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The role of greasyback shrimp (Metapenaeus ensis) in
improved extensive shrimp farming systems in
the Mekong Delta, Vietnam
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Abstract: In 2010, a variety of factors affecting the size and yield of Metapenaeus ensis were
measured on shrimp farms in the My Xuyen (MX) and Dong Hai (DH) Districts, Mekong
Delta, Vietnam. Studies were conducted in shrimp-rice paddy rotation systems (in MX) and in
integrated shrimp-mangrove systems (in DH). A survey was conducted in 120 households, and
samples were obtained from a total of 8 farms in the 2 districts. Results showed that M. ensis
seed was collected from wild populations through tidal recruitment at sluice gates. The recruit-
ment occurred multiple times per year. Yields of M. ensis in MX and DH were 31.0£5.9 kg *
ha'+ year 'and 39.224.7kg » ha ' « year ', respectively. The yields were positively correlated
with the frequency of water exchange and with the depths of ditches and flat-forms (p<0.01).
The contributions of M. ensis to the total shrimp yield in MX and DH were 6.0% and 12.2%, re-
spectively, with respect to yield, and 8.5% and 7.3%, respectively, with respect to value.

Keywords: Greasyback shrimp, Metapenaeus ensis, shrimp-rice paddy rotation systems,

integrated shrimp-mangrove systems

1. Introduction

Shrimp farming plays an important role in
the societal and economic development of
coastal communities in Vietnam (JOHNSTON et
al., 2000a; Sing, 2009). The area devoted to
shrimp cultivation expanded from 90,000 ha in
1991 to 430,000 ha in 2003 (Loc, 2003), and the
yield increased from 55,316 tons in 1995 to
413,132 tons in 2009 (ANoNYMOUS, 2010a).
Shrimp export values in 2007 were over US$ 1.2
billion (TuU et al., 2008).

In Vietnam, reported shrimp yields are
mainly for the black tiger shrimp (Penaeus
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monodon), because this is the only species for
which fishery managers have collected data and
conducted annual assessments. The species has
been studied by authors from both Vietnam
and abroad from many viewpoints, such as
fishery techniques, market factors, and societal
and economic development. However, P. mono-
don is not the sole commercial shrimp species in
Vietnam. Many other high-value species (e.g.,
Metapenaeus ensis, Metapenaeus lysianassa,
and Penaeus merguiensis) are also harvested
on shrimp farms. The seed sources for these
(non-P. monodon) species are wild populations,
referred to as “natural shrimp,” collected by
tidal recruitment (JOHNSTON et al., 2000b). In
contrast, artificial seed has been used in
P. monodon since 1990 (NHUONG and Ha, 2005).

The Mekong Delta (MD) in the southern re-
gion of Vietnam, with an area of about 39,000
km’, contains 70% of the nation’s shrimp farm-
ing. A variety of farming systems are used in
this region.
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In traditional extensive shrimp farming sys-
tems, the wild seed is trapped and held until
harvest. Stocking densities are low, food sup-
plements are not provided, and there is no fer-
tilization (BRENAN et al., 2006). In improved
extensive shrimp farming systems, the tradi-
tional system is modified by supplementation
with artificial stocks of P. monodon (stocking
density, 1—7 individuals * m™?), either with
or without feeding (PHUONG et al., 2006;
ANONYMOUS, 2007). Finally, in semi-intensive
and intensive systems, which have steadily ex-
panded since 2000 (VIET, 2006), P. monodon is
cultured using intensive food and habitat en-
richment schemes to produce rich harvests.

Metapenaeus ensis, which is caught and cul-
tured as part of the traditional shrimp farming
activities of local residents in Southeast Asia
(LING, 1973), tolerates a wide range of salinity
(5—30) and is in high local market demand be-
cause of its high meat quality (L1ao and CHAO,
1983; KiNG, 2001). In the Gulf of Carpentaria,
Australia, the maximum total length is 154
mm for males and 189 mm for females
(GARCIA, 1985). The longevity of M. ensis is ap-
proximately 14 months, as found in Hong
Kong, China (LEUNG, 1991). Various aspects of
this species have been investigated in different
countries, such as its reproductive biology in
Australia (COURTNEY et al., 1989), its popula-
tion dynamics in a shrimp pond in Hong Kong
(LEUNG, 1997), and the modeling of population
dynamics in Osaka Bay, Japan (TAGUCHI et al.,
2002).

In this study, we focused on the status of
M. ensis in improved extensive shrimp farming
systems in Vietnam. These systems constitute
about 75% of the total shrimp farming area in
MD. The results of this study contribute to the
development of a critically needed database on
resources vital to the socioeconomic well-being
of populations in Southeast Asia, especially in
the MD area.

2. Materials and Methods
2.1. Study sites

This study was conducted in 2010 in the My
Xuyen (MX) district of Soc Trang Province
and in the Dong Hai (DH) district of Bac Lieu
Province in the MD (Fig.1). These locations are

Fig. 1. Location map of Vietnam, the Mekong Delta,
and sampling sites in the My Xuyen (MX) and
Dong Hai (DH) Districts.

representative of the social, economic, and envi-
ronmental characteristics of the MD region.
MD, with its tropical climate, is biseasonal
with a rainy season from June to November
and a dry season from December to May
(HuNg, 2009). An estimated 19% (786,329ha)
of the total area is affected by changing water
salinity, with predominately fresh water in the
rainy season and brackish water in the dry sea-
son (VuoNG and LiN, 2001). The most impor-
tant locations for improved extensive shrimp
farming systems are (1) in rice paddies by us-
ing shrimp-rice crop rotation and (2) in inte-
grated shrimp-mangrove habitats.

The shrimp-rice paddy rotation system,
which was introduced 30 —40years ago (VUONG
and LIN, 2001; PRESTON et al., 2003), consists of
rice cultivation in the wet season (on flat-form
areas in predominately fresh-water conditions)
and shrimp culturing in the dry season (in pre-
dominately saline-water conditions) (BRENNAN
et al., 2002). Rice is cultivated from June/July
to September/October, when salinity is 0— 3,
while shrimp are cultured from January/
March to May/June, when salinity is greater
than 3.

The total land area of the MX district is
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Fig. 2. Construction of farms in the My Xuyen and Dong Hai Districts, designed for improved extensive
shrimp culture farming. (a) Relative proportions of ditch and flat-form areas; (b) and (¢) Transects
of a shrimp-rice paddy rotation system and an integrated shrimp-mangrove system located in MX and
DH, respectively, showing (1) ditch depth; (2) depth of flat-form; (3) ditch; (4) flat-form; and (5)
sluice gate.

