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Costal marine waters and especially embayments throughout the world are
under constant and increasing environmental stress, and therefore need constant
monitoring for the proper coastal management. Ariake Bay is the Kyushu Island’s
largest bay and has the largest tidal flat area in Japan. Its inner part presents the
highest tid‘al range from Japan, and the strong current caused high turbidity water
by resuspended sediment particles. The bay is utilized for various activities as
fisheries, clam extraction and “nori” (Porphyra tenera) culture. This bay is also
known to present a number of endemic species, some of these are considered as
continental relict species. However since the 1990s it have suffered decline on the
fish and shellfish productions, and more recently red tides that damaged the

seaweed production.

The aim of the present study is to investigate the spatial and temporal
distribution patterns of copepods in Ariake Bay, because copepods are the main
component of zooplankton as well as useful indicator organisms for environments.
The thesis is divided into two main parts each presented in Chapters 2 and 3,
respéctively.

The goal of Chapter 2 entitled “Characteristics and regional classification of
copepod community in Ariake Bay with note on comparison with three decades
ago” is to determine the characteristics and regional classification of the copepod
community in the whole Ariake Bay. To accomplish this goal, a plankton survey
was carried out throughout Ariake Bay in March 2009 (Fig. 1), with vertical tows
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of a 0.1-mm mesh plankton net, along with measurement of temperature, salinity and
transparency. The copepod community distributions obtained by the present survey
and the past ones made during different season of October 2004 and 2005 by Monde
(2006), were analyzed in relation to environmental conditions. Discussion is made on
the comparison with other bays to clarify the characteristics of the copepod community
in Ariake Bay, and also with the 1970s studies (Hirota 1974, 1977, 1979) to evaluate
the long-term change. The results of analysis and discussion are as follows.
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(1) The dominant copepods in Ariake Bay L
were Oithona davisae in January and v . dpae
March but Microsetella norvegica e
in October (Table 2.1).

N 33°00- o5 Y S
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(2) The population of O. davisae was N :
concentrated in the inner and middle N 32°50: \ lsahaya Dike wade s
regions in January (Fig. 2.3e) and SE i

innermost region in March (Fig. 2.3i). a5 -6

In contrast, the subdominant species M. N 32°40:

norvegica and Paracalanus parvus s.|. 9

Mouth .2g

were distributed more abundantly in the

=21

middle and mouth regions than in the inner oo e e
region in January (Fig. 2.3f-h).

(3) Cluster analysis revealed that the copepod communities from the three
cruises were divided into two groups, which covered the warmer
(October) and colder (January and March) seasons, respectively (Fig.
2.4).

(4) The copepod communities from each cruise were clustered into two
groups covering generally the inner to eastern-middle region and the
western-middie to mouth region, respectively (Fig. 2.5).

(5) The SIMPER analysis using PRIMER™ indicated that O. davisae, M.
norvegica and/or Acartia omorii were the main contributors to the
dissimilarities between the clustered groups.

(6) The BIOENV analysis indicated that in October and January
transparency was the most highly correlated environmental parameter
with the copepod community (Fig. 2.6).

(7) Comparing with similar sized, eutrophic Tokyo and Osaka Bays,
Ariake Bay differs from Tokyo Bay in the dominance M. norvegica,
which is less abundant in Tokyo Bay, and from Osaka Bay in high

2
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abundance of O. davisae even in winter.

(8) he present results of the dominant copepod distributions and those of clustering analysis were
similar to those analyzed on the data three decades ago, suggesting that the copepod
community in Ariake Bay has not notably changed during the last three decades regardless of
the environmental degradation for recent decades.

(9) Cluster analysis revealed that the copepod communities from the three cruises were divided
into two groups, which covered the warmer (October) and colder (January and March)
seasons, respectively.

(10) The copepod communities from each cruise were clustered into two groups covering generally
the inner to eastern-middle region and the western-middle to mouth region, respectively (Fig.
2.5).

(11) The SIMPER analysis using PRIMER™ indicated that O. davisae, M. norvegica and/or
Acartia omorii were the main contributors to the dissimilarities between the clustered groups.

(12) The BIOENYV analysis indicated that in October and January transparency was the most highly
correlated environmental parameter with the copepod community (Fig. 2.6).

(13) Comparing with similar sized, eutrophic Tokyo and Osaka Bays, Ariake Bay differs from Tokyo
Bay in the dominance M. norvegica, which is less abundant in Tokyo Bay, and from Osaka
Bay in high abundance of O. davisae even in winter.

