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Mathematical Model and Application for Aquatics Movements based on Boltzmann Equation
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The aquatic animals are the indispensable elements of the ecological environment in the
natural rivers and lakes. For the past decades, thousands of hydraulic buildings have been
constructed, which altered the river lake relationship and significantly affectly the
aquatic animals. Migratory and semi migratory animals have been blocked downstream the
dams. The gene exchanges between species have reduced, alone with the biodiversity. The
channel closures caused by the hydraulic buildings have also changed the hydrologic
conditions of the adjacent regions. The original habitats of the aquatic animals dispearred
and new ones emerged, which has greatly impacted the ecological system of water
environment. Plenty of movement models and habitat evaluation models have been developed
to solve the above issues. However, most of the previous movement models are built on the
Lagrangian framework with empirical basis and huge amount of computational work, which
can be hardly applied on simulating the movment procedure in the entire basin of a river,
as well as the habitat condition of the auqtic animals, while the previous habitat
evaluation models are mostly generated from the statistic data and lack of studies on the
behavior performance of the aquatic animals. In this paper, the individual behaviors of
the aquatic animals were anyalyzed, as well as the stress states of the individuals’

swimming behavior. Noticing that aquatic animals can be treated as particles compared with
the size of the computational grids, the souce items of the Boltzmaan equation was deformed
so that the distribution function of the simulated aquatic animals was obtained. The
distribution fuction has connection with the environmental variables such as flow velocity,

angles between the object’ s orientation and flow direction, water depth, water temperature,

substrate and sediment concentration, as well as the specie related variables such as




wetted area, capabilities to sense the flow alteration and resist flow drags. The movement
model built on the distribution function is able to reflect the velocity, depth and
temperature preferences of the most of the aquatic animals. Meanwhile, stress state of
the individuals was fully considered, which makes the model provide accuate results on
simulating the movement of groups of the aquatic animals. The model can be perfectly
coupled with hydrodynamic and sediment transport models, which means the scale of the
study region is no more a constraint. What’ s more, the model can be applied on most of
aquatic species due to the involvement of multiple specie related parameters. The model
was then applied on the simulations of migration behavior of the Yangtze finless porpoise
and habitat selection of the Chinse sturgeon. The influnces of the scheduled hydraulic
construction in the Poyang Lake to the porpoises were discussed, alone with the influnces
of different impoundment schemes of the Three Gorges Dam on the sturgeons. The application
results indicated that, the scheduled hydraulic construction has little impact on the
migration of the porpoises. By reasonalble optimization, the pass rates of different
hydrological years may maintain above 90% after the dam was built. The distributions of
porposes inside the lake also have little changes. Obvious differences exist on the
distribution of Chinese sturgeon with different upstream discharges. Discharge between
20000m3/s and 30000m3/s is optimum for the Chinese sturgeon to live and spawn. For
conclusion, both of the migration model and habitat selection model can provide important

references to the protection and restoration of the ecological environment.
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