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Abstract. Tiger shrimp (Penaeus monodon) has enormous potential in fishery products in North
Sumatra. Intensification of tiger shrimp capture carried out by fishermen in the estuary area of Karang
Gading, Deli Serdang can affect the density, long frequency distribution, and growth patterns of tiger
shrimp. This research aimed at analyzing the density, length-frequency distribution and growth pattern
of tiger shrimp in Karang Gading estuary area. The main location of tiger shrimp sampling was
determined by purposive sampling method and three sampling sites were chosen as research areas. The
sampling of tiger shrimp was carried out for 2 months by the interval of 30 days, by using mini-ring trawl
with 10 m length and surface area of 3 m x 2 m (6 m?). Based on research, the biggest tiger shrimp
density was found in the second station (5.167 ind m™), while the smallest density was found in the third
station (2.167 ind m™?). The length-frequency distribution was dominated by class interval of 3.84-4.61
mm as many as 20 shrimps, while the class interval of 2.29-3.06 mm had 1 shrimp for each size class.
The growth pattern showed that negative allometric, where the biggest b value was found in the first
station (2.131), so the length-weight equation was W = 1.0623L%**!, while the smallest b was found in
the third station (1.1468) and its length-weight equation was W = 3.4959L''%%8  The physico-chemical
characteristics in Karang Gading estuary still support tiger shrimp’s life. The nursery ground preservation
of tiger shrimp in this area must be controlled well by the government and local communities.
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Introduction. Tiger shrimp (Penaeus monodon) is a shrimp with teal-colored body, big
stripes all over the body with a hard and sturdy carapace. This prawn mainly lives on
estuary and sea waters (Soetomo 2000). Tiger prawn was considered as one of important
fisheries asset on fish market (CABI 2019), with export trade reaching 361444.9 tons per
year (KKP 2019).

According to Verdian et al (2020), tiger shrimp contains 73.39% water, 1.66%
ash, 18.35% protein, 0.86% fat, and 5.73% carbohydrate, and Venkateswarlu (2019)
stated the composition of tiger shrimp in Nellore waters has a water content of 27%o,
48.6% protein, 10.9% fat, 7.4% carbohydrates and 6.1% ash.

Distribution of tiger shrimp was found majorly on west Indo-Pacific waters,
Australia, South-East Asia, South Asia and South Africa (Perez Farfante & Kensley 1997;
CABI 2019). It is reported to be found on Alexandria waters, Egypt (Khafage et al 2019),
also on Mexico and Cuba (Petatan-Ramirez et al 2020). In Indonesia, tiger shrimp can be
found along western (Sumatera, Java, Borneo) and eastern waters (Sulawesi, Maluku,
Papua), including North Sumatera.

Because of its location at the coastal area, Karang Gading estuary community
mostly has an occupation as fishermen. Based on KKP (Ministry of Fishery & Marine)
Statistics, tiger shrimp was included on the fishery list of the community. Due to high
density of mangrove species, Karang gading can sustain the organic material necessary
for living organisms in the ecosystem (Mulya & Arlen 2018).

Syam et al (2014) conducted a research on tiger shrimp in North Sumatra,
discussing about the density of mangrove forests that affects the production of tiger
shrimp in Tanjung lbus pond, Langkat, then Dimenta & Arismen (2017) reported on the
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state of tiger shrimp population in Belawan waters. Until now, there has been no data on
density, length frequency distribution and growth patterns of tiger shrimp in Karang
Gading estuary, so research is necessary on these particular parameters.

Material and Method

Description of the research sites. This research was conducted in Karang Gading
estuary, Deli Serdang Regency, at three stations. The first station is located in Paluh
Tabuan Tambak (close to the local community's fishery pond and dominated by Avicennia
marina), the second station is located in Muara Canggang (a natural mangrove area that
leads to the offshore and is dominated by Scyphiphora hydrophylacea) and the third
station is located in Pucung (close to the oil palm plantation area and dominated by
Rhizophora apiculata). The tiger shrimp’s sampling points can be seen in Figure 1.
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Figure 1. Research area, Karang Gading estuary, Deli Serdang, North Sumatera,
Indonesia.

