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Vibrio spp. are key bacterial groups influencing pond health in shrimp
aquaculture. This study examined the relationship between Vibrio abundance in
Pacific white shrimp (Litopenaeus vannamei) and pond water in intensive grow-
out ponds in Jepara, Central Java. Ten ponds were monitored for two months
(DOC 7-56) using weekly paired shrimp and water sampling. Ponds were
categorized by surface area as small (100-250 m2), medium (560 m2), and large
(1,000 m2). Vibrio abundance was quantified using APW enrichment and TCBS
agar plating, followed by Spearman’s correlation and generalized linear model
analyses. Across all ponds, Vibrio levels were consistently higher in shrimp (5.7
x 10%-2.6 x 10° CFU/g) than in pond water (10°~10° CFU/mL). In 9 of 10 ponds,
correlations between shrimp and water Vibrio were weak or non-significant,
indicating that waterborne levels alone do not reliably reflect bacterial loads in
shrimp. Only one pond showed a strong and significant correlation. Generalized
linear model results indicated no significant differences in Vibrio abundance
among pond size categories in either shrimp or water. These findings demonstrate
that pond size did not significantly influence Vibrio dynamics and highlight the
need for simultaneous monitoring of shrimp and pond water. Sustained high
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microbial risk, even when water quality remains within acceptable ranges.

1. Introduction

Shrimp aquaculture is among the fastest-growing
food production sectors globally, with Pacific white shrimp
(Litopenaeus vannamei) accounting for over 80% of farmed
shrimp and reaching 6.83 million tonnes in 2022 (Shinn et al.,
2025). Its rapid expansion is driven by rising seafood
consumption, increasing demand for high-protein foods, and
the shift from declining capture fisheries to intensive
aquaculture systems (Chen, Kumar, et al., 2024). Asian and
Southeast Asian countries play a central role in sustaining
global production. Even though shrimp is cultivated in nearly
70 countries, about 80% of output comes from major
producers such as China, Thailand, Indonesia, Vietnam,
Ecuador, and India (Eun et al., 2020). Given this production
concentration, microbiological control is crucial for
maintaining farm performance and competitiveness in
international markets. Within the aquaculture sector, the FAO
estimates that disease outbreaks result in annual economic
losses exceeding USD 9 billion, representing roughly 15% of
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the total global value of farmed fish and shellfish production
(Kumar et al., 2021). Within Southeast Asia, Indonesia is a
key producer, but its diverse tropical environments continue
to pose challenges for consistent production outcomes (Tran
etal., 2017).

Among the microbial hazards affecting shrimp
aquaculture, Vibrio species grow rapidly under favorable
conditions and, as motile heterotrophs capable of associating
with various aquatic organisms, occupy diverse ecological
niches (Kumarage et al., 2022; Takemura et al., 2014). In
tropical pond systems, these characteristics allow Vibrio to
associate with both rearing water and shrimp hosts, enabling
populations to respond differently to environmental
conditions in the water column and within the shrimp host,
and potentially amplifying variability in bacterial abundance
across pond systems. Their natural presence in marine and
brackish waters, along with their ability to proliferate under
unstable environmental conditions and adapt to a wide range
of environmental stresses, makes them a persistent concern
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(Sampaio et al., 2022). Pathogenic species such as V.
parahaemolyticus, V. wvulnificus, and V. harveyi are
recognized as major causes of severe shrimp diseases,
including Acute Hepatopancreatic Necrosis Disease
(AHPND) and luminous vibriosis (Kumar et al., 2021).
Shrimp affected by vibriosis typically show symptoms such
as slow growth and skin necrosis (Yudiati et al., 2021),
illustrating the extent of physiological and tissue damage
caused by these pathogenic Vibrio strains. These infections
have led to substantial global production losses and pose
additional risks to human health (Brum et al., 2021;
Shanmugasundaram et al., 2015).

The expansion and increasing virulence of Vibrio
populations have been associated with warming coastal
waters and environmental changes (Brumfield et al., 2025),
emphasizing the importance of health management in pond
systems (Brum et al., 2021). Although Vibrio contamination
affects food safety, its most immediate impacts in aquaculture
relate to farm biosecurity, pond stability, and the ability of
producers to maintain consistent yields (Brauge et al., 2024).
Theoretically, differences in pond scale may further shape
these processes, as smaller ponds are often more susceptible
to rapid bacterial proliferation due to limited water volume
and greater environmental fluctuations. In contrast, larger
ponds generally exhibit more buffered conditions but may
display distinct environmental characteristics, such as
relatively lower and more stable temperatures. These
differences highligh the need for careful water quality
monitoring to understand Vibrio dynamics across pond
systems. Therefore, an understanding of how water quality
influences Vibrio dynamics in the water and corresponds to
bacterial levels in shrimp is required (Sampaio et al., 2022).

