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ARTICLE / INVESTIGACION

Use of modern geometric design of fish ponds to increase welfare and
blood parameters
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Abstract: Fish currently suffer from a lack of well-being due to the large number of pollutants in the water and the lack
of space given to them, which makes them afraid and uncomfortable, which leads to a lack of welfare and, thus, a lack
of production and poor quality of meat. This study was designed using a modern geometric design (DGD) of basin
design, which is an H-mark. Three hundred fishes were used and distributed in three treatments with four replications;
each treatment consisted of 100 fishes, and each replicate included 25. The first treatment was a control treatment (C),
represented by raising fish in regular ponds, and the second treatment was fish farming using novelty design ponds in
the shape of the H sign (ND). The third treatment was the fish farming treatment in earthen ponds (EP). The statistical
analysis findings demonstrated that the ND treatment significantly improved the condition. ( p<0.05) in the number of red
blood cells, over the rest of the treatments, and significantly ( p<0.05) for HD hemoglobin, was superior to the rest. In
PCV, the ND treatment was a significant improvement compared with the rest of the treatments if the highest value was
recorded, the results demonstrated significant changes between the experimental treatments at the level (p 0.05). The
outcomes revealed that the number of white blood cells significantly increased with ND therapy (p 0.05). Cells, over the
rest of the treatments, and a significant improvement ( p<0.05) for H/L compared with the rest of the treatments; there
were no significant differences between the experimental treatments, but there was a significant improvement ( p<0.05) in
ND treatment in the Glucose, cholesterol, triglyceride HDL, LDL, GPT, and GOT, over the rest of the treatments. Using a
novelty design in the ponds helped the fish increase their well-being due to their feeling of comfort and lack of fear, which

improved their behavior, blood traits, and growth performance.
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Introduction

Modern geometric design (MGD) is increasingly used
in fish ponds to improve welfare behavior and growth per-
formance. The specific geometric design that is best for a
particular fish pond will be determined by various elements,
including the size of the pond, the species of fish that will
be raised, and the intended use of the pond'. The problem
of the study is that the names suffer from a lack of well-be-
ing because of their upbringing in unsuitable environments
that reduced their production of meat in quantity and qua-
lity. Therefore, the research hypothesis was to find a mo-
dern design that helps create an environment with high
well-being to help fish overcome stress. However, some
general principles can be followed to improve fish welfare
behavior and growth performance through MGD?. One of
the key benefits of MGD is that it can help create a more
natural environment for the fish; this is important because
fish are naturally attracted to geometric shapes, and they
tend to feel more secure in environments similar to their na-
tural habitat®. For example, fish have been shown to prefer
rectangular ponds with rounded corners, as these shapes
are more reminiscent of the natural water bodies that they
would find in the wild*.

Another benefit of MGD is that it can help to improve
water quality. This is important because water quality signi-
ficantly determines fish welfare and growth performance. By

carefully designing the shape and orientation of the pond,
it is possible to improve the circulation of water and ensu-
re that the fish have access to clean, oxygenated water®.
In addition to water quality, MGD can also help to improve
fish welfare by providing them with more space and hiding
places®. Fish need space to move around and explore their
environment and places to hide from predators and rest. By
incorporating these factors into the geometric design of the
pond, it is possible to create a more stimulating and comfor-
table environment for the fish’. The MGD can also help to
improve fish growth performance?. This is because fish that
are stressed or uncomfortable are less likely to eat or grow
as quickly; creating a more natural and stimulating environ-
ment for the fish can reduce stress and improve their growth
performance®. In addition to the benefits of MGD for fish
welfare and growth performance, some potential drawbacks
should be considered™. For example, some geometric de-
signs may be more difficult to build or maintain than others.
Additionally, some geometric designs may not be suitable
for all types of fish. Therefore, it is important to carefully
consider the specific needs of the fish when designing a
fish pond™.The specific examples of how MGD can be used
to improve fish’s welfare behavior and growth performan-
ce. Rectangular ponds with rounded corners: This type of
pond design is more natural for fish and can help to impro-
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ve water quality’?. Ponds with a circular shape have more
consistent water quality and may be less stressful for fish.
Ponds that are half-round: This type of pond design offers
some of the advantages of both rectangular and circular
ponds. Ponds with multiple geometric shapes: This type of
pond design can help to create a more natural and stimu-
lating environment for fish. Ponds with plants, rocks, and
other objects: This type of pond design can enrich fish and
help reduce stress'. The relationship between MGD, fish
ponds, and blood traits is complex and still being studied.
However, some evidence suggests that there may be a link
between these factors'. One study published in the journal
Animals in 2022 found that fish raised in rectangular ponds
with rounded corners had lower blood cortisol levels than
fish raised in square ponds. Cortisol is a stress hormone,
so this suggests that the rectangular ponds with rounded
corners were less stressful for the fish'®. The fish raised in
circular ponds had higher levels of some blood proteins, in-
cluding albumin and immunoglobulin G, than fish raised in
rectangular ponds. These proteins are involved in the im-
mune system, so this suggests that the circular ponds may
have provided the fish with a more stimulating and healthy
environment'®,

