Keeping Tropical Fish in Farms Alive in a Cold Snap
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Keeping the water from getting too cold is an interesting technical problem.  First, one must understand the flows of energy in and out of the water and their manipulation.  Most energy would come out of the water at its surface through direct contact with the cold air, evaporation from the surface, and thermal radiation.
I notice pictures of plastic tarps put on top of the ponds.  This is a good start, but I also noticed that the plastic was touching the water.  Such direct contact makes the plastic of greatly diminished value.  Heat transfers from the pond water to the plastic and into the air by direct contact is a rather high speed type of heat transfer.  Concerning the other two forms of heat loss from the pond surface, such a plastic cover would prevent evaporation, but would have little effect on thermal radiation.

The plastic tarps should be above the pond surface, elevated by a steel mesh, supported by poles or any of 100 other techniques.  The edges should be sealed to the ground to the maximum extent possible to prevent air from blowing under the tarp and eliminating its effectiveness.
In this configuration the tarp would be very effective at slowing the heat loss from the surface of the pond.  There would be no direct contact with the outside air.  Energy would leave the surface of the pond and go into the trap air by direct contact.  The trapped air would get warmer than the outside air and decrease the driving force, and therefore the transfer rate, that moves energy from the water to the trap air.  For the energy to get to the outside air, they would have to move to the tarp by convection of the trapped air to the tarp.  Then the energy would move by direct contact from the trapped air, through the tarp, to the outside air.  Even this direct contact is a greatly slowed process, because the direct thermal conductivity of energy from trapped air through the tarp is a much slower process than the direct thermal conductivity of energy from water through the tarp.  That's why water feels colder to your hand then air, even if both are at the same temperature.

But what about evaporation from the surface of the pond?  Evaporating water soaks up a lot of energy.  That's why sweating cools you off.  At first evaporation into the trap air would occur at the normal rate.  But, as the trapped air takes up more and more water vapor from the surface of the pond, evaporation would diminish and eventually end, when the relative humidity of the trap air reaches 100%.
There are some second-order effects in that humid air transfers heat faster than dry air and that part of the water vapor would condense on the underside of the tarp.  A second layer of plastic tarp, simply laid over the first, would go some distance toward diminishing these second-order effects.  Even better, spreading Styrofoam peanuts on the first tarp to hold the two tarps apart throughout their surfaces, forming a continuous air gap, would be even better.

Thermal radiation: all bodies produce thermal or infrared radiation based on their temperature.  The higher the temperature of the body, the greater the rate of thermal radiation.  For the pond, the thermal radiation to the outside air should be slowed significantly.  It would be like standing in front of a fire and feeling the thermal radiation vs. putting a metal barrier between you and the fire.  Even at equilibrium when the barrier gets hot, the barrier will not be as hot as the fire and therefore you will not achieve the same radiant warming as you would without the barrier.

One significant additional factor would be the sun.  The greenhouse effect should be beneficial here.  Visible light will travel through the plastic and into the water, depositing its energy into the water.  The thermal radiation that comes back out of the water will be at a much lower frequency and will not pass through the tarp.  This is why your car gets so hot when left out in the sun.  Of course, this benefit won't be there at night.
What about the bottom of the pond?  Around the edges of the pond the dirt may be cooler than normal, sucking additional heat out of the pond.  But this would be mostly an edge effect.  The dirt under most of the pond should not be significantly changed in temperature because of the distance that the heat in the soil under the pond would have to travel through the soil to get to the outside air, which is ultimately the heatsink in this situation.

These techniques may or may not be sufficient to keep the fish alive in a prolonged cold-spell.  If not, I would suggest the use of propane swimming pool heaters.  Or, as a simple makeshift technique, water could be boiled by even a wood fire and steam conducted into the pond by insulated tubes.  I'm not going to explain why you don't have to worry about burning the fish.

In conclusion, I believe that, prepared for and handled properly, such a tropical fish die off should not occur.
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