The abundance of Vibrio within shrimp is also
shaped by host factors such as immune function, microbiome
composition, feeding activity, and physiological stress
(Chang et al., 2024; Zhang and Sun, 2022). However, the
connection between environmental Vibrio levels and their
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accumulation in shrimp tissues remains poorly defined,
particularly in tropical aquaculture systems in Indonesia,
where pond sizes and management practices vary widely. In
tropical intensive pond systems, key water quality parameters
such as light intensity (lux), temperature, salinity, pH,
dissolved oxygen (DQO), and water transparency are
considered important in shaping Vibrio dynamics. However,
dissolved oxygen (DO) and salinity are commonly reported
as particularly influential factors in shrimp pond
environments. To address this gap, the present study
investigates the association between Vibrio abundance in
pond water and in L. vannamei tissues across ponds of
different sizes and sampling periods.

2. Material and methods
2.1 Sample and Sampling Method

Ten grow-out ponds used for farming Pacific white
shrimp (L. vannamei) in Jepara, Central Java, were selected
as sampling sites (Figure 1). The ponds were classified into
three size categories to represent different production scales:
small ponds (100-250 m2; n = 7), medium ponds (560 m2; n
= 1), and large ponds (1,000 m%, n = 2). This classification
was intended to capture variation in pond area and
management intensity across the production system.

Sampling was conducted using a time-series design
over period two-month, with seven sampling events
performed at weekly intervals, spanning from DOC 7 to DOC
56. At each sampling time, water and shrimp samples were
collected simultaneously from the same fixed point within
each pond to obtain paired and spatially consistent data
(Mustafa et al., 2022). This fixed point was located near the
pond corner where organic matter tends to accumulate due to
aerator-driven water circulation, representing an area of
elevated microbial activity. All samples were collected
aseptically, stored in ice-cooled containers, and transported to
the laboratory on the same day for immediate analysis.
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Figure 1. Sampling Location

2.2 Materials and Equipment
Alkaline Peptone Water (APW) was utilized for
bacterial enrichment and serial dilution, whereas Thiosulfate

Citrate Bile Salts Sucrose (TCBS) agar supplemented with
2% sodium chloride (NaCl) was applied as the selective



medium for the isolation and enumeration of Vibrio spp.
(Scruggs et al., 2024).
2.3 Sample Preparation and Selective Agar

Shrimp samples were prepared by aseptically
dissecting the hepatopancreas and muscle tissue, followed by
homogenization of 1 g of the combined tissue in 10 mL of
Alkaline Peptone Water (APW) to obtain the 10° dilution.
Serial dilutions (107'-107%) were subsequently prepared in 9
mL of APW (Tawhid et al., 2024). Pond water samples were
diluted directly to 107" and 1072 by transferring 1 mL of water
into 9 mL of APW. For selective isolation, 0.1 mL of each
dilution was spread onto TCBS agar supplemented with 2%
NaCl. Each dilution of both shrimp and water samples was
plated in duplicate to ensure consistency of bacterial
enumeration. Plates were incubated at 34-38 °C for 24-48 h
to allow selective recovery of Vibrio colonies (Faulds et al.,
2023).
2.4 Colony Enumeration and Correlation Analysis Method

Colony enumeration was conducted using the Total
Plate Count (TPC) method. Vibrio colonies on TCBS agar
were counted after incubation, and viable bacterial
concentrations were calculated using the standard plate count
formula (Chen et al., 2024):

(Number of Colonies) x Dilution Factor
TPC =
Volume Plated

Correlation analysis between Vibrio abundance in
shrimp and pond water was conducted using Spearman’s rank
correlation coefficient (p). All statistical analyses were

Table 2. Water Quality Parameters
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performed in SPSS 25, and correlation estimates were
generated for each pond size category and sampling period.
In addition, a generalized linear model (GLM) was applied to
evaluate whether variations in Vibrio abundance among
ponds could be explained by measured water quality
parameters.

Table 1. Spearman Correlation Range (Selala et al., 2019)
Spearman’s p (rho) Strength of Relationship

0.00-0.20 Very Weak / Negligible
0.21-0.40 Weak
0.41-0.60 Moderate
0.61-0.80 Strong
0.81-1.00 Very Strong
3. Results

3.1. Total Abundance of Bacteria in Shrimp and Pond Water

The total abundance of Vibrio spp. in shrimp and
pond water across all ponds and sampling days is shown in
Table 3 and Table 4. These values summarize the bacterial
counts for each pond category and sampling time, providing
an overview of Vibrio distribution throughout the two-month
grow-out period. The measured water quality parameters
(Table 2) also showed no notable differences in mean values
among the three pond categories, indicating that the
environmental conditions were relatively similar across
ponds.