54,450ha (ANoNyMOUS, 2010b). The area of
shrimp-rice paddy rotation increased from
500ha in 1982 to 6,635ha in 1988 (PRESTON et
al., 2003) and to 20,200ha in 2010 (ANONYMOUS,
2011a). Combined shrimp-rice farming pro-
vides enhanced income and economic benefits to
farmers, as compared with that provided by the
cultivation of either shrimp or rice alone
(VUONG and Lin, 2001). Mangrove forests oc-
cupy 52,786ha in the DH district (ANONYMOUS,
2010c), in regions where salinity ranges from
28 to 34 (ANoNYMOUS, 2010d). Shrimp-
mangrove farms are designed so that man-
grove trees occupy flat-form areas and shrimp
are cultured throughout the year. The opera-
tional principles of this system are described by
BINH et al. (1997) and JOHNSTON et al. (2000a).
The design of these farms is shown in Fig. 2.

2.2. Data collection

Information was collected in a survey of 60
households from each district, it contains
farming area, depth of flat-form and ditch, fre-
quency of water change, yields and prices of
M. ensis and P. monodon and other shrimps,
investment and income. The participants were
farmers who were applying the improved ex-
tensive system in these districts.

Table 1. Areas and abbreviations of farms in the two
districts where samples were collected.

My Xuyen Dong Hai
Farm Area (ha) Farm Area (ha)
AMX 1 ADH 4.3
BMX 1.5 BDH 2.9
CMX 1 CDH 3
DMX 0.6 DDH 3.4
Mean = SD|1.03 £ 0.4 [Mean = SD| 3.3 £ 0.8

Shrimp sampling was conducted at a total of
8 farms in the MX and DH districts (4 farms in
each district). Table 1 shows the area of each
farm. The distance between farms in both dis-
tricts was about 0.2 km. Shrimp culturing/har-
vesting in MX occurs only during the dry
season; therefore, sampling was conducted only
between January and June. Metapenaeus ensis
in MX farms was collected at night by using
trap nets, as shown in Fig. 3 (a), with a mesh
size of 1.5—1.7cm. The trap nets were sub-
merged in the ditch, as shown in Fig. 2 (b—3).
Sampling was performed on 2 nights, for ap-
proximately 8h each night (9 : 00PM to 5 : 00
AM), by using 6 trap nets at each farm during
each sampling time.

In contrast, shrimp culturing in DH occurs
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Fig. 3. Trap net design used to catch shrimp in ditches (a) and sluice gates (b).

throughout the year, and sampling was con-
ducted in February, April, June, August, Octo-
ber, and December in 2010. The sampling was
conducted during the spring tide of each
month, drainage was controlled using a sluice
gate, as shown in Fig. 3 (b), through which
shrimp were recruited and harvested.
Metapenaeus ensis was sampled on 2 nights,
for 3 —4h per night, by using a single sluice
gate at each farm.

Shrimp samples collected inside the farms in-
cluded shrimp obtained via new recruitment
and old shrimp from previous recruitments.
The samples of M. ensis were kept in ice prior
to the measurement of carapace length (CL).
CL was measured to the nearest millimeter by
using calipers and defined as the shortest dis-
tance between the posterior margin of the orbit
and the mid-dorsal posterior edge of the cara-
pace. In addition, salinity was measured as an
important physical characteristic of the water
(Macia, 2004).

2.3. Data analysis

The non-parametric Wilcox test was used to
test the significance of differences between the
observed variables in the 2 districts. Akaike’s
Information Criterion (AIC) (AKAIKE, 1973)

was used to select the variables that affected
the yield, and these variables were used in the
multivariate regression models (DALGAARD,
2002; FARAWAY, 2005).

In this case, the dependent variable, 1y, is de-
fined as the yield of M. ensis, and the maximum
number of independent variables, which were
defined later, is 6. The number of models,
which are constructed using a single independ-
ent variable (xi, xs, ***, or xs), can be calculated
by the combination C(6, 1) =6, i.e., y=/fi(x1), v
=f(xs), =+, y=fs(xs). The number of models,
which are constructed using 2 independent
variables (xi, x2), (x1, x3), =+, or(xs, xs5), can be
calculated by the combination C(6, 2) =15, i.e.,
vy=Fx, x2), y=fs(x1, x3), =+, y=/u(xs, x5). The
total number of models can be cal(éulated by the

summation of the combinations Z C(6, i) =64.

We calculated the AIC values for ealtch of the 64
models and selected the optimal model as the
one with the lowest AIC (FARAWAY, 2005).
When the linear regression equation is ex-
pressed as follows :

y= 0?+B111+Bzxz+"'+ékxk

with k+1 parameters (&, 8, .8,), and the
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Table 2. Parameters of the improved extensive shrimp farming systems in the MX (mainly shrimp
~rice paddy rotation systems) and the DH (mainly integrated shrimp-mangrove forest

systems) (mean=*standard deviation).

Ttem My Xuyen Dong Hai
(n=60) (n=60)
Period of shrimp culture (montheyear ") 6 12
Farming area (ha*household ") 0.9%0.3° 1.7£0.6°
Depth of flat-form (m) 0.5+0.3" 0.4+0.1°
Depth of ditch (m) 0.9+0.1° 0.8£0.1°
Frequency of water exchange (timese*year ') 6.611.2° 19.5£1.8"
Yield of M. ensis (kg *ha 'syear ") 31.0+5.9 39.24+4.7
Coefficient of variation of M. ensis yield (CV) (%) 18.9 11.9
Price of M. ensis (US$+kg ") 3.4%0.5" 3.5£0.1
Yield of P. monodon (kgeha 'syear ") 539.54265.7 322.2+91.7°
CV of P. monodon yield (%) 49.3 28.4
Price of P. monodon (US$-kg ) 5.31+0.4° 6.710.7°
Yield of aquatic other species (kg+ha 'syear ') 30.5 £.5.7° 29.2£7.6°
CV of aquatic other species (%) 18.8 26.0
Price of aquatic other species (US$+kg ") 1.740.2° 1.5+0.1
Total investment from shrimp (US$<ha 'syear ! 861.5£179.7* 308.5£71.6"
Net income from shrimp (US$<ha 'syear ") 2,380 +1,666" 2,108 +741.8"
CV of income from shrimp (%) 70 35.1
Total cost from rice paddy US$+ha 'scrop ! 9341130 0
Net income from rice paddy (US$<ha 'crop ) 645.7£117.6 0
Coefficient of variation of rice paddy (%) 18 Invalid
Total of net income (US$+ha 'syear ) 2,444.8+1,650° 2,108 +741.8"
Total of net income (US$+household '*year ! 2,716.5+1,485° 3,584+1,681"
CV of net income household 'year " (%) 54.6 36.3

Mean values of parameters in the same row with the different superscripts show significant different (p<0.01)

residual sum of squares is expressed as
RSS= Z (§:—y.)?% then AIC is calculated by :

i=1

AIC = log<7Rfs > +%

where n is the number of samples.

The density function was used to determine
the variations in CL for each sampling time.
The CL had a normal distribution; analysis of
variation and Tukey’s honestly significant dif-
ference test were used to test for the signifi-
cance of CL variations between different
months.

