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Predation pressure for a juvenile fish on an exposed sandy
beach : comparison among beach types using tethering

experiments

Yukinori NAKANE", Yusuke SUDA?, Yasuhiro HAYAKAWA?,

Jun OHTOMI” and Mitsuhiko SANO"

Abstract: To determine whether or not predation pressure differed among beach types charac-
terized by exposed sandy conditions for juvenile Sillago japonica, tethering experiments were
conducted at three sites (reflective type, dissipative type, and a runnel of intermediate type) at
Fukiagehama Beach, southern Japan, in August 2007. Predation pressure was considered to be
lowest at the runnel site, since large piscivorous fishes may be unable to move across offshore,
shallow sand ridges into runnels. The species and individual densities of piscivorous fishes were
examined at each site plus an offshore site below the runnel by visual census. The mean sur-
vival rate of tethered prey per replicate did not differ significantly among the three sites. In ad-
dition, no significant differences in species or individual densities of piscivorous fishes were
apparent among the three tethering experimental sites, although both densities were signifi-
cantly lower at the offshore site than the runnel site. These results suggested that predation
pressure was similar among the beach types, runnel habitats not providing small juvenile

fishes with the level of protection from predators as previously believed.

Keywords: tethering experiment, beach type, juvenile fish, predation refuge

1. Introduction

Sandy beaches have been widely recognized
as an important habitat type for juveniles of
many fish species (e.g. MODDE and Ross, 1981;
LAYMAN, 2000; GIBSON et al., 1993; SUDA et al.,
2002; McLACHLAN and BrOwN, 2006; INOUE et
al., 2008). Although they have long been con-
sidered as structurally monotonous environ-
ments, recent studies have demonstrated that
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sandy beaches are dynamic and complex envi-
ronments, physically determined by the total-
ity of water and sediment movements (KOMAR,
1998; SHORT, 1999). The resulting complexity,
therefore, may enhance the value of sandy
beaches as habitats providing food and refuge
from predators for juvenile fishes.
Ridge-runnel systems are common topo-
graphic features of sandy beaches worldwide
(KOMAR, 1998; SHORT, 1999). Ridges are ele-
vated, elongated areas of sand that extend
along the beach roughly parallel to the shore.
Ebbing tides expose the ridges, and water is
trapped behind them in troughs (runnels)
(HARVEY, 1998). HARVEY (1998) and LAYMAN
(2000) found that small and juvenile fishes
were more abundant in runnel areas than in
outer areas, suggesting that runnels serve as
refuges from predation for small juvenile
fishes, since large piscivorous fishes are proba-
bly less able to move across the shallow ridges
into runnels. Other factors, such as increased
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food availability, may also contribute to
heightened concentrations of juvenile fishes in
runnels (HARVEY, 1998).

According to a morphodynamic scheme con-
sidering the spatial and temporal variability of
coasts, sandy beaches can be classified into
three major types: dissipative, reflective, and
intermediate (WRIGHT and SHORT, 1984; SHORT,
1999). Dissipative beaches are characterized
by wide, low gradient surf zones across which
breaking waves gradually dissipate their force.
In contrast, reflective beaches have relatively
steep slopes and no surf zone, waves breaking
abruptly near the shoreline. Intermediate
beaches (intermediate between the dissipative
and reflective types) exhibit a wide range of
morphodynamic characteristics, accordingly
being subdivided into several states, including
ridge-runnel systems. Because dissipative and
reflective beaches lack the ridge-runnel sys-
tems, it seemed likely that predation pressure
on juvenile fishes in runnels on intermediate
beaches may be lower than in the other two
beach types. However, no studies have at-
tempted to compare predation pressures among
the three beach types.

A number of studies have indicated short-
comings of tethering experiments. Changes in
the behavior or escape responses of tethered
fish, for example, may result in increased vul-
nerability to predators (CURRAN and ABLE,
1998). Notwithstanding such artifacts, how-
ever, “tethering” has been recognized as useful
for evaluating relative predation pressures be-
tween habitats (ARONSON and HErck, 1995;
PETERSON et al, 2001; BAKER and SHEAVES,
2007; HorinoucHr, 2007). To date, tethering
has been used on a wide variety of organisms,
including invertebrates (e.g. PETERSON and
Brack, 1994; KNEIB and SCHEELE, 2000) and
fishes (e.g. CURRAN and ABLE, 1998; LAEGDSGA-
ARD and JOHNSON, 2001; MANDERSON et al.,
2004; NAKAMURA and SANO, 2004; BAKER and
SHEAVES, 2007).

The aim of the present study was to deter-
mine whether or not predation pressure on ju-
venile (bottom dwelling) Sillago japonica
differed among the three beach types (reflec-
tive, dissipative, and intermediate with a ridge-
runnel system) on an exposed sandy beach in

southern Japan, using tethering experiments.
Species richness and total abundance of piscivo-
rous fishes were also investigated by visual
census and compared among the three beach

types.

