA-
MA et al., 2018）. Submerged dikes, approximately
4.0 m high from the seafloor, are located at the
northern and southern ends of the shallow area
that borders the surrounding canal. Submerged
dikes control the discharge of sediment from
shallow areas and the inflow of hypoxic oxygen
water spreading to the bottom layer of the sur-
rounding canals（OKAMURA et al., 2004）. Envi-
ronmental and ichthyofaunal surveys have been
conducted on this park since before its construc-
tion（e.g., OTA CITY, 2019; TAKEYAMA et al., 2018）
and there are many previously reported studies
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on them, which are unusual for an urban water-
front park.
The study site and surrounding waters are
brackish, and the annual mean salinity is 17.4 on
the beach and 18.0 on the tidal flat（MARUYAMA
et al., 2021）. The average dissolved oxygen
（herelnafter DO）is more than 7.0 mg/L through
years on sandy beach and tidal flat and have
never been below 3. 0 mg/L; however, the bot-
tom layer of the surrounding canal area becomes
hypoxic, causing the DO level to be below 3. 0
mg/L during summer（TAKEYAMA et al., 2018;
ONODERA et al., 2020）. There are no Sargassum
or Zostera beds, and many vertical seawalls
made of concrete and rocky areas, which are
characteristic of urban canal areas, exist in the
surrounding area.
Fish samples were collected at three stations:
sandy beach, tidal flat, and seawall（Fig. 1）. On

the sandy beach and the tidal flat, surveys were
conducted once a month from May 2014 to April
2019 using seine nets at low tide during the day-
time around the spring tide. However, the tidal
flat was not surveyed in September and October
2014, January and June 2015, and April 2019. In
2016 and 2017, the surveys could not be conduct-
ed in August; therefore, they were conducted
twice in September. The number of tows of
small seine nets was two（three in May and June
2014）. A small seine net（sleeve net: 4.5 m long,
1.0 m high, mesh size 2.0 mm; body to bag net:
2.0 m wide, 1.0 m high, 5.5 m long, 0.8 mm mesh）
（KANOU et al., 2002）was used for the survey and
towed 25 m along the shoreline at a depth of 1.0
m or less. The net was towed such that the
width of the net opening was 4.0 m. In this case,
100 m2 of fish was collected at a time.
Sampling surveys were conducted on the sea-

Fig. 1 Map showing the sampling sites in Furuhama Park located in inner Tokyo Bay. Fish
were caught with a small seine net in the sandy beach and tidal flat and with net cages in the
seawall.
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wall from April 2016 to March 2019 using a fish-
ing gear called a net cage. Three types of net
cages were prepared by placing different inter-
nal materials（nylon net, bamboo shoot, and oys-
ter shell）in a wire mesh cage（0.4 m in length
and width, 0.5 m in height, 40 mm mesh size）, as
described by TAKEYAMA et al.（2017）. The net
cages for each internal material were set with
ropes at two points, one at the water surface and
the other at the seafloor, and sampling was con-
ducted once a month at low tide during the day-
time around the spring tide. The water surface
cages were anchored to a floating pier that
moved with the tides, so that they were always
positioned at the water surface. The net cages
that had been collected were sunk in the same
position and collected again the following month
in the same manner. In collecting the fish, we
hauled the fish with the rope, retrieved the net
cage, and collected the fish in the cages. To pre-
vent fish from escaping from the net cage, the
bottom and surrounding areas of the net cage
were covered with a scoop net（opening size 1.1
m, mesh size 1.0 × 1.0 mm）. The differences in
fish occurrence patterns by materials and depth
are discussed in detail in ONODERA et al.（2020）
and TAKEYAMA et al.（2017）, so this paper treats
all Tridentiger obscurus collected in the seawall
together. At the study site, it has been shown
that the hypoxic water occurs in the bottom lay-
er during the summer months, making it difficult
for fish to inhabit.
The samples were fixed in the field using 10%
brackish water formalin and brought to the labo-
ratory. Tridentiger obscurus specimens were
sorted and identified from the samples in the lab-
oratory, counted, measured for body length［BL］,
and their developmental stages were deter-
mined. The developmental stages of the samples
were classified into three classes（larvae: when
the number of fin rays had not completed; juve-