Research procedure. This study was conducted for 3 months of observation (July —
September) with intervals of 30 days and samples of tiger shrimp were taken using a
mini ring trawler with the length of 10 m with opening area of 3 m x 2 m (6 m?) at 07.45
WIB to 11.45 WIB by throwing the mini ring trawler into the water column, then pulled
using a motor boat owned by local fishermen at a speed of 10 GT along 1000 m
(withdrawn twice at different points). The collection was carried out in 3 stations/day,
and was done for 3 days. All tiger shrimps obtained at each station were put in a cool box
with ice that already contained a plastic bag and has been labeled for analysis.
Meanwhile, the following physico-chemical parameters were measured on the
spot, which included water temperature, light intensity, water depth, current speed, pH,
salinity, and dissolved oxygen (DO). Other parameters, namely biological oxygen demand
(BODs) and nitrate-phosphate were measured into the laboratory by taking 1 L of estuary
water sample in a bottle, which has been carried for further testing at the laboratory.
Substrate fraction was observed by taking substrate sample using a shovel on each
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station and stored in sample cups, which have been brought to Central Laboratory of
Faculty of Agriculture, Universitas Sumatera Utara to be analyzed.

Data analysis

Density of tiger shrimp. The density of tiger shrimp can be obtained by calculating the
number of shrimp captured at each station per area of net openings used, following the
formula of Michael (1995):

where: K = tiger shrimp density (ind m™);
n = amount of tiger shrimp on each station (ind);
A = net opening area of mini ring trawl (6 m?).

Length-frequency distribution of tiger shrimp. Determination of tiger shrimp’s size
structure was obtained by grouping carapace length data with its class interval. To
determine class interval frequency and class intervals, the following formula was used
(Effendie 2002):

K =1+ 3.3 logN

where: K = amount of class;
N = number of tiger shrimp individuals.
To calculate the class interval, the following formula was used (Effendie 2002):

logNTt - logNTrK
K

where: | = class interval;
K = class amount;
NTt = maximum class value;
NTr = minimum class value.

To calculate percentage of each interval, the following formula was used (Effendie
2002):
Ki

P=—

X 100

where: P = percentage of each class interval;
Ki = amount of tiger shrimp on i-class interval;
K = total of tiger shrimp.

Growth pattern of tiger shrimp. Growth pattern of tiger shrimp can be obtained by using
the following formula (Effendie 2002):
W = al® or InW = In a + b (InL)

where: W = tiger shrimp weight (g);
L = tiger shrimp carapace length (cm);
a and b = constant of regression result.

The growth pattern is isometric if b = 3. If b > 3, then the growth pattern is
allometrically positive, whereas if b < 3, then the growth pattern is allometric negative.
(Effendie 1997).

Correlation analysis. Correlation analysis is used to analyze the relationship strength
between the physico-chemical water parameters and the density of tiger shrimp. The
correlation analysis was conducted with Pearson correlation analysis (SPSS version
22.00) with the coefficient value obtained between +1 to -1 (Sarwono & Budiono 2012).
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Results

Density of tiger shrimp. The study found that the highest tiger shrimp density value
was at station 2 (5.167 ind m™), followed by station 1 (3.333 ind m™) and the lowest
was at station 3 (2.167 ind m™). The density of tiger shrimp at each observation station
can be seen in Figure 2.
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Figure 2. Density of tiger shrimp in each station.

Length-frequency distribution. Based on the results of the study, the maximum
carapace length found in this study was 9.25 mm and the minimum length was 2.29 mm
(Table 1).

