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Abstract — In Tokyo Bay, the harvestable quantity of asari (Manila) clams Ruditapes philippinarum has
been decreasing since the late 1990s. We conducted a field investigation on clam density in the Banzu culture
area from April 1988 to December 2014 and collected records spanning January 1986 to September 2017
from relevant fisheries cooperative associations to clarify the relationship between the temporal variation in
stock abundance and the production activities of fishermen. The yearly variation in clam abundance over the
study period was marked by larger decreases in the numbers of larger clams. A large quantity of juvenile
clams, beyond the biological productivity of the culture area, may have been introduced as seed stock in the
late 1980s despite the high level of harvestable stock. The declines in harvested quantity began in the late
1990s and may have been caused by decreases in harvestable stock despite the continuous addition of seed
stock clams. The harvested quantity is likely to be significantly dependent upon the wild clam population,
even within the culture area, as the harvestable quantity was not correlated with the quantity of seed stock
introduced during the study period. These declines in harvested quantity may have resulted from a
decreasing number of operating harvesters due to the low level of harvestable stock and consequently
reduced profitability. Two findings were emphasized. A certain management style, based on predictions of
the contributions of wild and introduced clams to future stock biomass, is essential for economically-
feasible culturing. In areas with less harvestable stock, actions should be taken to maintain the incomes of

harvesters while avoiding overexploitation, even if the total harvest quantity decreases.
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1 Introduction

The asari (Manila) clam (Ruditapes philippinarum) is a
bivalve native to the western coast of the temperate Pacific,
including the Primorsky Krai, Korean Peninsula, China, and
Japan (Ponurovsky and Yakovlev, 1992). The species was
unintentionally introduced to the Pacific coast of North
America via oyster seeds in the 1930s (Chew, 1989) and
was then intentionally introduced to the Atlantic and
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Mediterranean coasts of Europe for aquaculture (Goullet-
quer, 1997). The asari clam has become naturalized in many
of these introduced areas and has developed into an
economically important bivalve species for local fisheries
and aquaculture (Chew, 1989; Pellizzato and Da Ros, 2005;
Juanes et al., 2012; de Montaudouin et al., 2016; Moura
et al., 2017).

Culture production using seed clams (artificially reared or
natural juvenile clams introduced from outside of the culture
area to enhance clam stocks) is performed widely in areas of
the native (Chung et al., 2001; Toba, 2004; Kamohara et al.,
2014; Fang and Lin, 2016) and non-native ranges in which a
commercially exploitable stock is established (Cigarria and
Fernandez, 2000; Campos and Cachola, 2005; Becker et al.,
2008; Juanes et al., 2012; Robert et al., 2013; Humphreys et al.,
2015; Bartoli et al., 2016; de Montaudouin et al., 2016; Ponti
et al., 2017; Suhrbier et al., 2017).
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The production of asari clams has fluctuated and decreased
recently in both the clam’s native and exotic ranges (FAO,
2018a, b). Factors suspected to be responsible for these
decreases in clam stock include overexploitation (Ren et al.,
2008; Hamaguchi, 2011; Brusa et al., 2013), bacterial and
parasitic diseases (Paillard et al., 1994; Park et al., 1999;
Kobayashi and Toba, 2014), predation (Chew, 1989; Toba
et al., 2020), hydrodynamic erosion of benthic clams (Toba
et al., 2016; Tezuka et al, 2012), and anthropogenic
deterioration of habitats (Bartoli et al., 2016).

