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Community structure and function in
two freshwater lakes under anthropogenic stressors:
some potential recovery options
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This thesis documented how the ecosystem structures are functioning under stressors of: (a)
non-native species in Lake Kawahara-oike in western Nagasaki and (b) fishing in Lake Toya in:
southern Hokkaido by using empirically-based whole food web modeling approach: Ecopath with
Ecosim (EwE). Each of the case study examples includes predicted ecological direction that
occurring from pressure of each stressors and how those might fundamentally altering the
biological communities. The study also includes some preliminary attempts to scrutinize the
anthropogenic variables (fishing) in order to explain the indicated shifts and determine whether
these changed states might persist within Lake.

Firstly, I developed an Ecopath model for a lake invaded by largemouth bass (Micropterus
salmoides) and bluegill (Lepomis macrochirus). The main goal of this study was to explore
community wide effects and to identify the role played by the alien species with special emphasis
on trophic interactions. The model was developed for a small lake (Kawahara-oike) located in
Nagasaki of western Japan. The model encompasses total 11 functional groups. The majority of
input parameters were obtained from the data observed directly in the lake while a few data were
taken from published reports.

Primary producer and detritus are located at the base of the food web while largemouth bass is
in the top of the food web but contribute relatively very low biomass (0.012 t km™) in the system.
Most of total system biomass was found between trophic level TL (II) and trophic level TL (III).
Maximum trophic transfer efficiency was observed at trophic level TL II. Trophic transfer
efficiency in Lake Kawahara-oike was found to be nearly zero in higher trophic levels. Largemouth
bass and bluegill were of low to negligible importance in terms of the size of energy flow between
the compartments. Total primary production to respiration ratio was 0.967 and total primary
production to biomass ratio was 15.49t km? year .. Largemouth bass severely affected the
population of gobies (Tridentiger obscurus and Rhinogobius giurinus) bluegill and prawn. Insects
and some other fish species were found to be affected by bass while stone moroko (Pseudorasbora
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parva) had null impact on other groups in the system. Results of present study suggest that lower
trophic levels have significant positive impacts on other groups in the system indicating
"bottom-up" control of the food web. Result indicates virtual maturity of the lake system that lacks
enough strength in reserve. My results also suggest that existing food web structure that primarily
developed from the emergence of the aliens in the lake has significantly contributing to drastic
decline of the native population particularly the goby population that might also affect community
maturity.

Secondly, a balanced model of the Lake Toya was constructed with a goal to illustrate a broad
general synthesis of a multi-species analysis and function in the lake ecosystem where the status of
the lacustrine sockeye salmon (Oncofhynchus nerka) population is in a critical state. The biomass
estimates of commercial species were based on scientific survey carried out by Lake Toya Research
Station during 1988 to 1999 and an angling survey carried out during 1998 -2004 except for 2000.
Production/biomass and consumption/biomass ratios for commercial species were obtained from
empirical relationship while a few input parameters were also adapted from literature.

Total fish biomass was 0.1674 t km™ that mainly represents trophic levels 3 and 4 with a very
low trophic transfer efficiency indicating virtual food limitation in the ecosystem. In terms of
biomass, the ecosystem was dominated by the Japanese smelt (a small pelagic fish) indicating the
possible wasp-waist predator-prey interaction. The food web was mainly based on detritus while
primary producers played a less significant role. Ecosystem indicators suggested that the ecosystem
is still immature but nearly at mature stage. Juvenile lacustrine sockeye salmon and J apanese smelt
have a high degree of feeding specialization apparently predicting their food competition on a
single trophic level. Observed negative impact of lacustrine sockeye salmon and Japanese smelt on
themselves clearly showing existence of within-group competition. Simulation revealed that
reduced fishing pressure requires applying on lacustrine sockeye salmon if their current biomass is
to increase for achieving sustainable harvest in the lake.

The largest and far-reaching effects were predicted to follow from changes to the input
parameters of largemouth bass and bluegills for the Lake Kawahara-oike and masu salmon and
sockeye salmon for the Lake Toya during sensitivity analysis included in EwE. Such impacts on the
output parameters during sensitivity analysis are acceptable for these modeling studies since the
input parameters of these groups had been most reliably estimated.

Finally, I conclude that the Lake Kawahara-oike has zooplankton and benthic insect based
food chain, where almost all the biomass is concentrated in the first three levels with low transfer
efficiencies among trophic levels. Whereas the Lake Toya has mainly detritus based food chain
where the ecosystem is descend of phytoplankton that dominated by the Japanese smelt and the
ecosystem is very much food limited. The analysis showed the existence of predatory-pray
relationship is “bottom-up” for the Lake Kawahara-oike and “wasp-waist” for the Lake Toya. The
determination of “ecosystem maturity” is a complicated process but several parameters indicate that
it might reach high level for both lakes. The result of my simulation through fishing induced
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changes has also suggests that reversal to previous ecological state is highly unlikely for the Lake
Kawahara-oike though it is likely for the Lake Toya.

It is expected that the development of a model for the bigger lakes with similar environmental
and ecological conditions will be greatly facilitated by my models developed for the present lakes.

-
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two freshwater lakes under anthropogenic stressors:
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