2. Materials and Methods
2.1. Study site

The study was carried out at Fukiagehama
Beach (31°28'N, 130°18'E), situated on the
southern coast of Kyushu Island, Japan, and
opening broadly to the northern part of the
East China Sea (Fig. 1). The beach was ap-
proximately 45 km long, with three distinct
coastal segments represented by different
beach types. The northernmost segment was
dominated by a reflective beach, and the middle
and southernmost segments, by an intermedi-
ate beach with ridges and runnels, and a

- 34N f/ﬁ
Reflective
(,ﬁj’ beach
&
- 3N ————
e
East China
Sea . :
e e Fukiagehamaf
Beach
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Intermediate beach
5 km
Fig. 1. Map of the study area at Fukiagehama

Beach, Kyushu Island, southern Japan, showing
experimental sites (@) in three coastal segments
representing different beach types (reflective, in-
termediate with ridge-runnel systems, and
dissipative).
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Table 1. Beach profiles (dimensionless fall velocity, and intertidal slope and width) and wave height of each seg-
ment at Fukiagehama Beach. Definition and measuring methods of the dimensionless fall velocity (Q) fol-
lowed WRiGHT and SHORT (1984). Q values < 2 and > 5 indicate reflective and dissipative beach states,
respectively, and Q values between 2 and 5 an intermediate beach state (McLacHLAN and BrRowN, 2006). The
intertidal slope and width were examined by levelling, and wave height by visual observations. Three repli-
cate measurements were conducted at each segment in August 2007. Values indicate mean * standard error

(n=3).
Segment Beach type Q Intertidal slope Intertidal width (m) Wave height (m)
Northern Reflective 1.3£0.2 1/7.1£0.1 15.5%0.1 0.9%0.1
Southern Dissipative 9.6%0.3 1/83.8+1.1 272.0£0.1 0.8£0.1
Central Intermediate with 4.3%0.4 1/41.7+2.2 140.3+1.5 0.9£0.1

ridges and runnels

dissipative beach, respectively (Fig. 1). Fukia-
gehama Beach is meso-tidal, with an average
range of approximately 2 m. Some beach pro-
files and the wave heights of each segment are
given in Table 1.

2.2. Tethering experiments

Tethering experiments were conducted at
each of the three beach types in August 2007,
when the wave conditions along Fukiagehama
Beach were relatively calm. Similar experimen-
tation was not possible in other seasons due to
heavy wave action.

Newly-recruited juvenile sillaginids (Sillago
Japonica) were chosen as prey, since they were
the most abundant component of the fish as-
semblage at the study beach during the sum-
mer season (NAKANE et al., 2005), swimming
actively over the bottom during the daytime,
and feeding mainly on calanoid copepods and
mysids (INOUE et al., 2005). Juveniles of this
species were captured at each experimental site
with a 16 m pocket beach seine net and main-
tained in a tank for less than one hour prior to
each experimental trial. Before tethering, the
total lengths of the collected juveniles were
measured to the nearest 0.1 mm. Similarly-
sized juveniles were tethered to minimize the ef-
fects of prey size on predation (mean %+ stand-
ard error = 34.1 £ 0.1 mm). A transparent
monofilament line was attached to the muscle
tissue of the anal fin base with a small fishing
hook (5 mm long). The other end of the line
was tied to a small lead weight (0.5 kg). Each
tether was 1.0 m in length (0.128 mm in diame-
ter), which allowed the fish sufficient mobility
to avoid predators.

Five tethering stations (four replicates plus

one control), parallel to the shore and sepa-
rated from each other by more than 20 m, were
established randomly at each site within the re-
flective and dissipative beaches, and in a runnel
on the intermediate beach (Fig. 1). Within each
station, four tethered fish were deployed on the
sandy substratum at a (low tide) depth of ca.
0.5 m (between 10:00 and 13:00 h). Individual
fish of each station were placed at least 15 m
apart to ensure the independence of each
predation event. Controls were carried out to
determine whether or not prey fish could tear
loose from hooks due to factors other than
predator attacks. All control tethers were sur-
rounded by a 4 mm mesh net to exclude preda-
tors. These experiments were performed at one
site per day on three consecutive days. In the
present study, an offshore tethering experi-
ment below the intermediate beach runnels was
not conducted because of relatively high wave
action.

Immediately after all tethered juveniles had
been observed swimming normally, each ex-
periment trial was run over a 10 min period,
the presence or absence of tethered juveniles be-
ing recorded at the end of each. The percentage
of juveniles present was used as the survival
rate for each station at each beach site. A one-
way analysis of variance (ANOVA) was used
to examine differences in survival rates among
the three beach sites. Prior to the analysis, the
homogeneity of variances was improved by
arcsine transformation for proportional data.

2.3. Visual censuses

On completion of the tethering experiments,
visual censuses were made at each experimental
site (0.5 m deep), in order to estimate local
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species and individual densities of piscivorous
fishes. In addition, a similar census was con-
ducted at the offshore site (1.5 m deep) below
the runnel on the intermediate beach. At each
site, five 50 X 2 m belt transects, parallel to the
shore and separated from each other by at least
25 m, were established randomly using a scaled
rope. The rope was laid 5 min prior to census
taking to reduce biases due to disturbance. Af-
ter the recovery period, each transect was ap-
proached slowly by a diver using a snorkel and
all fishes within the transect area counted for
10 min. Each census was made at low tide be-
tween 11:00 and 14:00 h, and each transect was
censused once. Identification of fishes as
piscivorous was based on dietary data from a
preliminary study conducted at the study
beach (unpublished). Species richness and
abundance of piscivores at each site are ex-
pressed as the mean numbers of species and in-
dividuals per transect (100 m?, five replicates
per site), respectively. Fish classification fol-
lows NaKABO (2002).