Previous studies on this decrease in asari clam production
have mainly focused on the variation in stock abundance and
the ecological and environmental processes involved (Bartoli
et al., 2001; Park and Choi, 2001; Tsutsumi, 2005; Tamaki
et al., 2007; Tezuka et al., 2012; Toba et al., 2020). Generally,
clam production depends on the abundance of stock biomass
and the pressure from harvesting efforts (Mizuno et al., 2009;
Sladonja et al., 2011; Tezuka et al., 2012). In culture
production areas that depend on seed clams in addition to
wild clams occurred in the culture area, the management of
seed introduction (size and quantity of seed clams, and season
of introduction) and harvesting effort may significantly
influence production. Some studies have highlighted the
importance of managing and monitoring fishing activity
(Pellizzato and Da Ros, 2005; Canu et al., 2011; Ponti et al.,
2017; Clarke et al., 2019), which aim to establish ecologically
and economically feasible fisheries/culture production areas
for asari clams. However, few studies have focused on the
relationships among clam stocks, seed stock introduction, and
harvesting effort in asari clam culture areas using long-term
data on real-world culturing activities.

In Tokyo Bay, the annual production of asari clams was
50007000 metric tonnes (mt) from the late 1980s to the 1990s
(Toba et al., 2016). Production began to decrease in the late
1990s (<2000 mt in 2007), and an additional sharp decline
caused by sea spider infestation (Tomiyama et al., 2016;
Yamada et al., 2018) lowered production to <200 mt after
2008. In Banzu, which is one of the major asari clam
production areas in Tokyo Bay, culture production using seed
clams has been implemented since at least the late 1970s
(Toba, 2017).

The objective of the present study was to clarify the
relationships among temporal variation in stock abundance,
seed introduction, and harvesting in the asari clam culture area
of Tokyo Bay. In order to analyze clam production in Banzu,
we investigated the spatial density of asari clams in pre-
determined sites, and documents describing culture practices
from the 1980s to the 2010s were collected from the relevant
FCAs. The present study provides information on the actual
structure and production activities of asari clam culture areas
within the native range. The influence of variation in clam
stock and culture practices on the harvestable quantity is
discussed, and the findings have the potential to be used in the
management of asari clam culture areas.

2 Materials and methods
2.1 Study area

The study area was Banzu, which is on the east coast of
Tokyo Bay (35°23'-28'N, 139°53'-57" E) (Fig. 1). Banzu is a

tidal area (12 x 1.0-1.5km) that includes the Obitsu river
estuary. The bottom height of the tidal area extends to+0 to
+1.8 m (mean low water level in spring tide =+0 m), and tidal
amplitude ranges between 1.8 and 0.6 m in spring and neap
tide, respectively. The surface substrate of the tidal area
consists of fine-coarse sand containing <5% of silt and clay.
Annual water temperature and salinity vary at 8-27°C and
20-30 psu, respectively (Chiba Prefectural Fisheries Research
Center, 2019).

In Banzu, six FCAs use tidal and shallow areas for clam
harvest under authorized licenses (Fig. 1). Licensed areas are
divided spatially and assigned individually to each FCA. The
areas are separated into fishery (1097 ha), culture (345), and
leisure harvesting (232) areas. In the culture areas, clams
originated from introduced seed are harvested together with
wild clams.

2.2 Investigation of clam abundance

To obtain the temporal variation of clam density in the
culture area, quantitative sampling of clams was conducted
at 51 sites bimonthly (in even number months) from April
1988 to December 2014 (Fig. 1). Clams were collected using
harvesting gear, short-handled basket rake (50 cm width of
mouth, 2 mm X 2 mm mesh screen). By dredging this gear
for >2 m on the bottom surface, clams were collected at a
sand depth of ca. 10 cm. Sample collection was performed
once per station per sampling event. All collected material,
including clams, were weighed, and 1-kg portions were
subsampled to enumerate clams. The entire collected
material was used as a subsample when its total weight
was <1.0kg. The clams in the subsampled material were
separated into seven groups according to size. For this,
sieves with mesh sizes of 2.0, 3.6, 5.0, 10.0, 14.0, 18.0, and
21.0 mm, which retained clams with shell length larger than
approximately 4, 7, 11, 16, 23, 27, and 30 mm, respectively,
were used. Hereafter, the seven size groups of clams are
referred to as D1-D7.