nile: when the number of fin rays had completed
but the fish was still immature; adult: when the
fish was sexually mature）based on KANOU et al.
（2000）. In this study, samples with 9.9 mm BL or
less were classified as larva, 10.0Ȃ29.9 mm BL as
juvenile, and 30.0 mm BL or more as adults.
A total of 218 individuals were used as sam-
ples for feeding habit analyses: 22 individuals
(7.0Ȃ15.5 mm BL）collected on the sandy beach,
39 individuals（7.0Ȃ30.3 mm）on the tidal flat, and
157 individuals（11.2Ȃ68.3 mm）on the seawall.
Volumetric analysis（HYSLOP, 1980）was used to
examine their gut contents, and the mean vol-
ume percentage（%V）was calculated according
to HORINOUCHI and SANO（2000）and KANOU et al.
（2004）. The food items in the gut contents of
each individual were identified as the lowest pos-
sible taxon. The anterior half of the gut was ex-
amined for larvae with a straight gut, and the
gut contents up to the first bending were exam-
ined for individuals with a bent gut. The volume
of gut contents was determined as follows: the
gut contents of each individual were observed
under a binocular microscope to assess the diet
and the volume of each food item was deter-
mined on a glass slide with a 1.0 × 1.0 mm grid
pattern, aligned with the thickness. In each indi-
vidual, the volumes of all food items were added
and the total volume of the gut contents was cal-
culated. The percentage of the volume of each
food item was calculated from the total calculat-
ed volume. Specimens with empty guts were ex-
cluded from the analyses. To determine whether
the feeding habits changed with growth, the
Mann-Whitney U-test was used to test whether
there was a difference in the %V of major food
items among several length ranges.

3. Results
3.1 Occurrence patterns
The number of Tridentiger obscurus collected
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was 119 individuals（6.3Ȃ46.6 mm in body length,
BL）on the sandy beach, 89 individuals（6.2Ȃ42.6
mm BL）on the tidal flat, and 1,092 individuals
(8.0Ȃ73.7 mm BL）on the vertical seawall（Fig.
2）. The mode of body lengths classes from 5.0 to
9.9 mm for the sandy beach, 10.0 to 14.9 mm for
the tidal flat, and 40.0 to 44.9 mm for the seawall.
In addition, 40.0Ȃ44.9 mm were collected in abun-
dance on three materials of the net cages. The
goby occurred from March to October on the
sandy beach, January to November on the tidal
flat, and throughout the year on the seawall. The
number of individuals collected on the sandy
beach was high from July to October and low
from January to June（Fig. 3）. On the tidal flat,
relatively large numbers of individuals were col-
lected from April to June and few individuals
throughout the year. On the vertical seawall, a
certain number of individuals were collected
throughout the year, but the number was partic-
ularly high from July to September.
In terms of developmental stages, larvae and
juveniles appeared in the same proportion on the
sandy beach from July to September, but more
larvae were observed in October（Fig. 3）. On
the tidal flat, most fish were juveniles from Janu-
ary to June; however, adults were observed in

addition to juveniles from July to September,
and larvae and juveniles appeared in the same
proportions in October and November. On the
vertical seawall, adults were abundant through-
out the year and almost no larvae were ob-
served. Juveniles were also observed throughout
the year and were abundant from July to Sep-
tember.

3.2 Feeding habits
Tridentiger obscurus on the sandy beach and
tidal flat fed mainly on zooplankton, such as cala-
noid copepods（65.6% and 88.4%, respectively）,
followed by small benthic and epibenthic crusta-
ceans, such as amphipods and mysids（Fig. 4）.
However, the %Vs of zooplankton were signifi-
cantly different between the two stations after
they attained 11.0 mm BL（p<0.05）, with a mean
percentage of 23.8% on the sandy beach and 48.
4% on the tidal flat, indicating that T. obscurus
larger than 11.0 mm BL shifted to and fed pri-
marily on small benthic and epibenthic crusta-
ceans. In contrast, T. obscurus on the seawall did
not show a diet shift with growth; they mainly
fed on small benthic and epibenthic crustaceans,
such as amphipods, and polychaetes（Fig. 4）. No
individuals of T. obscurus feeding on fish includ-

Fig. 2 Body length classes of Tridentiger obscurus collected from Furuhama Park during
the study period from 2014 to 2019, shown by each collecting site.
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ing this species were observed.
The percentage of empty gut was 0% on the
sandy beach, 2.6%（1 individual）on the tidal flat,
and 4.0%（6 individuals）on the vertical seawall.

