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Description
IAA, or integrated agriculture and aquaculture, offers the

possibility of sustaining food production while reducing water
consumption. This is due to the fact that when fish are added to
the existing agriculture system as one of the production
components, they add an activity that does not compete for
water. For instance, the most prevalent type of IAA system in
Tanzania, the integration of tilapia and vegetables, provides a
means of preventing eutrophication and improving the quality
of the water in fish ponds. This is due to the fact that water is
used for both the cultivation of fish and the irrigation of
vegetables, where the vegetables make use of excess nutrients
from the fishponds to grow faster. Additionally, the water in the
pond acts as a buffer against periods of drought, which may
increase as a result of future climate change.

Chemical fertilizers are known to improve global food security
by boosting plant growth and production. However, excessive
fertilizers may have adverse environmental effects. Byproducts
of the production of synthetic fertilizers, such as CH4 and CO2,
can, for instance, contribute to air pollution. When disposed of
in an aquatic ecosystem, these fertilizers may result in water
eutrophication and pollution. They have the potential to harm
the health and quality of the soil if they are applied repeatedly
to it, resulting in soil pollution. By utilizing nutrient-rich fish
pond water to irrigate crops and thereby decreasing the use of
synthetic fertilizers and outputs of excessive nutrient from the
fishpond, increased adoption of integrated aquaculture systems
can assist in reducing these adverse effects of chemical
fertilizers on the environment.

Urban Spatial Structure
By optimizing the fish stocking density, an IAA system can

maximize water use efficiency and productivity to increase fish
yield, reduce production costs, and boost profits. The amount of
nutrients in the pond water that can be used to irrigate and
fertilize crops is also influenced by the fish stocking density.
However, there is also an increased risk of poor water quality as
a result of increased stocking densities, which could result in
decreased fish growth and survival rates. Depending on the
culture system used, the recommended optimum stocking
densities for tilapia can vary significantly. A hapa stocking

density of five fish m3 and a cage stocking density of 250 fish m3
were recommended for tilapia, while a polyculture with catfish
in earthen ponds at a stoking density of nine fish m2 yielded
more fish. As a result, determining the ideal fish stocking density
in tilapia-vegetable integration systems is crucial because it has
a significant impact on water quality, fish growth, and the extent
to which integrated crops will benefit from nutrients dissolved in
fish pond water, thereby increasing farm water use efficiency,
productivity, and profitability.

An integrated production of tilapia (Oreochromis niloticus),
Chinese cabbage (Brassica rapa pekinensis), and amaranth
(Amaranthus hybridus) was used to evaluate the economic
benefits, water use efficiency, growth performance, yields, and
how these parameters were affected by various fish stocking
densities. The following questions were specifically the focus of
the study: i) What effects do low, medium, and high stocking
densities have on fish growth performance and yield? ii) In an
integrated tilapia-vegetable system, how does fish stocking
density affect water quality and vegetable yield? iii) How does
the integrated production of fish and vegetables affect
productivity (net income per m3 of water) and water use
efficiency (kg of food produced per m3 of water)? iv) How does
the fertilization and irrigation of fish tank water affect the
concentration of nutrients in the soil? and (v) When fish and
vegetables are raised in integrated or non-integrated systems,
what are their yields and economic profitability? A tilapia
(Oreochromis niloticus), Chinese cabbage (Brassica rapa
pekinensis), and amaranth (Amaranthus hybridus) integrated
system was thought to have a higher water use efficiency,
growth performance, yields, and economic benefits than a non-
integrated system.

Focus Watershed
Our goals were to determine the relative success of

commercial microstarter diets and assess the impact of diet on
the growth and survival of intensively reared larval and juvenile
saugeye. Previous research suggests that feed may be the most
important factor at this stage, as this stage is a critical bottleneck
for successful saugeye culture. We discovered that intensively
reared saugeye's larval and juvenile survival and growth are
significantly influenced by diet. At 33 DPH, the Otohime diet had
the highest survival, condition factor, and specific growth rate.
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Compared to the Otohime diet, the Gemma Micro diet had
lower survival rates but similar growth performance. Gemma
Wean, Optimal Starter, and Omega One all had low survival rates
due to poor growth performance. This information emphasizes
the significance of diet in minimizing mortality and maximizing
growth and is necessary to inform best practices for this crucial
stage of intensive saugeye culture.

Similar studies on walleye and the closely related pikeperch
(S. lucioperca) have also shown that diet has a significant impact
on survival and growth during the larval and juvenile stages.
These studies compared the performance of Gemma Micro and
INVE to that of Fry Feed Kyowa (FFK), which is commonly used
but faces an import ban. They found that Gemma produced
results that were comparable to Fry Feed Kyowa. Additionally,
they observed the presence of a variety of deformities; with fish
fed the INVE diet being the only ones who were able to develop
cataracts, or an opaque lens. Additionally, jaw deformities

comparable to our observations were recorded. The mineral
content of the diets we tested meets the minimum known
requirements for most fish species, despite the fact that the
nutrient requirements for saugeye or walleye have not been
completely established. However, the significant differences in
jaw deformity prevalence that we observed point to lingering
nutritional deficiencies that call for additional investigation.
Similar jaw deformities have been reported in pikeperch (S.
lucioperca), but the prevalence of these deformities was
reduced by diets supplemented with vitamin C and highly
unsaturated fatty acids. The fact that the Gemma Wean and
Optimal Starter diets had higher rates of jaw deformity suggests
that these diets might not be meeting some important nutrient
requirement. Unfortunately, this study cannot mechanistically
link the composition of our diets directly to observed deformity
rates; however, this is an important area of future research.
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