The number of size-separated clams were counted, then the
spatial density of the clams (Di, ind. m~?) in D1-D7 was
calculated using equation (1):

Di = Ni(T/S)[1/(WL)] (1)

where Ni is the number of clams retained by the sieve, T is the
total weight of retained material, S is the weight of the
subsampled material, W is the mouth width of the collection
gear (=50 cm), and L is the dredged distance of the gear.

2.3 Collection of records in the clam culture
operation

Monthly data for the weight quantities of harvested and
seeded clams (hereafter, weight of quantity is referred simply
as quantity), the value of seeded clams, and the number of
fishermen working in the culture areas from January 1986 to
September 2017 were obtained from operation records in six
FCAs. The number of operating fishermen was recorded from
1992 on. All records from 2004 were excluded from the
analysis because of a major lack of data.
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Fig. 1. Map of the Banzu tidal area. The licensed areas are spatially divided into three areas: culture area, where clams are restocked with
transplanted seed clams; leisure harvested area, which are open seasonally to non-professional fisherman that pay a harvest charge; fishery
area (the rest of the area), for harvest of wild clams. Spatial density of the clams was monitored in 51 sites (filled circle) in the culture area in
1988-2014. Numerals on the chart indicate water depth (m) during the mean low water level of the spring tide.

2.4 Size of harvested and seeded clams

As determined by the Committee of Fisheries Regulation
in Chiba Prefecture, the minimum harvestable size of asari
clams is 28 mm in shell length. The FCAs further determined a
minimum harvestable size of >30-35mm, which changed
throughout the years (e.g. from >35 mm to >30 mm during the
study period; interview with FCA). Additionally, the shell
length of the seeded clams increased from 20-25mm to
>25mm during these decades (the same as above).

In the present study, therefore, we determined the size
of the harvestable and seeded clams as >27 mm (D6-D7) and
23-30 mm (D5-D6), respectively. With this, D6 included both
sizes of harvestable and seeded clams, whereas D1-D4
(<23 mm) consisted of wild clams occurring in the culture
area.

2.5 Analysis

We intended to assess the stock and culture operations
of asari clams in the entire Banzu culture area. Therefore,
the data regarding our field observations of each culture
area and the collected records regarding six FCAs were
combined. The spatial density of clams was averaged for 51

stations. The quantity of harvested and seeded clams and
number of operating harvester were summed for the six
FCAs.

Prior to the estimation of stock biomass in D6 and D7, the
body weights of the clam (wg, w7; g) for the median shell length
(ML)) in Dg (MLs 28.5mm) and D; (ML, 32.0 mm) were
calculated using equation (2), which is the length—weight
relationship obtained from the measurements of the collected
clams:

wi = 107*M L% (2)

Stock biomass of harvestable-sized clams (s, mt) in the

Banzu culture area was calculated using equation (3):

s = Z(d@'we + dywr)a; (3)

where dg; and d;; are the averaged densities (ind. m2) of D6

and D7 in the culture area of FCA j, ws and w; are the body
weights, and g; is the area of culture plot (m?).

Capture per unit effort (CPUE) was calculated using
equation (4):

CPUE = H/E 4)
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where H is harvested quantity (mt), E is the summed number of
the persons operated harvesting.

Annual harvested ratio (f, harvested quantity/harvestable-
sized biomass) was the averaged value of the ratios obtained
from the bimonthly investigation of clam abundance:

[=/n)Y (He/si) (5)

where s is the harvestable biomass, and # is the annual number
of samplings (= 6).

As an index of contribution of seeded clams to harvest, the
contribution ratio () was calculated using equation (6):

r=H/A (6)

where 4 is the quantity of seeded clams (mt).

To assess the contribution of harvestable stock biomass (s)
and number of operating harvester (E) to the harvested quantity
of clams (H), multiple regression analysis was carried out; as
criterion variable was H, and explanatory variables were s
and E.

The R software 1386.3.6.2 (R Core Team, 2019) was used
for statistical analysis.