4. Discussion
4.1 Habitat shifts with growth
The number of Tridentiger obscurus larvae
smaller than 9.9 mm BL collected in this study
was 59 out of 119 individuals（49.6%）at the san-
dy beach and 10 out of 89（11.2%）at the tidal flat.
NAKAMURA（1942）reported that T. obscurus up
to 9.35 mm BL is considered to be pelagic larvae.
Many gobiid species in Tokyo Bay have a pela-
gic life during the larval stage, and such larvae
have been shown to have poor swimming abili-

ties（ANGMALISANG et al., 2020; NAKAIMUKI et al.,
2022）. Therefore, the sandy beach and tidal flat
in Furuhama Park, which are less affected by
waves, may provide pelagic life area for the T.
obscurus larvae.
Although Tridentiger obscurus rarely ap-
peared on the sandy beach after reaching 15. 0
mm BL（11 individuals occupying 9. 2%）, they
appeared in some numbers on the tidal flat（51
individuals occupying 57. 3%）and were abun-
dant on the seawall（1,059 individuals occupying
97. 0%）. In Furuhama Park, hand net sampling
was conducted twice a year（in June, September,
or October）as a post-construction environmen-
tal survey in Ota City. Among them, results
from a rocky area approximately 50 m west of

Fig. 3 Body length classes of Tridentiger obscurus collected at each habitat for every three months
from May 2014 to April 2019. Open bars indicate the larva, gray bars indicate the juvenile, and sol-
id bars indicate the adult.
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the seawall in the present study site showed that
T. obscurus of 7Ȃ90 mm BL were collected, and
the mode was 45. 1Ȃ50. 0 mm BL（OTA CITY,
2015Ȃ2019）. T. obscurus generally congregate in
estuarine areas where there are gravels, bould-
ers, and artificial dumping sites（KISHI, 2001;
KOHNO et al., 2011）. Recently, T. obscurus was
reported to be abundant on seawalls in urban ca-
nal areas（TAKEYAMA et al., 2017; ONODERA et al.,
2020）. Therefore, T. obscurus select habitats ac-
cording to their developmental stages, such that
they initially grow on sandy beach and tidal flat
up to 15. 0 mm BL and then change habitat to
seawall and/or rocky areas where they grow to

15.0 mm BL and larger.
From the juvenile stage, Tridentiger obscurus
has a habit of getting under cover and prefers
areas with boulders and artificial dumping rath-
er than open areas（Kohno et al, 2011）. Some in-
dividuals larger than 15.0 mm BL were observed
on the tidal flat, probably because of the pres-
ence of boulders of various sizes（10Ȃ50 cm in
diameter）scattered on the tidal flat. Although
these boulder areas have been shown to be feed-
ing areas for birds, such as Arenaria interpres
and Numenius phaeopus（OTA CITY, 2018）, they
may provide important microhabitats for other
organisms such as fish.