In the present study, it was considered that
avian and large invertebrate predators, such as
herons (CROWDER et al, 1997, MANDERSON et
al., 2004) and crabs (HAYWOOD et al., 2003), re-
spectively, contributed little to measured
predation events in the tethering experiment,
because such predators were not observed at
each study site.

A one-way ANOVA was used to examine dif-
ferences in species and individual densities of
piscivorous fishes among the four sites.
Tukey’s honestly significant difference (HSD)
test was performed when significant differ-
ences appeared in ANOVA. Before the analy-
ses, data were log transformed to standardize
variances.

3. Results
3.1. Tethering experiments

The mean survival rate of tethered prey per
replicate did not differ significantly among the
three beach sites (one-way ANOVA, F,,=2.08,
P=0.181) (Fig. 2). At the end of the experi-
mental period, the control trials included all of
the tethered fish at each site, none having bro-
ken free from their hooks.

3.2. Visual censuses

A total of 39 piscivorous fishes, representing
7 species, were observed at the four beach sites
during the study period (Table 2). There were
significant differences in the species and indi-
vidual densities of piscivores among the four
sites (one-way ANOVA, species density, Fsis =
3.71, P=0.034; individual density, Fs, = 4.29, P
=0.021). Tukey’s HSD tests showed that the
species number was significantly lower at the
offshore site compared with the runnel site on
the intermediate beach (P=0.034), although no
significant differences were found among the
three sites on the reflective beach, dissipative
beach, and intermediate beach (runnel) (P
>0.10). Similarly, no significant differences in
individual numbers were apparent among the
above three inshore sites (P >0.05), whereas a
significantly lower number was obtained at the
offshore site compared with the intermediate
(runnel) and reflective beach sites (P < 0.05)
(Table 2).

4. Discussion

The most serious problem of tethering ex-
periments lies in the potential artifacts that
may vary among treatments (e.g. across habi-
tats) (PETERSON and BLACK, 1994; KNEIB and
SCHEELE, 2000; HAYWOOD et al, 2003; BAKER
and SHEAVES, 2007). If the physical structure of
the habitats or composition of the predator as-
semblages differs considerably among experi-
mental habitats, the effects of tethering on

60 1
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Fig. 2. Mean survival rates (£ standard error) of

tethered prey per replicate (n = 4) at each beach
site.
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Table 2. Mean number of individuals (£ standard error) of each piscivorous fish species per transect (100m?

n = 5) observed at each site.

Intermediate
Family Species Reflective  Dissipative
Runnel  Offshore
Belonidae Strongylura anastomella 0 0 0.2£0.2 0
Platycephalidae Platycephalus sp. 0.2£0.2 0.4=%0.2 0.8£0.4 0
Moronidae Lateolabrax japonicus 1.6£0.8 0 1.2£0.8 0.2£0.2
Carangidae Caranx sexfasciatus 0.8%0.5 0 0 0
Sparidae Acanthopagrus latus 0 0.2£0.2 0 0
Terapontidae Terapon jarbua 0 1.4£1.0 0 0
Paralichthyidae Paralichthys olivaceus 0 0.4£0.4 0.4£0.4 0
Mean number of species 1.2£0.4 1.2£0.4 1.4%0.2  0.2£0.2
Mean number of individuals 2.6+0.7 2.4%0.9 2.6+£0.5 0.2%£0.2

prey behavior and vulnerability may vary sub-
stantially among those habitats, leading to
meaningless interpretations. In spite of this,
the potential for significant interactions was
minimal in the present study. The dominant
habitat characteristic in each of the three ex-
perimental beach sites was the featureless
sandy bottom, and the predator assemblage
composition was similar among the sites (Ta-
ble 2). We consider, therefore, that tethering in
this study was a valid approach for quantify-
ing relative predation pressures at the different
beach sites.

In the control trials, none of the prey fish
broke free from their tethers, demonstrating
that consumption by predators most likely ac-
counted for all prey missing from the experi-
mental sites.

The results provided little evidence that the
survival rate of juvenile Sillago japonica in the
runnel on the intermediate beach was signifi-
cantly lower than those on the reflective and
dissipative beaches. Furthermore, no signifi-
cant differences in the species and individual
densities of piscivorous fishes were apparent
among the three beach types, suggesting that
the similar survival rates among the beach
types reflected the similar densities of
piscivorous fishes at each (ARONSON, 1989;
KNEIB and SCHEELE, 2000; NILSSON, 2001).

Although the tethering experiment was not
conducted at the deeper offshore site on the in-
termediate beach, the species and individual
numbers of piscivorous fishes were signifi-
cantly lower at that site than at the runnel site,
evidence contrary to the hypothesis that

runnels serve as refuges from predation for
small juvenile fishes due to the low abundance
of piscivores and hence reduced predation mor-
tality, compared with adjacent deeper areas
(LAYMAN, 2000; HARVEY, 1998). Furthermore,
many piscivorous fishes may be able to move
over shallow ridges into runnels and remain
there during the ebb tide to feed. Some recent
studies have similarly suggested that shallow
estuarine sandy habitats in tropical Australia
do not provide juvenile fishes with the level of
protection from predators as previously as-
sumed (ROUNTREE and ABLE, 1997; BAKER and
SHEAVES, 2006, 2007), although opposite find-
ings have been reported from studies of tem-
perate shallow sandy beaches in Scotland and
North America (LINEHAN et al., 2001; GIBSON et
al., 2002; MANDERSON et al., 2004). This indi-
cates that the relative importance of shallow
sandy habitats, including runnels, as predator
refuges may vary among geographical loca-
tions. Further studies are therefore required to
determine whether or not runnel habitats in
other locations serve as refuges.