To relate these data to characteristics of the
shrimp culture system, 8 variables (defined

later) were selected from the surveys for analy-
sis. These variables were considered to have ef-
fects on the system in terms of the aquaculture
(MACIA, 2004), and they were hypothesized to
have effects on the yield and CL of M. ensis.
Factor analysis (FA) was used to reduce the
original number of variables and identify new
variables that explained the most important
variances in the data.

3. Results

3.1. Contribution of M. ensis to households
The contribution of M. ensis to the total

shrimp yield in the MX and DH districts in

2009 was 6.0% and 12.2%, respectively, in

terms of physical yield, and 8.5% and 7.3%, re-

spectively, in terms of crop value. The yields of
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Table 3. Results of factor analysis, based on eight parameters obtained from the survey of 120 house-
holds in My Xuyen and Dong Hai. The eight parameters were extracted from Table 2.

My Xuyen Dong Hai

Factor 1 | Factor 2 | Factor 1 | Factor 2
P. monodon yield (kgeha 'eyear ") 0.9 0.99
Depth of flat-form (m) 0.77
Depth of ditch (m) 0.50 0.64
Net income (US$+ha 'eyear ") 0.97 0.95
M. ensis yield (kgeha 'syear ") 0.87 0.94
Frequency of water exchange (times*year ') 0.70 0.79
Yield of other species (kg+ha 'syear ')
Total cost of shrimp production (US$*ha 'eyear ")
Coefficient of determination 0.26 0.16 0.37 0.21
Total coefficient of determination 0.42 0.58

M. ensis were found to be more stable than
those of P. monodon. The coefficients of varia-
tion for M. ensis yields were 18.9% and 11.9%
in the MX and DH districts, respectively, while
those for P. monodon yields in the 2 districts
were 49.3% and 28.4%, respectively (Table 2).

According to farmers in MX, the main pur-
pose of food supplements is to feed P. monodon,
because this species is stocked at a density of
5—6 individuals * m *. In contrast, in DH the
land area per household is larger than the land
area of MX households (p<0.01) (Table 2),
and P. monodon is stocked at lower densities
(1—3 individuals * m *) 3—5 times per year.
This pattern of stocking is referred to as thin-
ning (by harvesting) and subsequent stock
compensation, enabling shrimp farms to main-
tain a low density of individuals without food
supplements.

The total investment for shrimp culturing in
MX was higher than that in DH (p<0.01).
However, the situation reversed with respect to
the net income from shrimp culturing in the 2
districts, which was significantly different
(p<0.01) (Table 2). However, farmers in MX
also obtain an income from rice paddy harvests
in the rainy season (Table 2) ; therefore, their
income per hectare is actually higher than that
of the DH residents. While DH is located in the
ecological mangrove region, the region can not
grow rice paddy. Besides, shrimp culture activi-
ties of farmers in the region are used depending

much on natural environment, low investment
and low yield, farming area of each household
in DH is larger area than in MX, thus, their in-
come per household are higher than in MX
(Table 2).

FA was used to identify 2 orthogonal linear
combinations of the 8 original parameters
measured in MX (Table 3). These 2 factors are
shown in Fig.4 (a). Factor 1 has 8 components,
representing a positive correlation between the
depth of the ditch and the yield of P. monodon
and net income. Factor2 has 2 components, rep-
resenting a positive correlation with the num-
ber of water exchanges and the yield of
M. ensis. These factors explained 42% of the
original variance; factors 1 and 2 explained
26% and 16%, respectively, of the variance in
the data.

Similarly, the first 2 factors of the FA in DH
explain 58% of the variance in the 8 original
parameters measured in DH (Table 3). These
factors (Fig. 4 (b)) showed that factor 1 has 4
components, representing a positive correlation
among the yield of P. monodon, the depth of
the flat-form, the depth of the ditch, and the
net household income. Factor2 has 2 compo-
nents, representing the yield of M. ensis and
the number of water exchanges. Factors 1 and
2 explained 37% and 21%, respectively, of the
variance in the DH data.
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Fig. 4. Plot of the first 2 factor analysis loading vectors for My Xuyen (a) and Dong Hai (b). Me : M. ensis
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Fig. 5. Correlation between frequecies of water exchange and M. ensis yields in My Xuyen (a) and Dong
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3.2. Variables affecting the yield of M. ensis

Farmers in MX often add more water to
their farms to compensate for leakage or
evaporation, and they limit the drainage of wa-
ter away from farms because brackish water is
scarce and the quality is variable. We found
that the number of water exchanges in DH was
higher than that in MX (p<0.01; Table 2) and
that yields of M. ensis were positively corre-
lated with the number of water exchanges
(Fig. 5).

Ditches and flat-forms were deeper in MX
than in DH (p<0.01). Results of the multivari-
ate regression analysis were as follows. When 6

independent variables (i, Xzo, X3, Xisr, Xs5or, and
Xe) were used, the model explained 46% of the
variance in the yield of M. ensis, where xi,, Xz,
Xaer, Xasr, X3, aNd X4 denote the rate of water ex-
change, depth of ditch, depth of flat-form, yield
of other species, yield of P. monodon, and price
of P. monodon, respectively. The number of wa-
ter exchanges (x,) was significant in all the
cases; this variable is a significant predictor of
M. ensis yields (p<0.01). The optimal model
that minimized the AIC value (AIC=184, R’
=0.45) was as follows :

Vo=3.613.18 21+ 0.96 220+ 11.35 235, )]
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Table 4. Predictions for optimal yields of M. ensis in the My Xuyen (MX) and Dong Hai (DH) districts
with multivariate regression models. Subscriptions of sr and sm denote the shrimp rice in MX
and shrimp mangrove in DH, respectively. y denotes the M. ensis yield. x;, xz, xs, x4, x5 and xs de-
note the frequency of water exchange, depth of ditch, depth of flat-form, yield of other species,
yield of P. monodon, and quantity of P. monodon stocked, respectively.

MX (N=60) DH (N=60)
Model AIC R* Model AIC R*
Vo =f Xy Xory Xasry Xisry Lsory Xosr) 188 0.46 | Vo =1 romy Xoomy Xssm, Xtsmy Xssmy Xosm) | 144 0.59
Vo= f (X1, Xoor, Xsery Xtory Xser) 186 0.46 | Yo =1 (X1om, Xoom, Xsemy Xtsmy Xsom) 143 0.58
Vo= f K1y X2, Ksory Xisr) 185 0.46 | you=1 (X1om, Xoem, Xsom, Xom) 141 0.58
Vo= f (X1, Xoor, X3) 184 0.45 | Y= (rom, X2om, X3om) 140 0.57
Vo= J Xrsmy Xoom) 139 0.56
Vo =1 (1sm) 138 0.56
50 50
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Fig. 6. Correlation between yields of M. ensis and depth of flat-form in My Xuyen (a) and Dong Hai (b).

This optimal model can explain 45% of the
variance in M. ensis yields (Table 4).