Table 1
Length-frequency distribution of tiger shrimp

Class interval (mm) Percentage of size class (%)

2.29-3.06 1.56
3.07-3.83 17.18
3.84-4.61 31.25
4.62-5.39 10.94
5.4-6.16 15.63
6.17-6.94 1.6

6.95-7.71 12.5
7.72-8.48 6.25
8.49-9.25 3.13

Growth pattern. Based on the results of the study, the growth patterns of tiger shrimp
from the three stations showed negative allometric growth properties (value b < 3)
(Figure 3). Station 1 with a coefficient value of b = 2.131 is the highest coefficient of any
other station, while the smallest coefficient b value is at station 3 which is 1.1468. The
linear equation stating the correlation between tiger shrimp’s carapace length and weight
can be seen in Table 2.

Table 2
Length-weight relationship of P. monodon in each station
Station  Amount of Length-weight R? r Growth pattern

tiger shrimp  relationship equation

1 20 W = 1.0623L%*3! 0.6364 0.864 Negative allometric

2 31 W = 1.318L1°13¢ 0.6294 0.718 Negative allometric

3 13 W = 3.4959| 11468 0.5884 0.794 Negative allometric
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Figure 3. Tiger shrimp’s growth pattern in each station.

Physico-chemical parameters of water in each station. The range of average values
of physico-chemical parameters obtained during research at each station can be seen in
Table 3.

Table 3
Range of average value of physico-chemical paramaters of water at each station
Station
Parameter 1 > 3
Physical
Water temperature (°C) 30-31 30.5-31 30-32
Water brightness (cm) 33-46 25-30 54-81
Water depth (m) 1.96-2.105 4.27-4.5 1.31-1.96
Current velocity (m s™) 0.357-0.582 0.296-0.369 0.434-0.753
Substrate fraction (%6) Sand: 27 Silt: Sand: 17 Sand: 29 Silt:
38 Silt: 60 33
Clay: 35 Clay: 23 Clay: 38
Chemical
Water pH 4.33-4.54 4.96-5.53 5.57-6.59
Water salinity (%o0) 12-25 16-27 12-18
Dissolved oxygen (mg L™) 2.2-2.9 1.9-3.0 1.9-2.0
Biochemical oxygen demand (mg L™) 0.4-1 0.7-2.1 0.1-2.0
Nitrate (mg L™) 0.01-0.03 0.02-0.04 0.01-0.02
Phosphate (mg L™) 0.03-0.1 0.04-0.2 0.03-0.1
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The results of water temperature measurements obtained in the study area have
a range between 30.0 and 32°C. The brightness of the water indicates a range between
25 and 81 cm. The depth of water has a range between 1.31 and 4.5 m. The result of
substrate fraction in the estuary waters of Karang Gading shows that the waters are
mostly dominated by silt (in station 1 and 2), and clay (in station 3). Current speeds in
the research area have a range of 0.296 to 0.753 m s™*. The pH measurements range
from 4.33 to 6.59. The salinity of the water indicates a range of 12 to 27%o.. DO in the
study area had a range of 1.9 to 3 mg L™, while BODs ranged from 0.1 to 2.1 mg L™. The
results of nitrate measurements showed a range of 0.01 to 0.04 mg L™, while the
phosphate levels ranged from 0.03 to 0.2 mg L™.

Correlation analysis. The results of the physico-chemical parameters correlation value
(r) analysis showed that all parameters were negatively correlated (Table 4), where the
values of water brightness, water salinity, current speed, water depth, BODs, water pH
and nitrate had a very strong inversely proportional correlation to the density of tiger
shrimp. DO values have a strong inversely proportional correlation to the density of tiger
shrimp and water temperature values have a weak inversely proportional correlation to
tiger shrimp density, and phosphate has a very weak inverse correlation to tiger shrimp
density.