In this study, S. japonica was used as prey in
tethering experiments. However, the escape be-
havior of tethered fish from predators may
vary among fish species, resulting in different
predation pressure among fishes. Further teth-
ering experiments using other species are
therefore necessary to understand the
predation pressure for fishes on sandy beaches.
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Domoic acid in small-sized plankton in Nha Phu Bay,
Khanh Hoa Province, Vietnam

DAO Viet Ha"*, Yoshinobu TAKATA”, Takuo OMURA”, NGUYEN Tien Dung”,
NGUYEN Thu Hong”, Shigeru SATO”, Yasuwo FUKUYO” and Masaaki KODAMA?

Abstract: Recently, we observed that a significant level of domoic acid was detected in the
plankton net samples (mesh size 20 £ m) when a bivalve Spondylus versicolor accumulated
high amount of domoic acid in Nha Phu Bay, Khanh Hoa Province, Vietnam. In order to know
the domoic acid-producing plankton species in the bay, plankton cells in the plankton net sam-
ple were fractionated by successive filtration through sieves with different mesh sizes (100, 20,
10, 0.6 «m). More than 90% of domoic acid in the net sample was detected in the small-sized
cell fraction which passed through 10 #m sieve. About 7% of total cells of phytoplankton was
trapped in the fraction, around half of which was consisted of species belonging to Nitzschia
and Pseudo-nitzschia. These results suggest that small-sized plankton species which is hardly
collected by normal plankton net are involved in accumulation of domoic acid of tropical bi-

valves.

Keywords: Domoic acid, Pseudo-nitzschia, Nitzschia, Vietnam

1. Introduction

Domoic acid is an excitatory amino acid re-
sponsible for amnesic shellfish poisoning
(ASP) which was first found in Prince Edward
Island, Canada in 1987 (BATES et al, 1989).
Since the incident in Canada, accumulation of
domoic acid in bivalve was reported from sev-
eral areas in the world (AmMZIL et al., 2001 :
HoNER and PosTEL, 1993). However, these ar-
eas are limited in temperate waters. There is
few knowledge on domoic acid accumulation in
bivalves in tropical waters. Recently, we ob-
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served that a significant level of domoic acid
was detected in the plankton net samples (mesh
size 20 . m) when a bivalve Spondylus versicolor
accumulated high amount of domoic acid in
Nha Phu Bay, Khanh Hoa Province, Vietnam
(DAO et al., 2009). These findings indicate that
domoic acid-producing plankton species occur
in the bay during the period when domoic acid
level of S. versicolor is increasing. We report
here that small-sized plankton species which
are hardly trapped by plankton net with 20
m mesh size are possibly involved in accumula-
tion of domoic acid of S. versicolor in Vietnam-
ese water.

2. Materials and Methods
2.1 Sample collection

Specimens of S. versicolor were collected by
diving in Nha Phu Bay, Khanh Hoa Province,
Vietnam biweekly from March to April, 2007.
When domoic acid level of S. versicolor started
to increase, sampling frequency was increased
to twice a week. Plankton samples were col-
lected by repeated vertical net hauling (0-2 m
depth, 20 times) using a plankton net (mesh
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size : 20 um, diameter : 30 cm) from the bay
when bivalves were sampled. On April 17, two
sets of plankton samples were collected.

2.2 Analysis of domoic acid in S. versicolor
and plankton samples

The soft tissue of 5 specimens was homoge-
nized individually with 4 volumes of 50%
methanol and centrifuged (1,000 g, 20 min) to
obtain the extract according to QUILLIAM et al.,
(1989). One mL of the crude extract thus ob-
tained is equivalent to 0.2 g of the soft tissue.
After wultrafiltration through a membrane
(NMWL 5,000, Millipore), the extract was ana-
lyzed for domoic acid by HPLC according to
Kobama and Koraxr (2005).

The plankton samples collected by the net
hauling were further condensed by centrifuga-
tion (1,000 g, 15 min). Cell pellets were ex-
tracted with equal volume of water under
boiling water for 5 min. After centrifugation,
domoic acid in the supernatant was analyzed
by HPLC as described above. Domoic acid level
of the plankton samples was expressed as ng
L™ of seawater.

Plankton cells in one plankton sample out of
two samples collected on April 17 were frac-
tionated to four subsamples with different cell
sizes. The plankton net sample on April 17 was
successively filtered through sieves with open-
ing size of 200, 100, 10, and 0.6 g m. Cells on
each sieve were washed with filtered seawater
though GF/F filter (Whatman). For this proc-
ess, plankton net cloth with opening size of 200,
100, and 10 #m and GF/F filter with opening
size of 0.6 £ m were used as sieves. A portion
(1/10 to 1/20) of each fraction was fixed with
formalin for the quantitative observation of
phytoplankton species under a light micro-
scope. The rest of plankton cells in larger than
200 #m, 100-200 #m and 10-100 g« m fractions
were centrifuged (1,000 g, 15 min) to obtain the
cell pellets. Domoic acid in these pellets was ex-
tracted with equal volume of water under heat-
ing for 5 min. After centrifugation (1,000 g, 15
min), the supernatant was analyzed for domoic
acid by HPLC as described above. Cells in the
0.6-10 ¢ m fraction were harvested by filtra-
tion through GF/F filter (Whatman). The
plankton cells in the 0.6-10 g m fraction

retained on the filter were extracted together
with the filter by 5 mL of water under heating
for 5 min. After heating, the tube was centri-
fuged (1,000 g, 15 min) to obtain the extract.
The supernatant was then ultrafiltered
through a membrane (NMWL 5,000, Milli-
pore), and then analyzed for domoic acid by
HPLC as described above.