Similarly, in DH, the model constructed us-
ing 6 independent variables (Xim, Xzm, Xsm, Xssm,
Xsm, and Xem) explained 59% of the variance in
M. ensis yields. The optimal model (AIC=138,
R*=0.56) was constructed using only one vari-
able, xIsm, and explained 56% of the variance
in M. ensis yields. The model is represented as
follows :

Ve =1.167+1.950 x1m )

The results of both univariate (Fig. 5) and
multivariate regression analyses (Table 4) con-
firmed that water exchange is the principal fac-
tor that enhanced yields of M. ensis. In

addition, these results also showed that farms
with deeper flat-forms had higher yields of M.
ensis than those with shallow flat-forms
(Fig. 6). Furthermore, yields of M. ensis were
higher in farms with deeper ditches (p<0.01)
in both shrimp-rice paddy rotation and inte-
grated shrimp-mangrove systems.

3.3. Variations in CL

Size density diagrams of M. ensis in MX are
shown in Fig. 7, with CL for the early crop in
January with a peak concentration of 18.0 —
23.0mm. Other months, however, show
broader (less concentrated) density peaks for
CL. CL appeared to vary between 18.0 and 30.0
mm, and there were significant differences in
CL between the different months (p<0.01),
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Fig. 8. Size density of carapace length (CL) for M. ensis in the Dong Hai District at each of the 6 sampling

times; n : total number of shrimp in 4 farms.

except for February-March (p>0.05). Simi-
larly, the size density structure of CL for the 6
sampling periods in DH (Fig. 8) showed sig-
nificant differences in CL between the different
months (p<0.01), except for June-August
(p>0.05).

Differences in salinity, depth of ditch, and
depth of flat form for farms in MX and DH are
shown in Tables 5 and 6. The flat-form depth of
the farms and depth of the ditches in both MX
and DH did not differ with respect to location
or the months sampled. However, the salinity
values were quite different between the

locations. The salinity values in DH were much
higher than those in MX. Furthermore, in MX,
the salinities in April-June were higher than
those in January—February.

4. Discussion

Coastal shrimp farming started in Vietnam
in the 1970s, with development of extensive
farming systems. Metapenaeus ensis farming
has declined in recent years, possibly because of
mangrove forest clearing, over-harvesting, and
urbanization (JOHNSTON et al., 2000a). The
natural shrimp harvest in MX was 181 kg <ha™
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Table 5. Depth of ditches (m), depth of flat—forms (m) and salinity measured during the six sam-
pling periods in MX (mean=standard deviation).

January | February March April May June

(N=16) (N=16) (N=16) (N=16) (N=16) (N=16)
Flat—form depth (m) 0.4£0.1 0.4%£0.1 0.45+0.1 0.5%0.1 0.5%0.1 0.5%0.1
Ditch depth (m) 0.8+0.2 0.7+0.2 0.8+0.2 0.8+0.2 0.9£0.1 0.8+0.2
Salinity 15.5+2.0 15.5+1.5 15£2.2 19.7£2 20.0%3 19.5+2.3

Table 6. Depth of ditches (m), depth of flat-forms (m) and salinity measured during the six sam-
pling periods in DH (mean=standard deviation).

February April June August October December

(N=16) (N=16) (N=16) (N=16) (N=16) (N=16)
Flat-form depth (m) | 0.4£0.2 0.4%£0.2 0.4%+0.1 0.45+0.2 0.4%+0.2 0.4+0.2
Ditch depth (m) 0.8%0.2 0.7£0.5 0.8%0.1 0.8+0.1 0.9%+0.2 0.8%0.2
Salinity 25.0+2.5 30.0£2 31.0£1.2 30.0£1.2 29.0+3.1 29.0+2.2

in 1997 (BE et al., 2003). Currently, the harvest
is about 81.05.9 kgeha '*year '. The harvest
of M. ensis in mangrove habitats was 100—600
kgeha ' in 1993 —1994 (BINH and LN, 1995),
whereas now it is about 39.2*=4.7kge-ha '*
year '. Thus, the income generated by M. ensis
harvests is declining. This species, however, is
still very important to local residents because
natural stocks are free. The farming of
M. ensis has been a substantial help to poor
shrimp farmers in the MD, where the GDP per
capita was US$ 1,113 in 2009 (ANONYMOUS,
2011b).

Shrimp culturing is the primary income
source for residents in both MX and DH dis-
tricts, with combined M. ensis and P. monodon
polycultures common in all farms. However,
variations in P. monodon yields probably re-
flect household investment levels. For this rea-
son, the P. monodon yields were selected as one
of the main components of factor 1 and could
explain the variability in the M. ensis yields.

Multivariate analyses confirmed that M.
ensis and P. monodon populations on shrimp
farms are not in competition. The correlation
between M. ensis and P. monodon yields in the
MX and DH districts was significantly low,
i.e., 0.02 and 0.11, respectively. This is because
P. monodon was stocked at a low density in
these systems, and the wild-stock density of

M. ensis was also low.

Water exchange is the best mechanism for
recruitment of post-larval M. ensis in farms.
We found that M. ensis yields depend strongly
on the number of water exchanges. However,
the waters of the MD coastal region are highly
turbid (ANoNYMOUs, 2010e). Sediment can
quickly fill ditches and accumulate on flat-
forms, especially if water exchanges occur mul-
tiple times in a year. Farmers must then incur
the costs of annually excavating the sediment
(PRESTON et al., 2003). Yields of M. ensis are
also dependent on factors such as wild-seed
abundance, the water levels of flooded farms,
farm design, and water quality (BINH et al.,
1997).

Our results show that recruitment of
M. ensis is strongly dependent on the fre-
quency and volume of water exchanges on
farms. The size density structures of M. ensis
populations varied throughout the year, with
one to several peaks in the CL per month; CL
varied between 18 mm and 30 mm. CL varied
from month to month in both MX and DH, im-
plying that yields of this species are sustained
throughout the year.

The yield of M. ensis in MX was lower than
that in DH because M. ensis in MX is affected
to a greater extent by natural conditions.
Shrimp culture farming operates only during
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the dry season (6 months) in MX. However, lo-
cal residents can get other income from culti-
vating paddy rice in the same area. It is an
effective way to use agricultural land, and it
can be considered to be applicable to coastal ar-
eas. The integrated shrimp-mangrove system
also has low yields. However, the average area
per household is 1.7 ha. The existence of inte-
grated shrimp-mangrove farms not only pro-
vides a livelihood for local residents but also
helps to sustain mangrove forests. Both of
these systems require low investments and are
a consistent income source for local residents.