Fig. 4 Percentage volume（%V）of food items in the guts of
Tridentiger obscurus in each habitat（a: sandy beach; b: tidal
flat; c: seawall）from May 2014 to April 2019. Numerical char-
acters on top of each column indicate the number of fish with
food examined.
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4.2 Ontogenetic dietary shift
At both the sandy beach and tidal flat, Triden-
tiger obscurus fed mainly on zooplankton such as
calanoid copepods when they were up to 11. 0
mm BL, but when they grew to a size larger
than 11.0 mm BL as juveniles, the proportion of
zooplankton in their gut contents decreased and
they started feeding on small benthic or epi-
benthic crustaceans such as amphipods and my-
sids. These results indicate that these two sta-
tions function as ontogenetic dietary shift areas.
The timing of these diet shift has been studied
in other gobiids; for example, Acanthogobius fla-
vimanus, which are dominant species on tidal
flats in the inner Tokyo Bay, change their main
food items from zooplankton such as calanoid
and cyclopoid copepods and cladocerans to small
benthic and epibenthic crustaceans such as har-
pacticoid copepods and gammaridean amphipods
and polychaetes when juvenile fish settle on the
bottom（KANOU et al., 2004）. Although Triden-
tiger obscurus entered the juvenile stage at 10.0
mm BL in this study, HWANG et al.（2006）men-
tioned that the size format which they change
from larval to juvenile was 11.6Ȃ14.3 mm BL. NA-
KAMURA（1942）indicated that T. obscurus shift-
ed to a benthic lifestyle at 9. 35 mm BL. From
these results, it is clear that T. obscurus change
their main food items as they settle on the bot-
tom during transformation period from larvae to
juveniles.
The present study revealed that Tridentiger
obscurus on the seawall at Furuhama Park fed
mainly on small benthic or epibenthic crusta-
ceans such as amphipods and polychaetes.
Therefore, food habits of T. obscurus after the
juvenile were common; however, they expand
their habitat from sandy beach and tidal flat to
seawall and rocky areas after changing their
main food items from zooplankton to small
benthic and epibenthic crustaceans in the former

nurseries. Although it has been reported that T.
obscurus in the inner Tokyo Bay fed heavily on
algae（KANOU et al., 2004; MURASE et al., 2013）,
the %V of algae in this study was low（6.1 %）. In
Lake Hinuma, Ibaraki Prefecture, the main prey
of 31Ȃ52 mm BL T. obscurus was mysids（KANE-
KO et al., 2016）. During sampling in the present
study, many amphipods were observed to be at-
tached to net cages and on boulders in the tidal
flat. In addition, it has been reported that many
amphipods inhabit seawalls and boulder areas,
which are the research locations in this study
（OGAWA, 2011）, and it is possible that T. obscu-
rus used to prefer to feed on amphipods in Furu-
hama Park. This supports the idea that the feed-
ing habit of T. obscurus varies according to
environmental conditions（MURASE et al., 2013）;
thus, the species is classified as a miscellaneous/
opportunist, rather than an omnivore.

4.3 Spawning ground and seasons
The smallest specimen of Tridentiger obscurus
captured in this study was a 6.2 mm BL and was
collected on the tidal flat, and hatching larvae
have been reported to be 3. 1 mm BL（NAKA-
MURA, 1942）. HWANG et al.（2018）, who bred T.
obscurus in aquaria and observed the larvae and
juveniles, reported that T. obscurus grew to
2.83Ȃ4.07 mm in total length［TL］at 8 days after
hatching, 3.63Ȃ4.93 mm TL at 17 days, and 7.18Ȃ
8. 73 mm TL at 28 days. NAKAMURA（1942）re-
ported that the TL of T. obscurus larvae is 105.1
to 118.9% of BL. Thus, the smallest specimen col-
lected in this study was estimated to be 6.5Ȃ7.4
mm TL, indicating that the specimen was be-
tween 17 and 28 days post-hatching.
The smallest mature BL of Tridentiger obscu-
rus is 27 mm for males and 30 mm for females
（NAKAMURA, 1942）. Many larger adult individu-
als were observed in this study, particularly on
the seawall station. In addition, many adults
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have been found on the rocky areas in Furuha-
ma Park（OTA CITY, 2015Ȃ2019）. The spawning
season of T. obscurus in Tokyo Bay is from May
to September（KISHI, 2001）, and larvae were ob-
served from July to November on the sandy
beach and tidal flat. In May 2017, during the pe-
riod of this study, T. obscurus were observed to
spawn and protect their eggs on the inner sur-
face of dead oyster shell（Crassostrea gigas）at-
tached to the seawall. Based on these reports,
the area around Furuhama Park, including the
seawall, may be a spawning ground for T. obscu-
rus, and the spawning season is estimated to be
from May to October. These findings indicate
that artificial environments may not only pro-
vide habitats for each developmental stage but
also have the potential to become important
spawning grounds for the next generation of T.
obscurus.
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