3 Results

3.1 Abundance of clams

Temporal variation in the annual mean density of the clams
monitored in the field investigation was different among size
classes. The densities (ind. m™ ) of the small-sized clams in D1
and D2 was 20—40 from the late 1980s to mid-1990s, followed
by a continuous decrease from the late 1990s to early 2000s,
when it reached <5-10 (Fig. 2a). However, since the mid-
2000s, when the outbreak of sea spiders occurred, the mean
density in D1 and D2 increased to 10-30 and 30-60,
respectively. Slopes of the regression lines fitted to
the changes of standardized densities exhibited decreasing
(—0.033, p < 0.05) and stational (0.014, p > 0.05) trends in the
study period in D1 and D2, respectively (Fig. 2e).

The densities of D3 and D4 were of approximately
100200 from the late 1980s to mid-1990s (Fig. 2b).
Afterwards, these densities varied similarly to those of D1
and D2, with a decrease in the early 2000s followed by a
recovering period after the mid-2000s. Decreasing trends in
density were observed in both D4 and D3, with the decrease in
the former being a little larger than that in the latter (Fig. 2e).

The variations in density of D5 and D6 were different from
those of D1-D4 (Fig. 2c). The densities in D5 and D6
continuously decreased from 120-330 and 70—150 before the
early 1990s to 2040 and <5-20 after 2010, respectively,
without a subsequent recovery period. These large decreasing
trends were detected for both groups over the study period
(Fig. 2e).

Although the density in D7 varied largely, within 40—100,
until the mid-2000s without clear trends, a sharp decrease after
the outbreak of sea spiders led to a density of <5-20 after 2008
(Fig. 2d). The slope of the regression line was steeper in D7
than in D5 and D6 (Fig. 2e).

Decreasing variation trends were common in D1-D6 over
the study period, except after the mid-2000s. The difference
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Fig. 2. Variation in the spatial density of sampled clams in seven size
classes (D1-D7) divided by sieves of different mesh sizes (a—d), and
comparison of the gradients of regression lines fitted to the temporal
variations of standardized spatial density in the size classes (e¢). Lower
limits of the shell length in D1-D7 were approximately 4, 7, 11, 16,
23, 27, and 30 mm, respectively.

Page 4 of 11



M. Toba et al.: Aquat. Living Resour. 2020, 33, 14

S 4000 - 300 T
£ k-
7,3 c
€ 3000 - 250 £
£ =
S e
B 2000 Price L 200 8
a z
he) Q
: H_ﬂmw o3
=1 o
B 8
= 0 ‘ I 100 &
c 0 O N OO NS OO N <
- 00 OO O DO OO0 O O o o o

A OO OO OO O OO O O O o

™ " AN AN AN AN ANAN NN
w 3500
E 3000
(8]
= 2500
@ 1500
3 1000 y =-3.9x+1880
e 500 R2=0.22
E

0 100 200 300

Density of wild juveniles (ind. m2)

Fig. 3. Variations in quantity and unit price of seeded clams in the
culture area in 1988-2014 (a), and relationship between density of
wild juveniles and annual summed weight of seeded clams (b), which
could be divided into three periods: A) 1988-1990; B) 1991-2007;
and C) 2008-2014. Records of seeding in 2004 were unavailable.

found in D5 and D6 compared to D1-D4 represents the lack of
recovery in this period. In contrast, the variation in D7 was
different from those in D1-D6, in which only a small variation
was noted until the outbreak of sea spiders occurred.

3.2 Seeding, harvestable stock, and harvest

The quantity of seeded clams, after reaching 2500-3000 mt
in the late 1980s, gradually decreased to approximately 1000
mt in the mid-2000s (Fig. 3a). The sea spider infestation then
led it to 50-300 mt after 2008. With this, the purchase price
(venkg ') of seed clams increased from <200 in the late
1980s to >220 after 1990s (Fig. 3a).

The relationship between D4 (large wild clams) density
and quantity of seeded clams could be divided into three
periods: A) 1988-1990; B) 1991-2007; and C) 2008-2014
(Fig. 3b). In A, both wild large clams and seeded quantity were
abundant; in C, quantity of seeded clams decreased because of
the outbreak of sea spiders; and B was the period of decrease in
quantity of seeded clams between periods A and C. In period
B, seeded quantity seemed to be negatively correlated with D4
density (R*=0.22, p=0.18), which indicates that the
introduction of seed clams may have been controlled according
to the abundance of wild large clams in the culture area.