Although M. ensis yields are lower than
those of P. monodon, the species contributes
significantly to the alleviation of poverty in
coastal communities (JOFFRE and SCHMITT,
2010). Metapenaeus ensis not only supplements
the incomes of farmers but also has positive
impacts on regional biodiversity and contrib-
utes to the natural balance of ecological sys-
tems (ISLAM et al., 2004)

5. Conclusions

Populations of M. ensis are combined with
those of P. monodon in improved extensive
farming systems throughout MD.
Metapenaues ensis populations rely on the re-
cruitment of wild seed, with multiple
recruitments during the year representing the
opportunity for sustained yields. Metapenaeus
ensis cultures yield significant economic sup-
port to low-income populations, requiring only
small investments to realize modest returns.
The shrimp are harvested for the market; how-
ever, yields of M. ensis are lower than those of
P. monodon. For this reason, farmers cannot
depend on M. ensis alone for their livelihood.
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Application of chemical mass balance to determination of

phytoplankton composition from pigment profiles
in seawater

Yutaka OKUMURA" ", Takashi Kamiyama” and Toshiyuki SUzZUKI”

Abstract: We applied a chemical mass balance (CMB) receptor model to determine the compo-
sition of phytoplankton from pigment profiles in seawater collected from Sendai Bay, Japan.
In descending order, the relative abundances of the six predominant phytoplankton classes ex-
pressed as a proportion of total chlorophyll a were Bacillariophyceae > Prasinophyceae =
Cryptophyceae = Haptophyceae = Pelagophyceae = Dinophyceae. The results obtained by us-
ing CMB model were similar to those obtained by the CHEMTAX software: the
Bacillariophyceae accounted for about 65% (CMB) or 64% (CHEMTAX) of the total
phytoplankton, and the proportions of the other classes ranged from 5% to 11%. Many DNA
sequences obtained from the clone library of the psbA gene encoding the D1 protein were highly
similar to those of the Bacillariophyceae. The DNA sequencing results were similar to those ob-
tained by CMB. We anticipate that CMB, which is used to investigate sources of pollutants,
can be applied as a simple method of evaluating phytoplankton community composition using

a pigment ratio approach.

Keywords: phytoplankton pigment, chemical mass balance analysis, DNA sequencing.

1. Introduction

Phytoplankton are primary producers in the
ocean and use many kinds of pigments for pho-
tosynthesis. Pigment profiles vary among
phytoplankton classes. Analysis of pigment
profiles in seawater has been used to investi-
gate seasonal changes in phytoplankton domi-
nance (METAXATOS and IGNATIADES 2002,
RODRIGUEZ et al. 2003, HASHIHAMA et al. 2008),
enabling higher throughput than can be
achieved by cell counting under a microscope.
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Phytoplankton pigments are analyzed by using
high-performance liquid chromatography
(HPLC) ; the proportional concentration of
each phytoplankton class is calculated statisti-
cally by, for example, factor analysis using a
steepest descent algorithm (CHEMTAX;
MACKEY et al. 1996) or multiple regression
analysis using ordinary least squares
(BUSTILLOS-GUZMAN et al. 1995, SUZUKI et al.
1997, 2002). CHEMTAX software (MACKEY et
al. 1996, 1997) is frequently used for the calcu-
lations (SUzUKI et al. 2002, RODRIGUEZ et al.
2003, HASHIHAMA et al. 2008) and CHEMTAX
v. 1 is an excellent free software package, but it
functions only within a commercial program-
ming language.

Chemical mass balance (CMB) software is
used to solve mass balance equations by an ef-
fective variance least-squares method. It was
developed by Dr. Tom COULTER of the U.S. En-
vironmental Protection Agency and was
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configured by HAYAKARI and Hanaisar (2001)
to operate with add-in Microsoft Excel soft-
ware (Microsoft, U.S.A.). Because Microsoft
Excel is the world’s most popular spreadsheet
software, CMB has the advantage of ease of use
because it does not need a special programming
language. Moreover, CMB is different from
previous multiple regression analyses of
phytoplankton pigments, as it is based on a
mass balance equation with a weighted least-
squares regression analysis (HoPKE 2002). The
CMB receptor model is used in environmental
studies to investigate sources of pollutants,
such as airborne particulate matter in the
atmosphere (Hopke 2002) and dioxins
(KASHIWAGI et al. 2006, OKUMURA et al. 2008).

If the datasets of mass concentrations of par-
ticulate matter components are replaced by
pigment profiles, CMB, like CHEMTAX, can be
used to estimate phytoplankton composition by
a pigment ratio approach. As CMB software
(ver. 8J0612) can be used when only few data
are available, we expected it to be suitable for
monitoring phytoplankton communities in
coastal areas in cases where there are only a
few sampling points. Here, we used the CMB
receptor model to estimate phytoplankton com-
munity composition from pigment profiles in
seawater. We then compared the results of
CMB analysis with those of CHEMTAX and
DNA sequencing, both of which have recently
been used to investigate plankton diversity
(SAVIN et al. 2004, ZEIDNER and BEJa 2004, ZHU
et al. 2005, JING et al. 2010).

2. Materials and methods
2.1. Sampling and HPLC analysis of pigments
In May 2007, a seawater sample was collected
from the ocean surface off Oginohama in
Sendai Bay, Japan (lat 38°23'N, long 141°24'E).
This area contains fertile grounds used for Pa-
cific oyster (Crassostrea gigas) aquaculture.
The 200-ml sample was filtered through a glass
fiber filter (25-mm Whatman GF/F filter,
Whatman PLC, Springfield Mill, U.K.). The
pigments were extracted from the filter for 24
h in 1 ml methanol, and the extract was centri-
fuged at 10000 X g for 10 min. After dilution of
the supernatant to 80% with distilled water in
an HPLC auto-sampler (Shimadzu, Kyoto,

Japan), the pigments were analyzed by the
method of ZAPATA et al. (2000), with a slight
modification whereby a guard column was at-
tached between the injection valve and the ana-
lytical column.

Each pigment was identified from the
retention times of pigment standards, and the
concentration was calculated from the peak
area on the chromatograph from the HPLC
diode array detector. We used eight pigment
standards: 19'-butanoyloxyfucoxanthin (But-
fuco), 19-hexanoyloxyfucoxanthin  (Hex-
fuco), chlorophyll @ (Chl-a), chlorophyll b
(Chl-b), fucoxanthin (Fuco), neoxanthin
(Neo), and peridinin (Perid) were purchased
from Wako Chemicals (Osaka, Japan) and DHI
Laboratory  (Hersholm, Denmark), and
alloxanthin (Allo) was refined by HPLC from
pigment extracts of unialgal cultures of
Rhodomonas salina CS-174 (Cryptophyceae),
purchased from CSIRO Marine Research
(Hobart, Tasmania, Australia). The concentra-
tions of standard pigments dissolved in acetone
or ethanol were calculated from the extinction
coefficients (Eiwm; L g ' cm '), as measured by
spectrophotometer (GE Healthcare Ultrospec
3000) over a 1-cm cuvette path length. The E; .,
and measurement wavelength, and the solvent
used for each pigment, were obtained from
published data (JGOFS 1994, JEFFREY et al.
1997). The concentrations of pigment stan-
dards were calculated as follows (JGOFS 1994) :

C.= (A= Asspum) /EX1000 [mg/g] ey

where C. is the pigment concentration (mg
L"), A is the absorbance maximum, Azsou 1S
the absorbance at 750nm to correct for light
scattering, and F is the extinction coefficient
(Lg'em D).

