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Summary

Recently more attentions have been paid on the mechanisms how the freshwater (including surface
and submarine ground waters) contribute to the high productivity and species diversity of the coastal
ecosystems. Submarine ground water is nutritionally rich and stable in temperature throughout the
year, indicating positive effects on fishery production and species diversity under a variety of changes
in environmental conditions including global warming. We conducted physical and biological surveys
in temperate coastal waters in Japan in order to examine effects of submarine groundwater on
productivity and species diversity of fishery resources. Relationships between physical (temperature,
salinity and radon concentration) and biological parameters (abundance, biomass and species
diversity of fish, crustaceans and polychaetes) were investigated. Significant increase in abundance
and number of species of fishes and some invertebrate species were observed, indicating that
submarine groundwater promotes biological production and species diversity in coastal ecosystems.
The dependence of food webs on organic matters of terrestrial origin was examined by stomach
contents and stable isotope analyses. Possible effects of climatic changes (including the global
warming) through spatio-temporal variability in submarine groundwater discharge on the
productivity and species diversity in coastal ecosystems are predicted based on optimum growth
temperature and species interactions.

Introduction

Freshwater provided from the terrestrial area to coastal area can largely be divided into surface water
(river water) and groundwater. There have been far more studies on how the variability in surface
water affects fishery production in aquatic ecosystems while less information has been accumulated
on the mechanisms of how the groundwater supply works affects the production process (Miller and
Ullman 2004; Sanders Jr. et al, 2011). In several recent studies, groundwater discharge has been
estimated to approximate or even exceed 50% of the total volume of freshwater that is provided into a
bay (Valiela et al., 1990). In addition, in a temperate bay, a high contribution (ca. 65% of total) of
nutrients was concluded to have been provided through submarine groundwater to total (provided
through all freshwater) is indicated since submarine groundwater is more abundant in nutrients,
especially phosphorus. High levels of submarine groundwater seepage have been shown to
correspond with elevated primary production in various coastal waters of the world. To date,
however, there is still limited information on the effects of submarine groundwater on higher trophic
levels such as secondary consumers. In the present study, sampling for juvenile marbled sole coupled
with surveys of environmental conditions were conducted in order to 1) specify an area with
submarine groundwater seepage, 2) to examine if the spatial distribution of juvenile marbled sole
corresponds with that of the submarine groundwater seepage and 3) evaluate the developmental
change in contribution of nutrients of terrestrial origin to the juvenile production through analyses of
juvenile stomach contents and stable isotope ratios.

Materials and Methods



Physical and biological surveys were conducted in shallow waters off Takehara City, Hiroshima,
southwest part of Japan. Kamo River runs southward into the Seto Inland Sea. In order to detect
submarine groundwater seepage, spatial variability of Radon-222 (*?Rn) concentration was
investigated in the survey area on 24 Sep 2013 and 23 May 2014 Temperature and salinity were
simultaneously measured with 30 second intervals using the conductivity and temperature logger.

Results and Discussion

High 2?Rn concentration was observed in the western parts of the survey area on 24 Sep 2013 and
southwest part on 23 May 2014. The 2?Rn concentrations around the river mouth of the Kamo River
were lower than those in areas with the western and southwest parts in both years. There was a
significant effect of sampling date on the mean water temperature on each sampling date. The range
of water temperature among sampling sites within a day was largest on 30 April (1.9°C). Variability in
salinity within the same sampling date was larger than the seasonal variability in mean salinity. The
lowest salinity was observed at the second most offshore sampling site due to high precipitation on
the day before sampling. The effect of sampling date on the mean salinity was not significant. Overall,
salinity was lowest at either of the two most offshore sampling sites.

Mean abundance (by sampling location) of marbled sole juveniles was highest at the second most
offshore sampling station. All marbled sole juveniles analysed for their stomach contents had fed. The
dominant prey items were polychaetes, cumaceans and gammarids in both 2013 and 2014. In 2013,
polychaetes were the most dominant in stomachs for all juvenile length classes. In 2014, cumaceans,
polychaetes and gammarids were the most dominant in stomachs of juveniles at 10-20 mm, 20-30 and
40-50 mm, and 30-40 mm length classes, respectively.

Mean 6%C of marbled sole juveniles of each length class ranged between -17.0 (40-50 mm) and -14.1
(20-30 mm) %o. The 6°C of juvenile marbled sole in the 40-50 mm length class was significantly
smaller than those of the larger length classes. The mean 0N ranged between 10.2 (40-50 mm) and
10.8 (20-30 mm) %o with a smaller variability compared to that of the mean 63C. The effect of juvenile
body length on the 6N was not significant. The low 0%C in juvenile marbled sole at 40-50 mm
indicates a high contribution of the nutrients of terrestrial origin to production of juvenile marbled
sole at the post-settlement stage (one to three months after settlement) when they mainly feed on
small crustaceans.

Horizontal distribution of the major prey organisms for juvenile marbled sole were bimodal, with
high abundances at the nearshore and offshore sampling stations. Mean abundance of polychaetes
and gammarids were highest at the most offshore station and that of cumaceans was at the most
nearshore station. Only for abundance of gammarids there was a significant negative effect of salinity
observed.

Elevated primary production around the area of submarine groundwater seepage is suggested to
support juvenile marbled sole production especially during the post-settlement stage since submarine
groundwater includes much organic and inorganic matters of terrestrial origin than sea water does.
Small crustaceans are an important food resource for juvenile marbled sole and connect the juveniles
with primary producers in the trophic flow around the area with submarine groundwater seepage.
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