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DESCRIPTION
Cage aquaculture is widely used for the production of finfish in 
lakes, reservoirs, coastal waters, and offshore locations. In these 
systems, fish are held within net enclosures that allow 
surrounding water to move through the culture area. The 
movement of water around and through a cage influences oxygen 
supply, carbon dioxide removal, temperature distribution, waste 
dispersion, feed utilization, fish swimming activity, and the 
physical loading applied to nets and supporting structures. 
Understanding cage aquaculture hydrodynamics is therefore 
important for selecting suitable sites, designing cage systems, 
maintaining net integrity, and managing fish production under 
changing environmental conditions.

Water flow around a cage is affected by current velocity, water 
depth, cage geometry, net characteristics, surface waves, wind, 
density differences, and the arrangement of neighboring cages. 
When flowing water reaches a cage, the net creates resistance and 
changes the original flow pattern. Water approaching the 
upstream side of the enclosure loses part of its velocity as it passes 
through the netting. Some of the flow is redirected around the 
cage, while another portion enters the culture volume. The 
amount of water entering the cage depends on net porosity, mesh 
size, net tension, biofouling, current direction, and the speed of 
the surrounding water.

Current velocity is one of the most important variables in cage 
hydrodynamics. At low current speeds, water exchange may be 
limited, particularly when the cage contains a high biomass of 
fish. Reduced water movement can cause oxygen concentrations 
to decline as fish respiration and microbial activity consume 
dissolved oxygen. At higher current speeds, water exchange 
generally improves, but fish must swim against the moving water. 
Excessive current can increase energy expenditure, alter feeding 
behavior, reduce growth efficiency, and create substantial forces 
on nets, ropes, anchors, and cage frames. Site selection therefore 
requires consideration of both water exchange and fish 
swimming capacity.

Netting has a direct effect on flow behavior. A newly installed 
net with clean surfaces normally permits greater water passage 
than a net covered with algae, mussels, bacterial films, or other 
organisms. Biofouling reduces effective mesh openings and 
increases hydraulic resistance. As fouling becomes heavier, the 
velocity of water inside the cage may decline even when the 
external current remains unchanged. This reduction can 
influence oxygen transport and waste removal. Regular net 
inspection and cleaning are therefore important components of 
hydrodynamic management.

The shape and dimensions of a cage also affect the surrounding 
flow field. Circular, square, rectangular, and flexible cage 
configurations interact with currents in different ways. A circular 
cage can produce a relatively continuous flow pattern around its 
perimeter, whereas rectangular systems can create distinct flow 
separation zones near corners. Flexible cages may deform under 
current loading, changing their internal volume and net 
orientation. Such deformation can alter the available swimming 
space and modify the distribution of water inside the cage.

Hydrodynamic forces are generated when moving water interacts 
with cage components. Drag is produced by resistance to water 
movement, while lift can develop when pressure varies around 
structural elements. Cage aquaculture hydrodynamics provides a 
scientific basis for understanding how water movement interacts 
with fish, nets, structures, and the surrounding aquatic 
environment.

CONCLUSION
Cage aquaculture hydrodynamics provides a scientific basis for 
understanding how water movement interacts with fish, nets, 
structures, and the surrounding aquatic environment. Current 
velocity, wave action, turbulence, net resistance, cage geometry, 
biofouling, and farm arrangement all contribute to the resulting 
flow conditions. Careful evaluation of these factors can improve 
water exchange, reduce structural loading, support fish welfare, 
and improve resource use. Combining field observations, 
engineering analysis, numerical modeling, and continuous
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sensor data can provide a practical approach for managing cage 
farms under diverse environmental conditions. These 
assessments also help identify suitable cage locations and 
optimize cage orientation to minimize the effects of strong 
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currents and waves. Ultimately, integrating hydrodynamic 
knowledge into farm design and management promotes 
sustainable production, operational safety, and long-term 
aquaculture development.
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