Table 4
Pearson’s correlation values between tiger shrimp’s density and physico-chemical
parameters of water in research area

Physico-chemical water parameters Correlation value
Temperature - 0.385
Brightness - 0.983
Salinity - 0.911
Current velocity - 0.867
Depth - 0.961
Dissolved oxygen - 0.691
Biochemical oxygen demand - 0.999
pH - 0.907
Nitrate - 0.998
Phosphate - 0.161

Discussion

Density of tiger shrimp. Station 2 with the highest density is a natural mangrove
ecosystem area that leads to the offshores, mangroves at this station are dominated by
cingam (S. hydrophyllacea) which has strong roots and has a lot of litter that causes
shrimp to take refuge in this area. Sawida (2013) stated that the amount of litter in
mangrove areas will increase the production of detritus that is used by aquatic organisms
such as shrimp as a food source. Station 1 with the second highest density is a water
area that is located adjacent to the community-owned encroachment area and is
dominated by A. marina. Pane & Suman (2020) state that petroleum industry activities,
ship traffic, palm plantations and other industries do not directly affect the shrimp life
cycle. Station 3 with the lowest density is an area adjacent to palm plantations and is
dominated by mangi-mangi (R. apiculata) which does not have strong roots and does not
have litter that can be used by tiger shrimp as a source of food. Osmaleli et al (2014)
reported that the conversion of mangrove ecosystem land as a place of settlement,
industry, oil palm plantations and even cultivated land will negatively impact the
availability of shrimp. Suroso et al (2014) stated that the availability of food has a huge
potential for the survival of shrimp in the waters of the Mahakam Delta and the
abundance of juveniles is determined by the total number of larvae.
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Length-frequency distribution. The highest percentage of tiger shrimp size class is
found in class hoses of 3.84 to 4.61 mm by 31.25%, while the lowest percentage of size
classes is found in class hoses of 2.29 to 3.06 mm by 1.56%. The results of this study
are almost the same as that conducted by Uddin et al (2016), who found tiger shrimp in
the Bay of Bengal, India having a maximum carapace length of 9.5 mm and a minimum
of 3.5 mm. Solanki et al (2020) also reported that tiger shrimp found in shrimp ponds of
the Government of Gujarat, India had a maximum carapace length ranging from 14 to 16
mm and the minimum carapace length ranging from 3 to 8 mm.

The results of the frequency distribution of tiger shrimp length obtained during the
study showed that shrimp caught in all stations on the Karang Gading estuary waters
were classified into three size classes, namely small size with carapace length of 2.29 to
3.83 mm, medium size with carapace length of 3.84 to 6.94 mm and large size with
carapace length of 6.95 to 9.25 mm. The three size classes were obtained from local
fishermen who often group the size of shrimp to be sold in the local market. From the
results of the length frequency distribution of tiger shrimp obtained during the study,
most of the tiger shrimp population was dominated by medium size, so that the three
research stations can be said to be feeding areas and nursery ground. The difference in
the number or frequency of tiger shrimp in all class hoses of catchment might be due to
the influence of environmental conditions and mangrove types around the research area.

The three size classes of caught tiger shrimp (Table 1) are also not much different
from those found by Dimenta & Arismen (2017) who got three classes of tiger shrimp
size in the intertidal area of Belawan, namely small (carapace range 2.20 to 4.44 mm),
medium (carapace range 4.45 to 6.69 mm) and large (carapace more than 6.69 mm).
Furthermore, Rosle & Ibrahim (2017) divided tiger shrimp found in the Kelantan Delta,
Malaysia into three size classes ranging from small (< 15 mm) and medium (25 to 30
mm) to large (35 to 40 mm).

Growth pattern. The value of b obtained from the three research stations illustrates
that the increase in the length of tiger shrimp carapace is faster than the increase in
weight, so that at all three research stations found tiger shrimp that have a slender body.

Tiger shrimp obtained in all stations in the Karang Gading estuary waters had
a variety of sizes, ranging from small to large. The smaller the shrimp, the faster the
carapace increases, but the weight increase is slow. Conversely, the larger the
shrimp, the increase in carapace slows down and is replaced by a faster increase in
weight. In this study, the growth pattern could be influenced by factors such as the
age of the shrimp. Juvenile shrimps were abundant in the length frequency
distribution chart, as supported by Mulya et al (2011) that shrimp that have a small
to medium size experience a very fast increase in carapace length, but the weight
increase is very slow, while shrimp that have a large size experience a decrease in
length gain and increased weight gain.