2.2. Analysis by CMB and CHEMTAX

The pigment concentrations determined by
HPLC were input into a CMB spreadsheet in
Microsoft Excel. Data for the typical pigment
ratios of each class of phytoplankton were also
input (Table 1). We selected six phytoplankton
— Phaeodactylum tricornutum (Bacillario-
phyceae), Pelagococcus subviridis (Pelago-
phyceae), Pycnococcus provasolii (Prasino-
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Table 1. Typical pigment / chlorophyll a ratios of each class of phytoplankton used in this study

Perid But—fuco Fuco Neo Hex—fuco Allo Chl b Chl a
Prasinophyceae 0.151 0.945 1.000
Bacillariophyceae 0.755 1.000
Dinophyceae 1.063 1.000
Haptophyceae 1.706 1.000
Pelagophyceae 0.368 0.974 1.000
Cryptophyceae 0.229 1.000

phyceae), Amphidinium carterae (Dino- concentration of the pigment (or, in the

phyceae), Emiliania huxleyi (Haptophyceae),
and Chroomonas salina (Cryptophyceae) and
calculated their pigment ratios from the pub-
lished data (JEFFREY and WRIGHT 1997) used
for the initial ratio matrix in the CHEMTAX
user’s manual (MACKEY et al. 1997). After in-
putting all data, we analyzed the phyto-
plankton profiles in the environmental sample
by CMB according to the CMB user’s manual
(HAYAKARI and HANAISHI 2006).

The mass environmental concentration of
pigment i (C) is shown in Equation (2) : (in
the original equation, C; is the mass concentra-
tion of component i of particulate matter) ;

D
C = Z aiJSJ L:L ..... ,n (2)
j-1

where a; is the fractional concentration of pig-
ment i of class j (in the original equation, a; is
the density of particulate matter containing
component ¢ in emissions from source j to the
receptor) ; S; is the total mass concentration
contributed by class j (originally the total
mass concentration contributed by source j) ; p
is the number of classes and n is the number of
pigments, with n = p (originally, p was the
number of sources and n was the number of
components). C; and a; are known, and S; is
found from the effective variance least-squares
solution of an over-determined system of equa-
tions.

The calculations are accompanied by an error
in the fractional concentration of the pigment
from each class (or, in the Air Pollution Con-
trol  Technology Manual [ENVIRONMENT
AGENCY, GOVERNMENT of Japan 1997], the
emission source profile data) and by an error
in the established data on the environmental

abovementioned manual, the concentration of
the component on environmental particles).
Both of these errors must be considered. The
effective variance least-squares method is
solved in Equation (2) by multiplying the con-
centration of each pigment (or, in the manual,
the concentration of each chemical) by a per-
centage weight that is proportional to the frac-
tional concentration of the pigment from each
class (or, in the manual, the precision of the
emission source profile data) and the measured
environmental concentration of each pigment
(or, in the manual, the environmental concen-
tration of each chemical component). Repeat
computations are conducted to seek S;, which
minimizes the function x* in Equation (3) :

=) v 3

Jj=

n (Ci— iair‘Sz‘)z
1

In Equation (4) V;is the effective variance :

P
V. = oc’+ Z 0aS? 4)
-1
where o¢ is the error that accompanies compo-
nent ¢, and oa; is the error that accompanies
the measurement of a;.

To evaluate whether the calculated values
were appropriate, the x*, R, and percent mass
values were also calculated by CMB. In the
CMB manual, the x’ value is the weighted sum-
of-squares of the differences between the calcu-
lated and measured fitting species concent-
rations; a value less than 1 indicates a very
good fit to the data, and values between 1 and
2 are acceptable. The R’ value is the fraction of
the variance in the measured concentrations
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that is explained by the variance in the calcu-
lated species concentrations. R’ ranges from 0
to 1.0; the closer the value is to 1.0, the better
the source contribution estimates explain the
measured concentrations. Percent mass is the
ratio of the model-calculated source contribu-
tion to the measured mass concentrations, ex-
pressed as a percentage. This ratio should equal
100%, although values ranging from 80% to
120% are acceptable (COULTER 2004, HAYAKARI
and HANAISHI 2006).

After the data for the typical pigment ratios
of each phytoplankton class were input
(Table 1), we also used CHEMTAX to analyze
the phytoplankton community profile in the
same environmental sample according to the
CHEMTAX user’s manual (MACKEY et al.
1997).

2.3. DNA sequencing and BLAST similarity
search

For DNA sequencing, a 500-ml seawater sam-
ple was filtered through a Durapore membrane
filter (diameter, 47 mm; pore size, 0.45 um; Mil-
lipore, Merck KGaA, Darmstadt, Germany).
The filter containing the sample was suspended
in 1ml of lysis buffer (20mM Tris « HCI
[pH8.0], 5mM EDTA, 0.3% (wt : vol) SDS,
200 ug/ml proteinase K). The suspension was
vortexed for 30s and then incubated at 55°C for
1 h and at 95°C for 5 min. The filter was then
removed from the lysis buffer and the liquid
phase containing nucleic acids was separated
by centrifugation at 10,000 X g for 10 min. The
supernatant diluted with distilled water was
used as a template for polymerase chain reac-
tion (PCR) analysis.

The psbA gene, which encodes polypeptide D1
of the photosystem II reaction center complex,
was amplified by PCR with the degenerate
primers PsbAF (5'-TTC GGT CAA GAA GAA
GAG ACT TA—3) and PshbAMR (5'-YTC RTG
CAT HAC YTC VAW RCC —3"), which have
specificity for many algae. Primers were se-
lected by using Primer3 software (ROzEN and
SKALETSKY 2000). PCR was performed under
the following conditions: 94°C for 10 min; 40 cy-
cles of 94°C for 30s, 55°C for 1 min, and 72°C for
1 min; and a final step at 72°C for 7 min.

After PCR amplification, the PCR products

were purified with a High Pure PCR Cleanup
Micro Kit (RocHE Diagnostics, Germany).
The purified products were cloned by DyNA-
ExprESs TA PCR Cloning Kit (BIoDYNAMICS
LABORATORY INC., Tokyo, Japan). After col-
ony-direct PCR (30 cycles of 98°C for 10 s, then
annealing and extension at 68°C for 1min)
with the universal primers MI13P7 (5-CGC
CAG GGT TTT CCC AGT CAC GAC—3") and
M13P8 (5-AGC GGA TAA CAA TTT CAC
ACA GGA AAC—3'), colonies containing in-
serts were identified by agarose gel electropho-
resis. After purification of the PCR products of
the insert colonies using ExoSAP-IT (GE
HEALTHCARE, England), DNA sequencing was
performed with a DYEnamic ET Terminator
Cycle Sequencing Kit (GE HEALTHCARE) by us-
ing the primer M13P8 on an automated ABI
3100 DNA sequencer (APPLIED BIOSYSTEMS
USA). Sequences were then aligned by using
phred/phrap/consed software (EWING et al.
1998, GORDON et al. 1998, Sarro 2009) and
phytoplankton species were identified from se-
quences aligned by using BLAST.