The minimum detectable concentration of
domoic acid in the test solution required for
S/N=3 at 20 p L injection was 9 ng mL™" in
HPLC applied in the present study. However, it
is affected by chemical background which can
vary between samples. In the present study, 90
ng mL™" of the test solution was applied as
practical quantitation limit at 20 « L injection.

3. Results and Discussion

Domoic acid level in S. versicolor increased
from 8 = 2 pg g (March 29) to 11 £ 3 ug
g~ (April 13), and then to 17 = 9 ug g
(April 17), showing that domoic acid in S.
versicolor was increasing during this period.
These findings indicate that domoic acid-
producing plankton occur in the environmental
water during the period.

In the analysis of the plankton sample of
March 29, no domoic acid was detected. The
sample on April 13 showed a low level of
domoic acid in HPLC analysis (0.2 ng L™ of
seawater), showing that the domoic acid-
producing plankton species were increasing.
However, no domoic acid was detected in the
sample on April 17, the cells of which were col-
lected by centrifugation. These results indi-
cated that domoic acid-producing plankton
appeared and showed maximum growth on
April 13, and decreased or disappeared on April
17.

In contrast, a significant amount of domoic
acid was detected in the 0.6-10 g m fraction of
the plankton net sample on April 17 as shown
in Fig. 1. A small amount of domoic acid was
also detected in the 10-100 g m fraction. In Ta-
ble 1, the results of domoic acid analysis of all
the particle fractions are summarized. The 0.06
and 0.6 ng L™ 'concentrations of domoic acid
were found to be contained in the 10-100 g#m
and the 0.6-10 x m fractions, respectively.
These results indicate that most of the
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Fig. 1. HPLC chromatogram of domoic acid in the 0.6-10 £ m fraction sample.
(a) Domoic acid standard (1« mL™) ; (b) 0.6-10 x#m fraction sample.

Table 1. Domoic acid level in the different-sized fractions of the plankton net sample.

Particle size fraction

Volume of the extract (mL)

Level of domoic acid (ng L™

>200 xm 1.2%
100-200 ¢#m 0.5%
10-100 gm 0.6%
0.6-10 um 5.0*

<0.04

<0.02
0.06
0.6

*! Plankton cells harvested by centrifugation were extracted with equal volume of water.
* Plankton cells harvested by filtration through GF/F filter were extracted with 5 mL of water.

plankton species containing domoic acid were
trapped in the 0.6-10 ¢ m fraction. In other
words, the size of the toxic plankton species
was small enough to pass through the sieve
with 10 zm pore.

These results show that most of domoic acid-
producing plankton cells can not be collected by
hauling nets with mesh size of 20 ym. Only a
small number of the cells could be collected
probably due to the clogging of plankton net
caused by repeated hauling. In the present sur-
vey, domoic acid was not detected in most of
the plankton net samples while domoic acid
level of S. versicolor was increasing. Possibly,
the degree of clogging depends on the abun-
dance and cell size of other plankton species in
the seawater. The plankton cells of the sample
on April 17 harvested by centrifugation showed
no toxin, while those collected from the same
sample by GF/F filter showed a significant
level of toxin. These finding suggest that cen-
trifugation process applied in the present study

was not effective in separating small-sized
domoic acid-producing plankton from other
cells in the sample.

Since P. multiseries was identified as a
causative species of amnesic shellfish poisoning
(ASP) in Prince Edward Island, Canada
(BATES et al., 1989), several species of Pseudo-
nitzschia have been reported to produce domoic
acid (BATES, 2000 ; BATES and TRAINER, 2006).
Pseudo-nitzschia species are cosmopolitan spe-
cies and often observed in plankton samples in
tropical waters. However, little is known on the
production of domoic acid of these species in
tropical waters. On the other hand, a benthic
diatom species Nitzschia navis-varingica 1so-
lated from Vietnamese water has been found to
produce domoic acid (KoTAKI et al., 2000 ;
LunNpHOLM and MOESTRUP, 2000).

Table 2 shows the composition of Pseudo-
nitzschia spp. and Nitzschia spp. In each size
fraction. Cells belonging to both genera were
observed in all the fractions. However, they are



120 La mer 46, 2009

Table 2. Cell number of total plankton, Pseudo-nitzschia and Nitzschia species in the different-sized fractions

of the plankton net sample.