Some possible mechanisms could explain the link be-
tween DGM, fish ponds, and blood traits. The first is water
quality: The shape and orientation of the pond can affect
the circulation of water, which in turn can affect the levels
of dissolved oxygen and other important water quality para-
meters. This may directly affect the fish’s health, happiness,
and blood characteristics'”. The second, the stress: Stress.
The pond’s geometric design can affect the fish’s stress le-
vels and blood traits'®. The third is enrichment: The geome-
tric design of the pond can be used to provide enrichment
for the fish. This can lessen stress and improve the fish’s
welfare. it may also positively impact their blood traits. MGD
is increasingly being used in fish farming to improve welfa-
re. The specific geometric design that is best for a specific
fish. the pond will depend on several variables, such as the
pond’s size and the species it supports. That will be raised
and the intended use of the pond®. However, some general
principles can be followed to improve fish welfare through
MGD. One of the key benefits of MGD is that it can help

to create a more natural environment for the fish. This is
important because fish are naturally attracted to geometric
shapes and tend to feel more secure in environments simi-
lar to their natural habitat?'. For example, fish have been
shown to prefer rectangular ponds with rounded corners,
as these shapes are more reminiscent of the natural water
bodies that they would find in the wild?2.

The objective of this study to create MGD in fish ponds
is to create a more natural, stimulating, and comfortable en-
vironment for the fish. This can be done by giving the fish
food and designing the pond with various geometric sha-
pes. with welfare and growth performance.

|
Materials and methods

This study was conducted in the Fish Laboratory/ De-
partment of Animal Production/ College of Agriculture/ Uni-
versity of Anbar. The experiment was carried out for 120
days to achieve the highest level of welfare by designing
tanks using a modern method that helps create the highest
level of welfare. Three hundred common carp fish were ran-
domly distributed with an average weight of 90.5 + 25 grams
per fish in twelve plastic tanks with dimensions of 60 x 25 x
60 cm, with each tank having a capacity of 100 liters. The
fish were distributed among three experimental treatments,
with four replicates for each treatment and 25 fish per repli-
cate, as follows: the first treatment was a control treatment
(C), which was represented by raising fish in regular ponds,
and the second treatment was fish farming using novelty
design ponds in the shape of the H sign (ND). The third
treatment was the fish farming treatment in earthen ponds
(EP).

Modern Geometric Design (DGM)

DGM was designed using modern engineering drawing
software such as AutoCAD and 3DMAX, as shown in Figure
1. If the dimensions are calculated and evaluated according
to the welfare standards for fish, and the suitable water re-
quirements are calculated from the engineering perspecti-
ve, including water quality and oxygen availability, using the
WEAP software.
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Water Basin Tests

The results of the water basin tests show the temperatu-
re of the water (°C), dissolved oxygen concentration (mg/L),
ammonia concentration (mg/L), and pH levels from the be-
ginning to the end of the experiment. The water temperature
ranged from 25-20 degrees Celsius throughout the duration
of the experiment. Two heaters were used to control the wa-
ter temperature. The dissolved oxygen concentrations ran-
ged from 5.5-3.5 mg/L during the experiment. The ammonia
concentration ranged from 3.00-1.5 mg/L. The pH levels ran-
ged from 7.9-6.7 mg/L, which are within the suitable limits
for breeding common carp fish, which range from 8.5-6.0.%.