Stock biomass of harvestable clams (D6-D7) peaked
at 4400-5000 mt and 4000-4900 mt in 1990-1991 and
1998-2000, respectively (Fig. 4a). After these periods, the
stock decreased to 1500-3000 in the mid-2000s. Quantity of
harvested clams varied, peaking at 3200-3700 mt and 3000—
3700 mt in 1990-1992 and 1997-1999, respectively, which
was synchronized with the variation of harvestable stock

(Fig. 4b). Harvested quantity was correlated with stock
biomass of harvestable clams not only over the study period
(R*=0.71, p < 0.01), but also during the period before sea
spider infestation (1988-2007, R*=0.34, p < 0.05) (Fig. 4c).
No correlation between stock biomass of harvestable clams
and seeded quantity was found in 1988-2007 (R*=0.05,
p=0.35) (Fig. 4d).

3.3 Harvest effort and CPUE

The number of operating harvester (10 persons) continu-
ously decreased from 21-26 in the 1990s to 14—16 in the late
2000s (Fig. 5a). The number of operating harvester was
correlated with stock biomass of harvestable clams not
only over the study period (R*=0.74, p < 0.01), but also in
1992-2007 (R*= 0.31, p < 0.05) (Fig. 5b). This indicates that
the number of operating harvesters increased with harvestable
stock even in the period before sea spider infestation.

Generally, harvest is considered to be a function of
harvestable stock and harvest effort. As a result of multiple
regression analysis, the standard partial regression coefficients
for s and E were 0.15 (p=0.13) and 0.87 (<0.001) for
1992-2014 and 0.16 (0.30) and 0.86 (<0.001) for 1992-2007,
respectively (Tab. 1). This clearly shows that, in both periods,
the harvest depended more on the number of harvesters than on
the harvestable biomass. The number of operating harvester
was correlated with CPUE (R*=0.40, p < 0.05) in the period
before sea spider infestation (Fig. 5c).

3.4 Harvested and contribution ratios

In 1988-2003, the harvested ratio varied within 0.10-0.25
in accordance with the harvestable stock (R*=0.69, p < 0.01)
(Fig. 6a). This indicates that the harvested ratio increased with
decreasing harvestable stock.

The contribution ratio increased with the decreasing
quantity of seeded clams in 1986-2007 (R*=0.44, p < 0.01)
(Fig. 6b). The contribution ratio was approximately 1.0 when
the quantity of seeded clams was as large as ca. 3000 mt, which
indicates that harvest was comparable to quantity of seeded
clams in those years.

4 Discussion

4.1 Harvest and clam abundance

The correlation between harvested quantity and stock
biomass of harvestable clams (D6-D7) indicates that the
decrease in harvest was influenced by the abundance of
harvestable clams in the Banzu culture area not only over the
study period but also in the period before sea spider infestation
(Fig. 4c). In 1988-2007, the decrease in clam density was
obvious in D6, but not in D7 (Fig. 2c). The decrease of D6,
which included the wild clams, may have been responsible for
the decrease of harvest during this period. The sharp decrease
of harvest after 2008 was caused by the high mortality rates of
the large-sized clams because of the sea spider infestation,
which also resulted in the suspension of seeding. During
1988-2007, the increased stock of large-sized clams by the
considerable quantity of seeding (816-2458 mt) would have
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made the decrease of wild stock inconspicuous on the harvest.
The decrease of the stock may have been apparent by the
suspension of seeding since 2008.

Since the late 1980s, clam density decreased in D1-D6.
The variations of clam densities were characterized and
distinguished by whether they had a recovering period after the
late 2000s, which coincides with the prevalence of sea spiders.
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Fig. 5. Variation in the yearly sum of harvest effort (number of
operating harvesters) in the culture area in 1988-2014 (a), and
relationships between stock biomass of harvestable clams (D6, D7)
and harvest effort (b) and CPUE and harvest effort (c). Records from
1986-1991 and 2004 were unavailable.