. . . Cell density of total Cell dgnsfey.of Cell density of Nitzschia spp.
Particle size fraction 2 Pseudo-nitzschia spp. -
plankton (cells L™ i (cells L™
(cells L™
>200 #m 1798 71 71
100-200 gm 1335 149 7
10-100 zm 1451 170 71
0.6-10 zm 354 71 131

dominant in the 0.6-10 g m fraction in which
most of domoic acid was concentrated, though
at least 15 species of phytoplankton mostly
consisting of small-sized diatom species were
observed in the fraction (data not shown).
These strongly suggest that small sized species
belonging  to  Pseudo-nitzschia  and/or
Nitzschia observed in the 0.6-10 g m fraction
are causative for domoic acid production in the
bay. Studies on domoic acid production of
small-sized plankton species, especially focused
on the species of Pseudo-nitzschia and
Nitzschia, 1s required to identify the species
causative for domoic acid accumulation of S.
versicolor in the bay.
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Seasonal changes of fish fauna at the Keihin-jima artificial tidal flat
in the inner Tokyo Bay, with special reference to the necessity
of long-term biological monitoring
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Abstract : Monthly seine-net samplings were carried out from May 2006 to April 2007 at the
Keihin—jima artificial tidal flat near a new runway construction site of Haneda International
Airport in the inner Tokyo Bay, and the results were compared with those obtained from the
same sampling site from March 1994 to February 1995. A total of 9,067 fish specimens repre-
senting > 35 species of 18 families were collected. Comparisons between the present and past
results show such similar and different characteristics as follows: similarities — 1) species and
individual numbers increase from late winter to early summer, 2) gobiids occur abundantly for
a long time, 3) various marine species occur in summer; differences — 1) the gobiid occurrence
peak is April vs May in the present and past studies, 2) the composition of the summer marine
species is different, summer-occurrence species observed solely in the present study being
Sillago japonica, Omobranchus fasciolatoceps, etc. and those in the past one Chelon macrolepis,
Rhyncopelates oxyrhynchus, etc. These results would suggest an importance of continuous,
long—term biological monitoring not only for checking changes of environmental condition
caused by the runway construction but for accumulating information about environmental

preservation in the inner Tokyo Bay.

Keywords : Tokyo Bay, tidal flat, fish fauna, juveniles
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Table 1. Fishes collected at the Keihin-jima tidal flat in the inner Tokyo Bay from May 2006 to April 2007

Number of  Standard  Develop. Life-history Life-style
individuals length (mm)  stage category  category MCO/MO

Clupeidae

Sardinella zunasi 3172 7.8-18.7 L-J 2 M T 2/2

Konosirus punctatus ol 8.4-13.8 L-J 10 M T 1/2
Engraulidae

Engraulis japonicus 1 31.2 J M P&S 1/1
Cyprinidae

Tribolodon brandti 1 85.0 Y An P&S 1/1
Plecoglossidae

Plecoglossus altivelis altivelis 173 8.5-46.0 L-J 8 Am T 4/6
Mugilidae

Mugil cephalus cephalus 279 20.8-39.5  J-Y b) M T 5/9
Atherinidae

Hypoatherina valenciennet 101 9.4-23.5 L-J 9 M T 2/2
Platycephalidae

Platycephalus sp. 2 4 94-10.8,594 J-Y M T 2/2
Moronidae

Lateolabrax japonicus 39 13.3-59.6 J-Y 14 M T 5/5
Leiognathidae

Letognathus nuchalis 1 17.5 J M P&S 1/1
Sparidae

Acanthopagrus latus 1 17.4 J M P&S 1/1
Sillaginidae

Sillago japonica 4 12.0-18.0 J M P&S 1/1
Teraponidae

Terapon jarbua 3 14.8-31.8 Y M P&S 1/2
Stichaeidae

Dictyosoma burgert 50 7.2-18.7 L-J 11 M T 2/2
Blenniidae

Omobranchus fasciolatoceps 2 7.5-8.9 L M P&S 1/1

Omobranchus sp. 1 7.2 L M P&S 1/1
Callionymidae

Repomucenus valenciennet 3 47.3-56.6 Y M P&S 2/2
Gobiidae

Luciogobius guttatus 42 5.4-17.1  L-Y 13 E T 3/3

Chaenogobius gulosus 207 4.2-11.8 L-J 7 M T 3/3

Gymnogobius breunigii 647 5.2-53.2 L-A 3 E R 6/6

G. heptacanthus 3 30.8-36.0 Y E P&S 2/2

G. macrognathos 33 85444 L-A 15 E R 3/3

G. urotaenia 24 6.0-29.3 L-Y Am T 5/5

G. sp. 1 7.3 L Am P&S 1/1

Acanthogobius flavimanus 3443 10.6-74.7  L-A 1 E R 6/6

A. lactipes 416 7.7-49.7  L-A 4 E R 6/7

Pseudogobius masago 4 10.8-17.1  J-Y E T 1/2

Favonigobius gymnauchen 243 14.7-55.1  Y-A 6 E T 6/10

Redigobius bikolanus 2 5.3-5.4 J E P&S 1/1

Acentrogobius pflaumit 4 23.0-409 Y-A E T 1/1

Tridentiger obscurus 1 40.8 Y E P&S 1/1

T. spp. 50 4.6-10.5 L-J 11 - T 2/2

Gobiidae spp. 31 3.8-6.9 L - P&S 1/3
Pleuronectidae

Kareius bicoloratus 23 10.8-63.1  L-Y M T 4/4
Triacanthidae

Triacanthus biaculeatus 7 14.8-28.8 Y M P&S 1/1

Developmental stage: A, adult; J, juvenile; L, larva; Y, young.
Life-history category: Am, amphidromous fish: An, anadromous fish: E, estuarine fish: M, marine fish.