3. Results and discussion
3.1. Measured pigment concentrations and
concentrations calculated by the CMB
model
We compared measured and calculated pig-
ment concentrations (Fig. 1). Measured pig-
ment concentrations were in the order Chl-a >
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Fig. 1. Comparison of measured and calculated pig-
ment concentrations in a seawater sample from
Sendai Bay, Japan. Error bars were calculated
by assuming a 5% error in the measured concen-
trations.
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Fig. 2. Relative contributions of six phytoplankton classes to total chlorophyll a in a sample of seawater
from Sendai Bay, Japan, as calculated by CMB and CHEMTAX.

Fuco > Chl-b. Hex-fuco, Perid, Allo, But-fuco,
and Neo were at the same low level as Chl-b.
The calculated concentration of each pigment
was consistent with the measured concentra-
tion. The X, R?, and percent mass values calcu-
lated by CMB were 0.62, 0.99, and 101.6%,
respectively. We consider that these three val-
ues indicate the validity of the class contribu-
tion estimates.

Chl-a, which is in all phytoplankton, usually
has the highest concentration of all pigments
detected in environmental samples (WRIGHT et
al. 1991, ZAPATA et al. 2000), as it did in this
study. Fucoxanthin, which is found in the
Bacillariophyceae and Pelagophyceae (JEFFREY
and WRIGHT 1997), was also detected at high
concentrations. Our pigment profiles are there-
fore similar to those reported elsewhere
(WRIGHT et al. 1991, ZAPATA et al. 2000).

3.2. Comparison between CMB and CHEMTAX

We compared the relative contributions of
six phytoplankton classes to total chlorophyll
a calculated by CMB and CHEMTAX (Fig. 2).
Both approaches indicated that the relative
abundance of the Bacillariophyceae was high-
est, followed in descending order by
Prasinophyceae = Cryptophyceae = Hapto-
phyceae = Pelagophyceae = Dinophyceae. The
results of the CMB and CHEMTAX analyses

were similar. The Bacillariophyceae accounted
for about 65% (CMB) or 64% (CHEMTAX)
of all phytoplankton (Fig. 2). The proportions
of Prasinophyceae, Cryptophyceae, Hapto-
phyceae, Pelagophyceae, and Dinophyceae were
about 11%, 8%, 6%, 5%, and 5% (both CMB
and CHEMTAX), respectively. In Sendai Bay,
the Bacillariophyceae outnumber the Dino-
phyceae in all seasons (IlJiMA et al. 2004) ;
therefore, we believe that the phytoplankton
community composition determined in this
study is characteristic of that in Sendai Bay.

The pigment concentrations in phytoplank-
ton are known to vary with environmental con-
ditions such as light and nutrient conditions,
and among species or strains within the same
class (MACKEY et al. 1998, SCHLUTER et al. 2000,
LIONARD et al. 2008). As the change of the pig-
ment : chlorophyll a ratios of phytoplankton
accompanying environmental conditions are
reflected in the CMB analyses, we anticipate
that CMB is a useful tool for investigating
phytoplankton composition in the environ-
ment.

3.3. DNA sequencing and BLAST similarity
search
The BLAST search showed that many of the
psbA gene DNA sequences were highly similar
to those of the Bacillariophyceae (Table 2).
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Table 2. Results of a BLAST search of DNA partial sequences from water samples from Sendai Bay

. C . . Ratio of each
. Sequences producing significant alignment Identity Number of .
Phylogenetic group . . phylogenetic group
(GenBank accession no.) (%) aligned reads
(%)
Bacillariophytceae | Odontella sinensis (Z67753) 268/285 (94%) 12 63.6
Thalassiosira pseudonana (EF067921) | 256/260 (98%) 2
Haptophyceae Isochrysis sp. (AY119753) 271/282 (96%) 1 13.6
Emiliania huxleyi (AYT741371) 243/255 (95%) 1
Phaceocystis antarctica (AY119756) 232/241 (96%) 1
Prasinophyceae Ostreococcus sp. (EU851961) 272/278 (97%) 1 9.1
Micromonas pusilla (FJ858269) 278/285 (97%) 1
Rhizaria Paulinella chromatophora (DQ789030) | 184/215 (85%) 3 13.6
Bacillariophyceae sequences accounted for Hanaisar (Aomori Prefectural Institute of

about 64% of all phytoplankton. This propor-
tion is close to the values obtained by CMB
(65%) and CHEMTAX (64%). Within the
Bacillariophyceae, Odontella sinensis was sig-
nificantly aligned by BLAST. Odontella spp.
are frequently observed in the coastal zones of
the Tohoku region of Honshu, Japan (TAKANO
1990) ; our results are consistent with these ob-
servations. The results of the BLAST search
for similar DNA sequences suggest that the
Haptophyte species were Isochrysis sp.,
Emiliania huxleyi and Phaeocystis antarctica,
and the Prasinophytes were Ostreococcus sp.,
Micromonas pusilla and Rhizaria was Paul-
inella chromatophora. Although we did not de-
tect any Cryptophyceae, Pelagophyceae or
Dinophyceae DNA sequences, the pigments
characteristic of these phylogenetic groups in-
dicate that they accounted for 5.0% to 8.4% of
the total phytoplankton, as determined by
CMB and CHEMTAX. If more DNA sequences
are available, it should be possible to detect the
DNA sequences of these classes. Although the
bias of PCR frequently adds uncertainty to the
quantification of organisms (Digz 2001), our
DNA sequencing results were roughly similar
to those of CMB and CHEMTAX. As more re-
sults of CMB analysis accumulate, CMB will
become an easy-to-use tool for investigating
natural phytoplankton community composi-
tion.
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Seasonal variation of the sea level difference
between Kushimoto and Uragami tide-gauge stations

Toru NAKAMURA", Yoichi MAEKAWA", Keiko NakazaTO". Takashi KOIKE?,
Junichi TAkgucH!”, and Yutaka NaGgaTa”

Abstract : Sea level difference between Kushimoto and Uragami tide—gauge stations has been
used as an indicator of flow pattern in the sea south of Japan: the difference is small when the
Kuroshio has meandering path and is large when it has straight path. The difference exhibits
seasonal variation, and it becomes large in the summer season in the years when the Kuroshio
takes straight path throughout year as in 2003 and in 2009. We analyzed the sea level data of
Kushimoto and Uragami tide-gauge stations for 17years from 1994 through 2010. It is shown
that the Kuroshio takes straight path when the separation distance of the northern edge of the
Kuroshio is smaller than 15km from the tip of Cape Shionomisaki. The sea level difference data
were selected only for the time that the separation distance is smaller than 15km, and the aver-
age sea level for 17years are calculated. Significant seasonal variation can be seen in the aver-
aged sea level difference curve. However, the seasonal variation is not so clear in comparison
with cases in 2003 and 2009. The sea level changes at Kushimoto and Uragami tide-gauge sta-
tions were investigated for the years of 2003 and 2009. Both of the sea levels tend to rise in sum-
mer time, but the magnitude of the rise at Kushimoto is considerably larger than that at
Uragami. MAEKAWA et al. (2011) showed that the water off the Kushimoto tide-gauge station
is originated to the surface water of the current zone of the Kuroshio, when the Kuroshio takes
straight pass.. Thus, the main cause of seasonal variation of the sea level difference would be
sought for seasonal warming of the surface water of the Kuroshio area. The water would be
brought from upstream (southern) area of the Kuroshio, and would be heated much more
than surface water in Kumano—nada in summer season.