Table 1. Results of the multiple regression analysis for assessing the
relationship of the biomass of harvestable stock (s) and the sum of
operating persons (E) to the harvest (H) in the culture area in the
Banzu tidal area.

Case EV RC P R F

a 1992-2014 s 0.15 0.13 0.95 138.9
E 0.87 <0.001

b 1992-2007 s 0.16 0.30 0.83 232
E 0.86 <0.001

EV explanatory variable,
coefficient.

RC standardized partial regression

The successive decreasing trend in D5-D7 over the study
period resulted from an absence of recovery. Conversely, the
increased density after the late 2000s in D1-D4 does not
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appear to have been influenced by the sea spider infestation.
This difference between the size groups implies that different
processes may have affected the decreases before 2007 and
after 2008.

The mortality effects caused by predation (Kraeuter and
Castagna 1989), parasitic disease (Waki and Yoshinaga, 2013),
and hydrodynamic stress (St-Onge and Miron, 2007) have
often varied with clam size. Strong mortality impact on large
sizes of asari clams has been reported in predation (Shigeta
et al., 2016) and physical disturbance (Kakino, 2006; Toba
et al., 2016). The predation by the black porgy Acanthopagrus
schlegelii may have caused the recent decline of asari clams in
Banzu (Toba et al., 2020). Although, fatal effect of sea spider
infection on asari clams was confirmed (Kobayashi and Toba,
2014; Yamada et al., 2018), difference of impact intensity with
the clams size has not been reported.

4.2 Harvest effort and CPUE

The decrease in harvest effort after the late 1990s can be
understood as the result of decreasing stock of harvestable
clams (Fig. 5b). The fact that the harvest depended more on the
harvest effort than on the stock biomass of harvestable clams
(Tab. 1) explains the process in which the decline of
harvestable stock lowered harvest effort, which in turn
resulted in a low harvest.

The positive correlation between CPUE and harvest effort
(Fig. 5¢) indicates that the decrease in harvestable stock
seemed not to be attributable to overharvesting, which has
been often posed in the decreased events in clam harvest

(Ren et al., 2008; Hamaguchi, 2011; Brusa et al., 2013).
Additionally, this correlation represents the decrease in the
number of operating harvester in 1991-2007 was resulted from
a decrease of daily personal harvest. In the period of harvest
decline, the work period was longer and some operators were
unable to reach their daily quota (interview with FCA).
Although the work period of the operators was not in the
FCAs’ records, harvest per unit time would have lowered in
this period. If the work period of the operators were included in
the calculations (unfortunately, it could not be included),
CPUE could be used as an index of economic profitability for
an operator. In this period, the personal daily quota was
reduced by FCA, while working period was prolonged. A low
profitability would lead operators to hesitate to go harvesting.
The decrease of harvest in the Banzu culture area may be
explained by the low number of harvesters, which in turn
resulted from the reduced profitability because of the decline of
harvestable stock.

4.3 Harvested and contribution ratios

The correlation between the harvested ratio and harvest-
able stock biomass (Fig. 6b) indicates that harvest pressure
elevated in the years when harvestable stock was at a reduced
level, probably due to the annual harvest planned by FCA not
to the clam abundance. In the late 1980s, a large quantity of
seed clams (2500-3400 mt) were introduced (Fig. 3a) despite
the densities of large-sized clams (D5-D7) were high (Fig. 2c).
The contribution ratio of approximately 1.0, recorded in the
years when seeded quantity was approximately 3000 mit,
indicated that the enhancing effect of harvestable stock by
seeding was insignificant in these years, and culture profit
simply depended on the difference of price between seeded and
harvested clams. Considering that the contribution ratio
increased when seeded quantity reduced (1991-2007), an
excessive quantity of seed clams that exceeded biological
productivity of the culture area may have introduced in this
period, which would be encouraged by the affordable price of
seed clams.