Life-style category: P&S, passersby and strays: R, resident: T, transient.
MCO, months of continuous occurrence: MO, months of occurrence.
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Fig. 3. Monthly changes of species and individual numbers of fishes collected at the Keihin-jima tidal flat in the
inner Tokyo Bay from May 2006 to April 2007. The number of individuals is expressed by (number + 1).
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Fig. 4. Species and individual numbers of fishes col-
lected at the Keihin-jima tidal flat in the in-
ner Tokyo Bay from May 2006 to April
2007, shown by the life-style category such
as resident (occurring from larval/juvenile
to adult developmental stages), transient
(multiple stages being found, but no adult
occurring) and passersby and strays (one
developmental stage or discontinuous multi-
ple stages occurring) and by the life-history
category such as marine (M), estuarine (E),
amphidromous (Am) and anadromous
(An) fishes. The number of individuals is
expressed by (number + 1).
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Fig. 5. Monthly changes of species and individual numbers of fishes collected at the Keihin-jima tidal flat in the
inner Tokyo Bay from May 2006 to April 2007, shown by the life-history category. For the life-history
category, see Fig. 4. The number of individuals is expressed by (number + 1).
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Fig. 6. Monthly changes of species and individual numbers of fishes collected at the Keihin-jima tidal flat in the
inner Tokyo Bay from May 2006 to April 2007, shown by the life-style category. For the life-style cate-
gory, see Fig. 4. The number of individuals is expressed by (number + 1).
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Fig. 7. Jaccard’s community coefficient between consecutive months for the fishes collected at the Keihin-jima
tidal flat in the inner Tokyo Bay from May 2006 to April 2007.
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Table 3. Four dominant species of fishes collected at the Keihinj-jima, Shinhama-ko Lagoon, Obitsu-gawa River
and Kasai tidal flats in the inner Tokyo Bay, shown by sampling years, with several characteristics of

each study site

Sites Keihin-jima Shinhama-ko L. Obitsu-gawa R. Kasai
Sampling years 1994-1995' 2006-2007* 1997-1998° 2004 1997-1998°  2005-2006° 2000-20017
Environmental conditions

Location of tidal flat* a a b b c c a
Artificial (A) or natural (N) tidal flat A A A A N N A
Mean salinity (SD) 16.3 (5.5) 15.2 (4.2) 243 (5.5) 274 (1.8) 21.0(5.8) 131 (7.1) 24.7 (5.5
Total no. of individuals/25m tow 300.1 188.9 563.8 814.7 198.8 238.9 1117.3
Total no. of species 35 35 20 35 32 25 31
Mean monthly no. of species (SD) 74 3.1 8200 49@8 107 4.2 10.7 (5.4 6.8 (2.7 7.5 (3.2)
Species diversity (H") 1.865 1.724 0.910 1.409 2.051 2.238 1.905
Evenness (J") 0.525 0.485 0.304 0.396 0.592 0.695 0.555
Acanthogobius flavimanus 3 1 1 2 1 4 2
Sardinella zunasi + 2 + + — + +
Gymnogobius breunigii 2 3 3 4 4 1 4
Acanthogobius lactipes + 4 + + + + +
Mugil cephalus cephalus + + 4 + + — +
Gymnogobius macrognathos 1 + 2 1 + + 1
Gymnogobius heptacanthus 4 + + 3 + + +
Lateolabrax japonicus + + + + 2 2 +
Favonigobius gymnauchen + + — + 3 + +
Gymnogobius uchidai — — — + 3 —
Plecoglossus altivelis altivelis — + — — + +

1 Nasu et al. (1996), 2 Present study, 3 Kanou et al. (2000), 4 Konno et al. (2008), 5 Kanou et al. (2000), 6 YAaMAMOTO

(2007), 7 KuwaBara et al. (2003).
* a,outside river mouth ; b, lagoon ; ¢, inside river.

H', Shannon-Wienner's index of species diversity ; /', Pielou's evenness.

+, < fourth ; —, not collected.

LashTwsd ETS, 2005, HEHEERSERH KRR
HB(2006) 1Tk B &, *F T 1997 HEE TOIFIF
& 2001 4F, 200541, + v aw K513 2001 FF Tl
BEBERESNTOUEN, TOREIHELTLEL,
S SITHNBO/NMENT IS, 20000 RFrdH (EH
5, 1980), ZEENIEI (%5, 1994) & TH, X
FEHDBNEF Y RTH 1998 4L SV E TIIERE
SNTVER, ThIBFEHELTVRY (EES,
2003; 1LHR 5, 2004),

4.3 FEREREOMOME & D

ITR, HEEONEICE T 3SR BFHEAHED
HMAEX ST B0, HiEE JBES,
1996: FHAAEE 1994~1995 4F; AWFZE: 2006~2007 4F)
E T (i &, 2000: 1997~1998 4E; 7% &, 2008:
2004 4F), /NENT il &, 2000: 1997 4E; (LA, 2007:
2005~2006 4F), B OEmAT#EREERE FHS, 2003
: 2000~2001 £5) O HEE AT - 720 Friilid koW
Feiicd o, NMENNZEITE S 55 500m @)1z A - 7
W, BPEA TG HARD R TH 5 =l
i L i e T, JikEb A ALofiETETH 2
D3PI 22 o AN A7 LT B 0 BREUS IS #E il L
TV (Table 8), EEOFHLWAHTIEL TV WL