(14) The present results of the dominant copepod distributions and those of clustering analysis
were similar to those analyzed on the data three decades ago (Figs. 2.7 and 2.8), suggesting
that the copepod community in Ariake Bay has not notably changed during the last three
decades regardless of the environmental degradation for recent decades.

(15) Cluster analysis revealed that the copepod communities from the three cruises

were divided into two groups, which covered the warmer (October) and colder (January and
March) seasons, respectively (Fig. 2.4).

16) The copepod communities from each cruise were clustered into two groups covering generally
the inner to eastern-middle region and the western-middle to mouth region, respectively (Fig.
2.5).

(17) The SIMPER analysis using PRIMER™ indicated that O. davisae, M. norvegica and/or Acartia

omorii were the main contributors to the dissimilarities between the clustered groups.

(18) The BIOENV analysis indicated that in October and January transparency was the most

highly correlated environmental parameter with the copepod community (Fig. 2.6).

(19) Comparing with similar sized, eutrophic Tokyo and Osaka Bays,Ariake Bay differs from Tokyo

Bay in the dominance M. norvegica, which is less abundant in Tokyo Bay, and from Osaka Bay in

high abundance of O. davisae even in winter.
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(20)The present results of the dominant copepod distributions and those of clustering analysis
were similar to those analyzed on the data three decades ago (Figs. 2.7 and 2.8), suggesting that
the copepod community in Ariake Bay has not notably changed during the last three decades
regardless of the environmental degradation for recent decades.

The goal of Chapter 3 entitled “Seasonal and interannual changes of copepod community in the
innermost part of Ariake Bay from 2002 to 2010” is to know the temporal (seasonal and
interannual) characteristics of copepod community in the inner part, which is characterized by
turbid water and serves as the Japan’s biggest nori farming ground. For this purpose, monthly
net-plankton samples, which were taken from eight stations in the inner part from March 2005 to
March 2010 by the Saga Prefectural Ariake Fisheries Research and Development Center, were
examined, and the eight-year data on copepod community since 2002, including Monde’s (2003
and 2006) three-year data from March 2002 to February 2005, were analyzed in relation to
environmental parameters. Analysis for seasonal and interannual variations of copepods in
Ariake Bay is made for the first time by the present study. The results of the analysis and
discussion are as follows.

(1) Oithona davisae was the almost exclusively dominant throughout the year with the mean
density (242.2 ind. L™") in all samples comprising 81.4% of total copepods (Table 3.1). The
other abundant copepods were Parvocalanus crassirostris (6.0%), Microsetella norvegica
(5.6%), Paracalanus parvus s.l. (2.3%) and Acartia omorii (2.2%).

(2) Oithona davisae was very abundant from June to August, generally with the highest
abundance in July (Fig. 3.17), and its monthly mean density was often beyond 1000 ind. L-1.

(3) Seasonal high abundances of the subdominant copepods were seen from July to September
for Parvo. crassirostris (Fig. 3.18), from August to September for M. norvegica (Fig. 3.19), and
Acartia omorii from March to May (Fig. 3.21). Para. parvus s.. did not show remarkable
seasonal variation but the most abundant in May (Fig. 3.20).

(4) Interannual variability of the copepod density was analyzed using the mean density of each
fiscal-year. The highest mean density was observed in 2007 for Oithona davisae, Parvo.
crassirostris and Para. parvus s.l., but in 2009 for M. norvegica and 2008 for A. omorii (Figs.
3.23 and 3.24).

(5) Clustering analysis using the monthly mean data revealed that the copepod community was
divided into three seasonal communities, viz. colder, early-warmer and late-warmer season
communities (Figs. 3.25 and 3.26). The month when the colder season community was
replaced by the early-warmer season community became earlier in the year since 2003.
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(6) Pearson’s correlation coefficients between the copepod density and environmental
parameters were examined. Oithona davisae and Parvo. crassirostris exhibited
significant positive relationship with temperature, nutrients (DIN, NO) and chlorophyll-a.
Comparing with this, A. omorii showed the reversal relationship with these parameters.

(7) No notable significant relationship was detected between interannual variations of
copepods and parameters.

(8) However, significant correlations of the annual O. davisae density were found negatively
with diatom red tides during the summer and positively with the density of chaetognaths.
This suggests harmful effects of diatom blooms and supportive effects of chaetognaths
by reducing competitive copepods.

(9) The annual mean density of O. davisae was seemingly correlated positively with both
winter and summer temperature. This suggests that temperature during not only
summer but also winter, when O. davisae maintains the population for the next season,
may be an important factor affecting their population density in summer.
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