In Japan, the large-scale seeding of natural asari clams
(>1000 mt annually) was performed for decades in Tokyo Bay
(Toba, 2017) and Mikawa Bay (Kamohara et al., 2014). In the
1960-1970s, abundant low-priced seed clams could be
introduced to the Banzu culture area (interview with FCA),
because the stock level of asari clams was high in major areas
of asari production in Japan. However, such condition may
have led to the introduction of a large quantity of seeds with no
regard to the carrying capacity in terms of biological
productivity in the culture area. If this was the case, the
excessive seeding observed in the late 1980s in the present
study may have been implemented over preceding years based
on the abundant seed supply.

After the late 1990s, harvest was declining mainly because
of the extensive decrease of wild clams despite of seeding.
Although the contribution ratio rose in this period compared to
former years, seeding should have only limitedly enhanced
harvestable stock. Considering that harvestable stock was not
correlated with seeded quantity (Fig. 4d), harvest should have
significantly depended on the wild clams even in the culture
area in the study period.
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5 Conclusions

The present study emphasizes two findings, which are
especially pertinent to the management of asari clam culture
areas supported by the introduction of seed clams. First, a
certain management style, based on accurate predictions of the
contributions of wild and introduced clams to future stock
biomass, is essential for economically-feasible culturing. This
indication is common in culture operations using artificial seed
clams (Kraeuter and Castagna, 1989, Castagna, 2001).
However, there are several examples of culture areas using
natural seed clams, particularly in cases of abundant seed
supply. Periodical evaluation of the standing biomass of clam
stock in addition to estimation of the carrying capacity of the
culture areas will support reliable planning even at high levels
of stock.

Second, the final factor behind the observed decrease in
harvested quantity may be due to the decreased profitability of
clam harvesting in Banzu. Basically, harvest quantity is
determined by the quota established by the culturing plans of
FCAs. In areas with less harvestable stock (e.g., reduced
occurrence of wild juveniles or insufficient supply of seed
clams), actions should be taken to maintain the incomes of
harvesters while avoiding overexploitation, even if the total
harvest quantity decreases.
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Appendix 1 operating person) in the culture area of the Banzu tidal area in
1986-2016. Spatial densities (a, b) and records of production
Seasonal variations in the spatial density of wild juveniles ~ (c—f) were investigated bimonthly and monthly, respectively.
(a) and clams in harvestable size (b), weight of harvested NA, data were not available. In c—f, data from 2004
clams (c) and introduced seed clams (d), operating harvesters ~ were excluded due to a major absence of records (open
day' (e), and capture per unit effort (CPUE, harvest per triangles).
1000

(a) Wild juveniles
800

600

400

Clam density (ind. m?)

200 A NA
0

400

(b) Harvestable-sized clams
300
200

100

Clam density (ind. m?2)

NA NA

1500
(c) Harvested clams

1000

Harvest (mt)

500

2500

(d) Introduced seed clams
2000 v
1500

1000

Seed quantity (mt)

500

10
(e) Operating harvesters

Operating harvester (103)

200

(f) CPUE
150

100

CPUE (kg person™)

50

=2
>

1986 1
1987
1988
1989
1990 -
1991 ~
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Page 10 of 11



	Production of asari (Manila) clams, Ruditapes philippinarum, during the period of harvest decrease in the 2000s in the Banzu tidal area, Tokyo Bay
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Investigation of clam abundance
	2.3 Collection of records in the clam culture operation
	2.4 Size of harvested and seeded clams
	2.5 Analysis

	3 Results
	3.1 Abundance of clams
	3.2 Seeding, harvestable stock, and harvest
	3.3 Harvest effort and CPUE
	3.4 Harvested and contribution ratios

	4 Discussion
	4.1 Harvest and clam abundance
	4.2 Harvest effort and CPUE
	4.3 Harvested and contribution ratios

	5 Conclusions
	Acknowledgements
	References
	References