Blood analysis

The blood cellular traits were measured, including red
blood cells, hemoglobin, PCV, white blood cells, and the di-
fferential count of white blood cells, according to Witeska
(2022)?*. The fish’s caudal vein was used to draw blood,
which was then placed in tiny plastic tubes containing an
anticoagulant solution of heparin (0.2 mil/ml blood). Using
hemocytometers, the erythrocyte count was calculated for
these blood samples. According to Blaxhall and Daisny®,
the conversion of hemoglobin (Hb) into red cyanomethae-
moglobin under the action of potassium ferricyanide and
potassium cyanide was evaluated. Other blood samples
were taken and allowed to coagulate for 15 to 20 minutes
at 4 degrees Celsius before being centrifuged for 20 minu-
tes at 3,000 rpm to separate the serum. The biochemical
blood traits were measured, including Glucose, cholesterol,
triglyceride HDL, LDL, GOT, GOT, and LAP, according to
Biochemical testing done on the fresh serum. Using test kits
provided by (Spectrum Diagnostics), serum glucose (mg/l)
was measured. Total protein (g/100 ml) and total fat (g/l)
levels were assessed using assay kits provided by Diamond
Diagnostics using colorimetric methods. Utilizing assay
kits from Spectrum Diagnostics, the activities of aspartate
aminotransferase (AST, U/l) and alanine aminotransferase
(ALT, U/l) were measured colorimetrically in accordance
with the Reitman and Frankel technique (1957). A spectro-
photometer (Ultroscopec 3100 Pro) was used to measure
the samples.The blood was drawn into micro-capillary and
EDTA (anticoagulant) tubes by puncturing the caudal artery
at the caudal peduncle. Following the procedure outlined by
Blaxhall and Daisny?.

Statistical Analysis

Complete randomization was used for this experiment
(CRD). Then, the SAS tool for statistical analysis was used
to evaluate the data®. To find significant changes between
the averages, Duncan’s polynomial was used to compare
the means for each treatment at significance levels of 0.05%".

|
Results and discussion

Table 1 shows the effect of MGD on cellular traits in fish
blood; there was a significant improvement in the ND treat-
ment for the RBC, PCV, and HB traits, with values of 3.80,
34.18, and 10.48, respectively, compared to other treat-
ments. Additionally, there was a significant improvement in
the WBC and differential count values, indicating progress
in the ND treatment compared to the different experimental
treatments, with a WBC ratio of 9.1 compared to other ex-
perimental therapies. Furthermore, there was a significant
improvement in both heterophils and lymphocytes, with va-
lues of 66.3 and 23.3, respectively.

Figure 2. shows the effect of the H/L if there is a signi-
ficant improvement in the ratio of experimental coefficients,
as the ND coefficient improved in the H/L ratio value and
reached 0.35% compared to other empirical coefficients,
which gained 0.44% in C and 0.43% in EP.

Table 2. shows the effect of MGD on biochemical blood
traits; there was a significant increase in blood glucose le-
vels for the ND treatment, reaching 129 compared to other
experimental therapies. There was also a substantial de-
crease in cholesterol and triglyceride levels for the ND treat-
ment, getting 132 and 201, respectively. Additionally, there
was a significant improvement in HDL levels, reaching 63.1,
and a significant decrease in LDL levels, reaching 47.1,
compared to other experimental treatments.

From Figure 3, it is observed that MGD affects liver en-
zymes GPT and GOT, as there was a significant improve-
ment in the ND treatment in the values of liver enzymes,
which reached 53.5 in GPT and 221 in GOT compared to
other experimental therapies, which got 68 in GPT for treat-
ment C and 59 in GPT for treatment EP, as well as for GOT,
which reached 201, respectively.