Chatterji et al (2015) stated that photoperiods (dark and light) and turbidity
levels can affect the juvenile growth patterns of tiger shrimp, where the value of b
obtained in dark conditions and high turbidity was higher (b = 3.99) than light
conditions (b = 1.52). Uddin et al (2016) stated that the growth pattern of tiger
shrimp is strongly influenced by gender, age, maturity stage, food availability, fishing
area and environmental conditions. Udoinyang et al (2016) stated that factors such
as the type of season, environmental conditions and food availability greatly affect
the growth pattern of tiger shrimp. Komi et al (2017) stated that the growth pattern
of tiger shrimp in the Andoni river was allometric because it was influenced by
competition and adaptation challenges. Siagian et al (2020) reported that the growth
pattern of tiger shrimp in the Tukad Aya estuary was allometrically negative due to
differences in the age of each individual, the number of shrimp samples measured
and the condition of the waters, and Indarjo et al (2020) added a negative allometric
growth pattern due to high food competition factors that make shrimp accelerate the
molting process to grow.
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Physico-chemical parameters of water in each station. The temperature range
obtained by each station is still relatively normal and can be tolerated by tiger shrimp.
Chaitanawisuti et al (2013) reported that the water temperature range of 29 to 30°C still
supports postlarvae tiger shrimp to grow. Syukri & Ilham (2016) stated that postlarvae
tiger shrimp experienced good growth in the water temperature range of 27 to 31°C.
Amien et al (2020) found that the temperature of water in a river estuary that can be
used for tiger shrimp cultivation ranged from 28.8 to 31.6°C. Suriadarma (2011) stated
that the difference in temperature obtained is thought to be due to different times during
temperature measurements and levels of organic and inorganic substances capable of
increasing heat delivery.

Station 2 had the lowest brightness namely 25 cm and station 3 had the highest
brightness namely 81 cm. The range illustrates that the waters of Karang Gading are
classified as murky and tend to be favored by tiger shrimp. Herlina et al (2017) found
that with a water brightness range of 20 to 72.5 cm tiger shrimp can still survive.
Suriadarma (2011) stated that the higher the brightness level, the farther away from the
beach, while the low brightness level is thought to be due to its proximity to the beach
which causes many suspended particles to be carried away by the flow of the river.

Station 2 is the station with the highest water depth, which is 4.5 m deep,
followed by station 1 as deep as 2.105 m, and the lowest at station 3 as deep as 1.31 m
and the depth range obtained still supports the life of tiger shrimp. According to Herlina
et al (2017) at a water depth with a range of 1.75 to 3.5 m can still be found tiger shrimp
dominated by young tiger shrimp, then Dimenta & Arismen (2017) reported there are
tiger shrimp that are small to medium in the water depth with a range of 2.63 to 4.94 m.
Station 3 is the station with the lowest water depth allegedly because the location of this
station is close to oil palm plantations that result in plantation waste entering the waters,
thus making these waters shallower than other stations. Osmaleli et al (2014) stated that
the conversion of mangrove ecosystem land as a place of settlement, industry, oil palm
plantations and even cultivated land will negatively affect the availability of shrimp.

Based on the results of laboratory analysis, station 3 obtained the highest sand
fraction value of 29%, while station 2 only obtained a fraction value of 17%, being the
lowest. The highest silt fraction value obtained by station 2 was as much as 60%, while
station 3 only had 33% of dust fraction and is classified as the lowest. Station 3 also
obtained the highest clay fraction value which was as much as 38% and the lowest clay
fraction obtained by station 2 was as much as 23%.