Keywords : Sea level difference between Kushimoto and Uragami, seasonal variation, intrusion
of the Kuroshio Water off the southwest coast of Kii Peninsula, water off Kumano
-nada
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Fig. 1 The distance (upper figure in km) between the northern edge of the Kuroshio and the tip of Cape
Shionomisaki, and the sea level difference (lower figure in cm) between Kushimoto and Uragami tide gauge
stations in 2003. The sea level differences are shown with solid circles when the separation distance is shorter
than 15km, and with open circles when the separation distance is longer than 15km.
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Fig. 3 The sea level difference between Kushimoto and Uragami when the separation distance of the
northern edge of the Kuroshio is less than 15km from the tip of Shionomisaki from 1994 to 2010.
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Fig. 5 Variation of the sea level difference averaged for each ten days: (upper figure) for
the case that the separation distance of the northern edge of the Kuroshio is less than
15km from the tip of Shionomisaki, (middle figure) for the case the separation distance
is from 15km through 30km, (lower figure) for the case the separation distance is larger
than 30.1km. The vertical lines attached to data points indicate error bars.

WLUTEDHEERL TS (EOfHITEAM DK
PO D IKAL K O &N &2 KT ), RIT
WIRIE W72 1 HEO O th 1 3 b
REIMRBIN S, 11 AMOBEIFEE & > 7o
b Fig. 4 IR LTH DM, ZOBHEHIZL-
T, fIDLWIRENZIZIERAN TS, WIHITE
&, 8~9 HuEA L& LTKMENKEL LS
ZRHIZALIT A O i I IARE ICBIN T 5, 11
HEOBEFEAEEEZ EICL-T, RAL—XNK
st onzZ &Ens, UTokiTE, 1H
HoFETIENE L, 20 11 HE OB E)FE1H,
T3PS A RRICERT A2 EITT B,

2-2 BEMIKNZEDEEHEH & BB

APEE AR 5124720, KROH TR, 1~10
H% k4], 11~20 HA29¥4), 21~31 H&x Ta &
TEL, 2HEZBRNOATE, ZhiTLTE
)% 21~30 HEEFK Lo 2 HIZOWWTIE 1~10
HzEflET20EEDY LN, 11~19 H%E

maEIEL, 20H2S 28H, 30329 HET
ETRIEEFH Ui, COERIHE-T, BA -l
P OIKALZED A AFHE L TR Licon
Fig. 5 TH %, 1994 F» 5 2010 £ F TO 17
MoOTF—5 o, SR E#E% 15.0km HLA
(EBRD, 15.1~380.0km (hD, 30.1km LLE CF
K) ®3 20T ONTR Uz, 72720, T
W20 TOF—25iE, 3 20EEITONT,
NI D#E-TED, 15.0km UNOERH
B 57.3%, 15.1~30.0km @ Z h A8 23.4%,
30.1km Y D Zh 3 19.3%TH 5,

Fig. 5 IT3 & st BAIZ 0 U THEHER 2% o 2 HErs
TRLTHBEH, Fig. 3IThoN b X HITELE
BN KE Wi, BEEREZEOHEIEINTD K& -
TWd, INS0FHMEOIh#E RS &,
15.0km UINOHGIcD A, 9HEEE—27 &L
T, BINTKNZENKE L 22 BHE LD 5
ZENTES, TOEIF, BEIITKMZENKX
I 381%0%, BWNEAERZEZ SO, WO RE



82 La mer 50, 2012

Sea Level (cm)

Sea Level Diff. (cm)

Jan. Feb. Mar. Apr.

May Jun.

Jul. Aug. Sep. Oct. Nov. Dec.

Fig. 6 Variations of the sea level at Kushimoto (solid circle) and at Uragami (open circle) are shown
in upper figure in 2003. Sea level difference between two stations is shown in lower figure.
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Fig. 7 Same as in Fig 6 except for in 2009.
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Ontogenetic habitat shift in yearling surfperch
Ditrema temmincki pacificum from a seagrass bed to a
seaweed bed at Tateyama, central Japan.

Kiyoshi YOSHINAGA

Abstract : To confirm ontogenetic migration in yearling surfperch Ditrema temmincki
pacificum from a seagrass bed to a seaweed bed, fish censuses were carried out in both beds us-
ing SCUBA from February to November in 2002 to 2004 at Tateyama, Chiba Prefecture, central
Japan. Newborn fish were most numerous in the seagrass bed in May, yearling density tending
to be greater in the seaweed bed than in the former in August. A mark-release experiment con-
ducted in the seagrass bed in May and June, 2005, in which yearlings were marked by clipping
the operculum before release to the capture site, indicated that individuals were still present at
the site a month later. However, marked fish appeared in the seaweed bed in July to September,
being absent from the seagrass bed in August and September, demonstrating that D.
temmincki pacificum yearlings moved from the seagrass bed to the seaweed bed with growth.

Keywords : Ditrema temmincki pacificum, habitat shift, seagrass bed, seaweed bed
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Fig. 1. Map of the study site at Hasama, Tateyama, showing the seagrass and sea-
weed beds in which underwater observations were conducted. X, collection and
release site for yearlings in the mark-release experiment.
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Fig. 2. Mean number of Ditrema temminckii pacificum yearlings observed per transect (50m’ n
=5) in the seagrass and seaweed beds in each month from 2002 to 2004. Vertical bars indi-
cate standard deviation. Asterisked horizontal bars indicate significant differences in year-
ling densities (*p < 0.05, **p < 0.01). ¥, not observed.
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Table 1. Mean number (* standard deviation, n=3)
of marked yearlings per transect (480m?)
in the seagrass and seaweed beds in 2005

Date Seagrass bed Seaweed bed
25 June 0.67£0.58 0
3 July 0.33%0.58 0.33%0.58
17 July 0 0
1 August 0 0.67%0.58
20 August 0 0
28 August 0 0
3 September 0 0.33£0.58
11 September 0 0.33%0.58
23 September 0 0.33£0.58
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