Using a modern and well-studied system with artificial
intelligence technology that simulates the external marine

Trait Treatment P. Value
C ND EP

RBC 348 =0.92ab 3.89 £0.092a 3.58 +£0.092 ab 0.0023
PCV 33.18 £0292¢ 3418 £0.242a 3333 £0.292b 0.0013
Hb 9.08 +0.231 b 10.48 £0.292a 10.18 +0.362 ab 0.0015
WBC 95=0.221 a 9.1+021b 9.2 +£0.33 ab 0.0001
Lymphocytes 683x123a 66.3+020Db 66.5 +0.21 ab 0.0012
Heterotrophic 30.4 £0.231 a 23.3+021b 29.1+03 a 0.0018

*Values represent the mean + standard error.

a, b, c: different letters within one row indicate significant differences between the means of the treatments at a significant level

(P<0.05).
Table 1. The effect of MGD on Blood Cellular traits of fish.
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Figure 1. Dimensions of a Modern Geometric Design (MGD).
Trait Treatment P. Value
C ND EP
Glucose 101 +0.12ab 129 +0.012a 118 +0.01 ab 0.0242
Cholesterol 170 £0.11a 132 £021¢ 150 £0.122b 0.0145
Triglyceride 232 +0.132a 201 +0.192¢ 229 +0.112b <.0001
HDL 57+0.121 b 63.1+0.11a 53.1+£0.13 b 0.0036
LDL 78.3+1.13 a 47.1+090 ¢ 65.5+0.41b 0.0034
*Values represent the mean + standard error.
a, b, c: different letters within one row indicate significant differences between the means of the treatments at a significant level (P<0.05).

Table 2. Formulas and variables for calculating the components of the productive process’ cost.
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Figure 3. The effect of MGD on Liver enzyme traits of fish.
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environment for fish contributes to providing the highest le-
vel of welfare in the fish environment. This is what we obser-
ved in our study, as we noticed a significant improvement in
the blood characteristics of the fish. The availability of wel-
fare contributes to the improvement of blood characteristics,
and this is what has been observed: the welfare of fish can
have a significant impact on their red blood cells and the
availability of oxygen?. Fish that are stressed or have poor
welfare are more likely to have lower levels of red blood
cells?®, which can lead to problems with oxygen transport.
Several factors can contribute to the poor welfare of fish,
including low water quality?®, high stocking densities, lack of
enrichment and handling, and transportation. When fish are
stressed, their bodies release hormones that can damage
red blood cells. This can lead to a decrease in the number
of red blood cells®®, as well as a decrease in the amount of
oxygen that they can carry. In addition, stressed fish are
more likely to develop injuries, which can also lead to blood
loss and decreased oxygen levels. Low water quality can
also contribute to problems with red blood cells in fish. Arise
in parasites and other pathogens brought on by poor water
quality can harm red blood cells®'. High stocking densities
can also lead to problems with red blood cells in fish. When
fish are crowded, they are more likely to compete for food
and oxygen®. This can lead to stress and decreased levels
of red blood cells. Enrichment is important for fish welfare
because it helps to reduce stress and boredom. Fish that
are bored or stressed are more likely to develop health is-
sues, such as issues with red blood cells. Fish handling and
transportation can be upsetting for them as well®2. During
handling and transportation, fish may be exposed to cold
temperatures, rough handling, or low oxygen levels. The-
se stressors can damage red blood cells and lead to pro-
blems with oxygen transport. The availability of oxygen is
also important for fish welfare'®. Fish need a certain amount
of oxygen to survive. If the oxygen levels in the water are
too low, fish can develop problems with their red blood cells
and become stressed. The effect of welfare on glucose me-
tabolism is a complex issue that has not been fully studied.
However, there is some evidence to suggest that welfare
may have a negative impact on glucose metabolism®. Glu-
cose metabolism is the process by which Glucose is broken
down and used for energy. It is essential for the welfare of
all cells in the body, including neurons, muscle cells, and
red blood cells; additionally crucial to keeping blood sugar
levels within a safe range is glucose metabolism®. One
study found that carp fish kept in poor welfare conditions
had higher levels of cortisol, a hormone that can impair glu-
cose metabolism®®. The study also found that these fish had
lower insulin sensitivity levels, meaning they were less able
to use Glucose for energy. Another study found that carp
fish exposed to stress had lower glycogen levels in their
livers.