Station 2 obtained the slowest current speed value of 0.296 m s, followed by
faster current on station 1 by 0.357 m s and the fastest current at station 3 which was
0.753 m s™. According to Wardana (2011), tiger shrimp can be found at current speeds
between 0.5 and 0.8 m s™ in the waters of Aceh Besar, then Petatan-Ramirez et al
(2020) found that the presence of tiger shrimp in the Indo-Pacific region was found at a
minimum current speed of 0.23 m s™ and a maximum of 0.3 m s™*. The current speed
obtained during the research in the estuary waters of Karang Gading is relatively calm
and good for the life of tiger shrimp.

Station 3 received the highest water pH value of 6.59, while station 1 obtained the
lowest water pH value of 4.33. Li et al (2015) reported that tiger shrimp can live at pH
7.8 to 8.6, and Rosle & lbrahim (2017) found that there were 163 tiger shrimp that
survived in the pH range of 7.05 to 7.68. The range of water pH obtained during the
study showed that the pH of water tends not to support the life of tiger shrimp allegedly
due to organic and inorganic material wastes in the area that allow the tiger shrimp
metabolism to be disrupted.

Station 2 had the highest salinity value of 27%o., then station 1 had 25%. and
station 3 had the lowest salinity value of 12%o.. The salinity range obtained during the
study showed that the salinity of the water in the research area was still in tolerance in
favor of tiger shrimp life. This is in accordance with Syukri & Ilham (2016) who stated
that the range of water salinity of 25 to 30%eo0 is good enough for tiger shrimp in making
skin changes, then Usman & Rochmady (2017) stated that in the range of water salinity
of 30 to 31%o0 postlarvae tiger shrimp can still grow well.
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Station 2 obtained the highest DO value of 3 mg L™, then 2.2 mg L™ was obtained
at station 1 and station 3 obtained the lowest DO value of 1.9 mg L. DO =5 value is the
standard of DO quality according to the Decree of Minister of Environment No. 51 of 2004
(KepMenLH). Almadi et al (2013) reported that the availability of DO in traditional ponds
in the Mahakam Delta for the growth of tiger shrimp ranged from 6.9 to 7.2 mg L mg L™
and Hidayat (2017) stated the optimum value of DO content for the maintenance of tiger
shrimp ranged from 4.27 to 5.26 mg L mg L™.

Station 2 has the highest BODs content of 2.1 mg L mg L™, while station 3 has the
lowest BODs content of 0.1 mg L mg L™. The difference in BODs value obtained from the
three stations is suspected due to the influence of differences in organic matter waste
that has been mixed in the mouth of the river. According to Silaen & Mulya (2018) the
difference in BODs value is due to the different amounts of organic matter at each
research station.

Station 3 had the nitrate content of 0.02 mg L mg L™ and station 2 has nitrate
levels of 0.04 mg L™. The highest phosphate content found at stations 1 and 3 was 0.1
mg L mg L™, while the lowest phosphate content was at station 1 and 3 which was 0.03
mg L mg L. Barus (2004) stated that the high nitrate levels supported by the availability
of nutrients in an ocean can stimulate the growth and development of the biota.

Correlation analysis. The correlation values in opposite directions or negatives
generated in all parameters in this study indicate that the higher the correlation value of
each parameter, the lower the density of tiger shrimp obtained. The correlation value
between temperature and density of tiger shrimp is worth -0.385. This means that if
there is an increase in water temperature, then there is a decrease in the density of tiger
shrimp. Temperature will affect the metabolic process of tiger shrimp, where the higher
the temperature of the waters, the faster the metabolic process. This is supported by
Verawati (2016) that rising water temperatures will increase the metabolic rate and
growth rate of aquatic biota and oxygen consumption which also increases. Ropiah &
Mahyuddin (2000) stated that when there is an increase in temperature of 10°C will
result in an acceleration of chemical reactions almost 2 times in the metabolic process.

The correlation between the brightness and density of tiger shrimp is very strong
and is inversely proportional, with the value of -0.983. If the brightness of the water is
high, then the density of tiger shrimp decreases, conversely with low water brightness
predators will have difficulties to prey on tiger shrimp because of a decrease in visibility.
Mulya & Yunasfi (2018) stated that when the brightness level is high, predators will more
easily prey on shrimp and conversely when the brightness level is low, the visibility of
predators will be disturbed to get prey.

