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ABSTRACT

Climate is an important environmental factor that has an impact on agquaculture
productivity, Climate and weather affect water quality, and in turn, can have an impact on the
growth, survival, and susceptibility to diseases of aquatic animals. This research studied the
effects of weather and climate variability on water quality in fish ponds; in particular, the seasonal
and culture system effects on thermal stratification and levels of dissolved oxygen. The main
objectives of this study were: 1) to study the key factors that influence thermal and oxygen
stratification in tilapia ponds; 2) to study the key pond processes influencing levels of DO; 3) to
study the influence of weather on risks of very low DO levels; and 4) to build a biophysically
driven temperature and dissolved oxygen dynamics model of a fish pond. This study was carried
out in earthen ponds used to culture tilapia in Northern Thailand. Ponds located in different
provinces, elevations, and managed with different levels of nutrient input, were compared. Water
samples were collected on a monthly basis; from May 2013 to May 2014. Detailed profiles were
carried out over a 24-hour period in each month. A model was developed to study the thermal and
oxygen dynamics in a fish pond during a 24-hour cycle. The model extended the ecological
processes typically considered in previous individual studies.

Light intensity changes with the scason and time of day. Light intensity was
greatest at 12.00 h to 14.00 h, and was higher in the dry (November-February) and wet (June-
October) seasons, than in the hot (March-May) season. Mean air temperature increased thermal
stratification more than the minimum-maximum air temperature difference within a day.
Observations and modeling also suggested that higher wind speeds increased water mixing, and

thus, reduced stratification. Secchi disk depth (SDD) measured the combined effects of
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phytoplankton biomass and turbidity on light penetration. High input ponds had smaller SDD
values than low input ponds. A high phytoplankton biomass prevented light from penetrating into
the lower water layers, and thus warming deeper water layers. These ponds tended to have greater
temperature differences between the surface and bottom water layers in comparison to ponds with
low phytoplankton levels. Thermal and oxygen stratification tended to occur on average around
14.00 h to 16.00 h, and de-stratification occurred during the evening. In the wet season, water
mixed faster than in other seasons.

The main sources of oxygen in a pond were from photosynthesis during the day,
and air diffusion at night. The main users of oxygen were oxygen demand for decomposition in
the water column and sediment, fish respiration, phytoplankton respiration, and photorespiration.
The amount of oxygen increased with light intensity, and maximum oxygen levels occurred
around 14.00 h to 16.00 h. In ponds with high input and large quantities of phytoplankton, the
peak concentration of oxygen tended to be greater than in low input ponds. During the day,
oxygen at the surface was oversaturated, whilst at the bottom of the pond it was depleted.
However, water mixing in the evening diffused oxygen from the top to the lower layers.

Prolonged cloud cover was a significant factor for the risk of low DO in ponds,
since it decreased the amount of light reaching the pond, and as a result, limited photosynthesis
and reduced oxygen availability. During the night, oxygen consumption was greater than
production; thus, the risks of low DO tended to be higher at night than during the day. This was
particular true for ponds with high nutrient inputs, which tended to have high quantities of
phytoplankton and waste, and hence had a greater oxygen demand than low input systems. From
data collected it was found that 68% of high input ponds were at high risk of low DO, especially
around 2.00 h to 6.00 h. From the model, it was found that wind speed was another factor that
influenced risk of low DO. Air temperature did not have an effect on risk of low DO occurrences.
Besides weather, SDD was another factor that influenced risk of low DO. Ponds with low SDD
was at greater risk than ponds with high SDD.

The biophysical model could accurately predict the trends of thermal and oxygen
stratification for ponds with different culture systems and under different weather conditions. In
particular, it was good at predicting maximum temperature, time of maximum temperature,

maximum temperature difference, and propertion of time of low DO levels. The model did not
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precisely predict the temperature and DO levels under complex weather conditions or at lower
depths for some ponds. It also appeared to over- or under-estimate sediment respiration.

This study helped to better understand and appreciate the complex biophysical
processes that occur within a fish pond during a 24-hour cycle. It highlighted the significance of
weather on thermal and oxygen stratification, and underscored the conditions that influence risk
of low DO levels. This knowledge can be used to improve pond management, and thus reduce the
risks and occurrences of low DO levels. In particular, farmers should consider: 1) adopting water
mixers such as circulation when the DO difference between the surface and bottom water layers is
at its maximum, and usually, this occurs early in the afternoon; 2) for high input ponds that are
exposed to days with prolonged cloud cover, aerators should be used to increase overall oxygen
levels during midnight to early morning, and thus reduce risk of mass mortality; and 3) feed
should be managed so as to prevent waste accumulation at the sediment layer. Findings could also
inform the design of early warning systems to high risk of low DO concentrations, which can lead

to mass mortality events.
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