Glycogen is a form of stored Glucose, and lower gly-
cogen levels can lead to impaired glucose metabolism;
these studies suggest that welfare may negatively impact
glucose metabolism in carp fish. However, more research
is needed to fully understand the mechanisms involved and
identify the specific factors contributing to this effect. The-
se studies suggest that welfare may hurt WBC. However,
more research is needed to fully understand the mechanis-
ms involved and identify the specific factors contributing to
this effect. Some potential mechanisms by which welfare
may affect WBC: Stress: Stress can hurt WBC. Fish under
stress, such as those living in cramped quarters, may have

higher amounts of stress hormones, which might weaken
their immune systems. And lead to lower WBC counts®’.
As well as nutrition, animals not fed a healthy diet may be
more likely to develop infections®®, which can lead to higher
WBC counts®®. Also, infection: Animals infected with a di-
sease may have higher WBC counts as the body tries to
fight off the infection. Also, Infection: Animals infected with a
disease may have higher WBC counts as the body tries to
fight off the infection®. It is important to note that these are
just potential mechanisms, and more research is needed to
confirm their role in the relationship between welfare and
WBC. The heterophil-to-lymphocyte (H/L) ratio measures
the immune response in animals. A high H/L ratio indicates
the animal is under stress or has an infection.

Alow H/L ratio indicates that the animal is healthy. There
is some evidence to suggest that welfare may have an im-
pact on the H/L ratio. Animals in poor welfare conditions may
have higher H/L ratios, indicating they are under stress®.
Stress can depress the immune system, which increases the
amount of circulating heterophils*!. Therefore, MGD contri-
buted to providing fish with more welfare due to its comforta-
ble movement and free swimming in the water, which helped
reduce their stress hormones and decreased the H/L ratio™.
The MGD contributed to improving welfare and promoting a
healthy H/L ratio, for example, by providing fish with a clean,
comfortable environment and feeding animals a healthy diet.
As well as provide fish with opportunities to exercise, and the
important role of managing stress levels in fish and monito-
ring animals for signs of illness or infection*2.

There is some evidence to suggest that welfare may
have an impact on cholesterol and triglyceride levels in fish.
Fish kept in poor welfare conditions may have higher cho-
lesterol and triglyceride levels due to several factors. One
factor is stress. Cortisol, a hormone that can increase cho-
lesterol and triglyceride levels, can be produced more fre-
quently due to stress. Another factor is diet. Fish fed a diet
high in saturated fat or cholesterol may have more elevated
cholesterol and triglyceride levels. Finally, poor water quality
can also contribute to high cholesterol levels in fish*®. There
is some evidence to suggest that welfare may have an im-
pact on HDL (high-density lipoprotein) and LDL (low-density
lipoprotein) cholesterol levels in fish. Animals that are kept
in poor welfare conditions may have lower HDL levels and
higher LDL levels due to some factors. The stress factor is
one. Cortisol, a hormone that can cause HDL levels to drop
and LDL levels to rise, might be produced more frequently
due to stress. Another factor is diet. Animals fed a diet high
in saturated fat or cholesterol may have lower HDL and hi-
gher LDL levels. Finally, poor water quality can also contri-
bute to low HDL and high LDL levels in fish®°.

|
Conclusions

In conclusion, the use of a modern system for fish
Ponds designed with artificial intelligence and nature-simu-
lating programs has led to an increase in their well-being.
This is manifested in their ability to live freely, reducing fear
and isolation, resulting in improved physiological characte-
ristics, especially in red and white blood cells, differential
blood cell count, H/L ratio, and blood glucose levels. This
stress reduction enhances their biochemical traits, mainly
blood glucose, which increases oxygen availability. As a
result, fish have evolved their biological processes and in-
creased their production rate.
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