N, WENLWIRIETH 2 LHMEh 3, HY R
5B EMBITTRRE WV EHEAD & - 7o

HE L 2B RRETRbE < G5 ), ROTH
il (0FEE 357, /MBI (25 FEE 32 /), BIHA
T (311) Dllicd -7z (Table 3), HIEETIZH
TIEIC L BB -2 bDD, FEE<TEEm, /I
TR Ulce —7, BAE IR EmEALE Tk
b2 UMb LT HEE, kOcHi (564 ¢
815 ), miieks (189 « 300 fE{A), /IME/IT (199 « 239
EE) DIETH - 7o BFEZLLTE, FEETHDL
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Fig. 8. Pielou’s evenness index /' for fishes collected at the Keihin-jima, Shinhama-ko Lagoon, Obitsu-gawa
River and Kasai tidal flats in the inner Tokyo Bay, shown by sampling years.
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Fig. 9. Relationships between accumulated percentages of individual numbers and species rank of fishes col-
lected at the Keihin-jima, Shinhama-ko Lagoon, Obitsu-gawa River and Kasai tidal flats in the inner
Tokyo Bay, shown by sampling years. For references shown by numerals with semi-parentheses, see
Table 3. Arrows with letters a-g indicate the number of species in each sampling.
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Table 4. Comparisons of species diversities represented by the percentage of first ranked species, species rank
over 80% and 95% and species number of fishes collected at the Keihin-jima, Shinhama-ko Lagoon,
Obitsu-gawa River and Kasai tidal flats in the inner Tokyo Bay, shown by sampling years

Percentage  of

Rank of species  Rank of species

Place Study year 1st rar}ked over 80% over 95% No. of species
species
Keihin 1994-1995" 30.7 4 7 35
erhmn-jima 2006-2007? 38.0 3 9 35
. 1997-1998” 7.5 9 3 20
Shinhama-ko L. 2004 41.0 3 4 35
. 1997-1998” 39.7 5 10 39
Obitsu-gawa R. 9505 9060 94.2 6 11 %5
Kasai 2000-2001” 41.0 5 7 31

1) Nasu et al. (1996), 2) Present study, 3) Kanou et al. (2000), 4) Kohno et al. (2008), 5) Kanou et al. (2000),

6) Yamamoto (2007), 7) Kuwabara et al. (2003).
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Seasonal variation of the oceanic state in the sea near Nemuro, Hokkaido

Yutaka NAGATA

Abstract : Seasonal variation of the oceanic state in the sea near Nemuro, Hokkaido was inves-
tigated by using the data set MODS2000 compiled by the Marine Information Research Center.
Number of observational data is very small, especially in winter season. However, reasonable
seasonal variations of temperature and salinity were obtained for several sub-regions of 30°
square, because deviations of temperature and salinity are significantly small in winter season.
Water temperature tends to decrease with depth in the period from May to October, while
tends to increase in the period from January to March. Salinity has a tendency to increase with
depth in the period from January to October (the data numbers in November and December are
too small to get any conclusion). Month of the maximum temperature tends to shift later with
depth. Both of temperature and salinity tends to increase as analyzed sub—domain moves east-
ward. Month of the maximum temperature shifts later as analyzed sub-domain moves east-
ward.

Keywords : the sea around Nemuro City, seasonal variation of sea state, historical data, sta-
tistics of temperature and salinity
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Fig. 1. The analyzed area in this paper. The area is di-
vided into sub-domains of 30° square Alpha-
bets A, B, and C attached on the left side of sub
—domains and Roman numbers. I through V
show sub—domain names such as Al, BII and so
on. Routine observation stations by the Hok-
kaido Fisheries Experiment Station (open cir-
cles indicate those covered by the Hokkaido
Kushiro Fisheries Experiment Station) after
1990 are also shown in this figure.
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Table 1. Number of observation in sub-domein AIl for each month and for each decade (30, 40 and so on indicate
the decade from 1930 to 1939, that from 1940 to 1949 and so on).

30 40 50 60 70 80 90 Total
January 4 1 0 0 1 0 0 6
February b) 1 b) 2 12 8 0 33
March 4 0 5 0 0 36 0 45
April 0 1 0 1 6 18 5 31
May 0 5 3 4 0 33 7 bYA
June 0 2 2 0 0 33 10 47
July 2 3 0 9 6 34 2 56
August 5 3 8 14 25 36 2 93
September 6 2 ) 2 12 72 12 111
October 0 1 0 3 7 53 0 64
November 2 2 3 0 4 0 13
December 0 0 0 0 2 0 2
Total 28 21 31 37 69 329 38 553
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Fig. 2. Seasonal variations of temperature (upper fig-
ure: ‘C) and salinity (lower figure) in Om
depth of sub-domain AI. Mean (m), maximum
(max), minimum (min), and m+3¢ and m—
30 (o is the standard variation) are shown.
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Fig. 3. Same as in Fig. 2 except for of sub-domain AII.
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Fig. 4. Seasonal temperature variations (in °C) at vari-
able standard depths in sub-domain AII. Identi-
fication of each standard depth is shown in
right side of the figure.
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Fig. 5. Seasonal variations of vertical temperature pro-
files in sub—domain AII: profiles in January
through April are shown in upper figure, those
in May through August in middle figure and
those from September to December in lower fig-
ure, respectively.
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Fig. 6. Same as in Fig. 4 except for salinity variations.
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