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Effects of physical environment on material cycle in
Akkeshi Lake

—focused on the role of eelgrass and the Manila clam-—
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Akkeshi Lake is a typical subarctic estuary located in Hokkaido, Japan;
it is covered with eelgrass, specifically Zostera marina. The Manila clam,
Ruditapes philippinarum, is cultured in sandy sediments at the shallow
and intertidal flat near the mouth of the lake.

To estimate the particulate organic carbon (POC) flux of various sources,
including eelgrass, flowing out from Akkeshi Lake to Akkeshi Bay and to
evaluate the role of eelgrass in carbon transport, a three dimensional
ecosystem model was developed by coupling a physical model with a
biochemical model. The physical model used a three dimensional
numerical ocean model, the Princeton Ocean Model, adding atmospheric,
riverine and tidal forcing. The biochemical model included phytoplankton,
zooplankton, dissolved inorganic matter (DIM), dissolved organic matter
(DOM), particulate organic matter (POM), eelgrass, epiphytic algae,
oysters and the Manila clam, and POM was separated into eight classes
according to its sources. Eelgrass and epiphytic algae are the most
important sources of POC in Akkeshi Lake, especially in the litterfall
season. The total POC inflow/outflow quantities to/from Akkeshi Lake
during nine months from April to December is -4648 tons; according to its
sources, -4414 tons (outflow) are from eelgrass and epiphytic algae; -551
tons (outflow) are associated with from oysters and the Manila clam; 145
tons (inflow) are from phytoplankton and zooplankton; 383 tons (inflow)
come from outside (i.e., open sea); and -211 tons (outflow) are from river.
The outflow quantity of POC derived from eelgrass and epiphytic algae is
32 % of primary production of eelgrass and epiphytic algae. The total POC
production in the lake is approximately 75546 tons; 89 % is from eelgrass
and epiphytic algae; 7 % is from oysters and the Manila clam; 3 % is from
phytoplankton and zooplankton; and 1 % is from river. This indicates that
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the main source of the POC produced in the lake is eelgrass and epiphytic
algae. Of the POC produced in Akkeshi Lake, 6 % (4648 tons) flows out to
Akkeshi Bay. Furthermore, 35 % (26578 tons) of the POC produced in the
lake decomposes into dissolved carbon, and 27 % (20326 tons) settles to the
bottom.

To evaluate quantitatively effects of environmental facts such as water
temperature and food availability on the growth of the Manila clam in the
lake, a bioenergetics model for the Manila clam was coupled with the
three-dimensional ecosystem model. The growth of the Manila clam is
limited by water temperature and food availability. The Manila clam
grows up to 1.33 g dry weight ind.'! at the lake mouth (station A) for five
years, whereas it grows up to 1.00 g dry weight ind.! at the lake center
(station B). The difference in the biomass of the Manila clam between two
stations is due to the difference in food availability. To estimate the
responses of the Manila clam growth and its food sources to global
warming in the lake, the model was run under the global warming
condition. For the global warming condition, the water temperature was
increased by 2 °C at the open boundary for all computational period.
Under the global warming condition, the limitation of water temperature
to the Manila clam is relaxed with water temperature increase. The
Manila clam grows up to 1.55 g dry weight ind.?! at station A and 1.10 g
dry weight ind."! at station B. While the growth of the Manila clam is
improved in the lake under the global warming condition, its food sources,
especially phytoplankton, decreases because of the increases of ingestion
by grazer such as zooplankton and the Manila clam.
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Effects of physical environment on material cycle in
Akkeshi Lake

—focused on the role of eelgrass and the Manila clam—
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