The correlation between water salinity and tiger shrimp density is very strong and
was negatively valued (-0.911). If there is an increase in salinity, then the density of
tiger shrimp decreases, where the optimum salinity for shrimp life is 20 to 30%o0 and in
salinity conditions more than 40%o shrimp growth will stop (Boyd & Fast 1992). This is
also supported by research of Syukri & llham (2016) who stated that the range of water
salinity of 25 to 30%eo is good enough for tiger shrimp in doing skin turnover.

The correlation of current speed with shrimp density is negative and very strongly
correlated (-0.867). These results indicate that the faster the current, the faster the
density of shrimp will decrease resulting in disruption of tiger shrimp’s life. Mulya &
Yunasfi (2018) found that when the current speed calms down, many shrimp do foraging
activities, conversely when the current speed increases, shrimp will choose to immerse
themselves in the substrate.

The correlation between water depth and tiger shrimp density shows the value of
-0.961 which means it is a very strong negative correlation which means that the density
of tiger shrimp will decrease as the water depth increases. According to Herlina et al
(2017) at the depth of water with a range of 1.75 to 3.5 m it can still be found tiger
shrimp dominated by medium-sized individuals.

The correlation value between pH and shrimp density is -0.907. This indicates that
if there is an increase in pH, then there is a decrease in the density of tiger shrimp. The
low pH value of water at all three stations is due to the large waste of organic and
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inorganic materials in the region, which caused shrimp’s metabolism to be disrupted due
to the waste accumulation. Fajrilian (2018) stated that the low pH of water can cause
shrimp to become stressed and interfere with the molting process so that shrimp
carapace becomes mushy.

The correlation between DO and tiger shrimp density is negative and strong
(-0.691), meaning that when DO increases, the density of tiger shrimp also decreases.
The range of DO values in the research area was between 1.9 and 3 mg L™, where the
DO results are not in accordance with the value of DO > 5 which is the standard of DO
amount according to The Minister of Environment Decision No. 51 of 2004.

The correlation between BODs and shrimp density is strong and negatively valued
(-0.999). If there is an increase in BODs, then the density of tiger shrimp decreases. The
same result is also found by Silaen & Mulya (2018) who stated that the correlation
between BODs and shrimp density is worth -0.984, where the high value of BODs can be
used as a bioindicator of the number of organic compounds that enter a water. The
greater the BODs value of water, the lower the DO content. Hatta (2014) reported that
the more organic matter in water, the greater the value of BODs, and vice versa.

The correlation between nitrate content and the density of tiger shrimp shows a
negative value of -0.998 which means that the correlation is very strong, which means
that the density of tiger shrimp will decrease if there is an increase in nitrate content,
while the correlation between the content of phosphate and the density of tiger shrimp
shows the negative value of -0.161 which means that the correlation is very weak, which
means that the density of tiger shrimp will increase as the phosphate content decreases.

Conclusions. The highest tiger shrimp population density was found at station 2 which
was 5 ind m? and the lowest was at station 3 which was 2 ind m™. The distribution of
length frequency of tiger shrimp was dominated by young shrimp, namely at a class
interval of 3.84 to 4.61 mm with a percentage of 31.25%. The growth pattern of tiger
shrimp at all stations was allometrically negative (value b < 3), where the highest b
value is at station 1 (2.131) and the lowest at station 3 (1.1468). The values of
brightness, salinity, current speed, depth, BODs, pH and nitrate are negative and very
strongly correlated with the density of tiger shrimp. DO has a strong negative correlation,
while temperature has a weak negative correlation to the density of tiger shrimp and
phosphate negatively correlates very weakly to the density of tiger shrimp. The research
data obtained can be used to establish reccomendations for local fishermen community
on the eligibility of tiger shrimp fishing based on certain body length.
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