Parameter Small Pond Mid Pond Large Pond Water Quality Standard
(Mean = SD) (Mean = SD) (Mean = SD)
Lux (lux) 44.118+7699 46.393+5146 46.976+6351 >10.000
Temperature (°C) 27.88+0.95 28.74+1.13 28.62+0.98 26-32°C
pH 8.26+0.24 8.26+0.12 8.28+0.14 7.0-8.5
Dissolved Oxygen 4.58+1.06 4.58+0.98 4.60+0.98 >4 mg/L
/DO (mg/l)
Salinity (ppt) 35.02+3.85 35.70+3.56 35.89+3.47 25-35 ppt
Table 3. Total Vibrio Abundance in Shrimp (CFU/qg)
DOC S1-S S2-S S3-S S4-S S5-S S6-S S7-S M1-S L1-S L2-S
7 41x10% 3,8x10% 2,8x10% 4,3x108 - - - - 6,8 x 108 -
14 - - - - 47x107 12x107 32x10" 1,4x107 - 2,6 x 10°
21 1,7x107 1,4x107 38x10° 7,1x10® 3,8x10° 15x10%° 35x10° 19x10° 1,9x10" 3,8x10°
28 1,7x10% 1,4x10% 96x10° 3,8x10° 43x1% 13x10% 2,1x10% 1,1x10% 3,2x10® 7,0x10°
35 52x10® 4,1x10® 23x10° 6,3x10® 59x10® 3,0x10® 1,8x10% 28x10° 1,0x10® 5,4x10°
42 41x10° 94x10° 32x10° 15x10% 16x10% 2,1x10° 14x107 51x10% 3,1x10° 1,5x10°
49 9,2x10® 57x10* 83x10* 45x10° 1,0x10" 4,1x10° 12x10% 18x10% 3,5x10* 3,2x10°
56 9,7x10° 10x10% 76x10% 24x105 78x10° 28x10° 42x10%° 19x10% 17x10°% 24x10°
Total 6,4x107 58x107 43x10" 64x10" 1,0x10" 34x10® 80x10%° 35x10% 1,0x10% 3,7x108

Abundance CFU/g

The abundance of Vibrio spp. in shrimp samples
(Table 3) showed considerable variation among ponds and
across sampling times. Vibrio abundance in the small ponds
ranged from 5.7 x 10* to 4.3 x 10® CFU/g, with the highest
values (S1-S to S7-S) observed early in the monitoring period
(DOC 7 and 21). In the medium-pond category (M1-S), peak
abundance also occurred early in the monitoring period,
reaching 107 CFU/g, before declining to an average of 10°—
10¢ CFU/g from DOC 21 to 56. In the large-pond category
(L1-S to L2-S), the highest values were similarly recorded at
the beginning of the culture period, at 6.8 % 10® and 2.6 % 10°
CFU/g, while subsequent abundances fluctuated within the
range of 10*-107 CFU/g from DOC 21 to 56.

Pond water samples (Table 4) showed lower total
Vibrio abundance across all ponds compared to the levels
observed in water. In the small-pond category (S1-W to S7-
W), values ranged between 10° and 10° CFU/ml, with no
consistent peak observed among ponds. In the medium-pond
category (M1-W), abundances remained relatively stable at
around 10* CFU/ml, falling within the range of 2.0 x 10* to
5.2 x 10* CFU/ml. Meanwhile, in the large-pond category
(L1-W to L2-W), initial values ranged from 4.8 x 10% to 1.2
x 10° CFU/ml, and no substantial increase in bacterial
abundance was observed across DOC intervals.

The maximum limit of Vibrio bacteria commonly
referenced for shrimp pond environments is approximately
10* CFU/ml. However, the total abundance detected in



shrimp tissues frequently exceeded this level, ranging from
10*to 108 CFU/g and in some cases reaching up to 10° CFU/g.

Table 4. Total Vibrio Abundance in Water (CFU/ml)
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In pond water, Vibrio concentrations were also relatively
high, with most values falling within 10* to 10° CFU/ml.

DOC S1-W S2-W S3-W S4-W S5-W S6-W S7-W M1-W L1-W L2-W
7 43x10°  76x10° 47x10° 13x10° - - - - 9.3x 10° -
14 - ; ; - 15x10°  28x10° 72x10°  2,0x 10 ; 2,5x 10
21 1,5 x 10° 1,7 x 10* 2,5x 10* 6,8 x 10° 2,7 x10° 3,4 x10* 7,2 x10° 6,5 x 10* 2,2 x 10* 7,8 x10°
28 15x10°  40x10° 13x10° 91x10° 24x10° 40x10° 18x10° 35x10° 23x10° 51x10°
35 10x10° 28x10° 18x10° 13x10° 70x10° 69x10° 87x10° 32x10° 12x10°  87x10*
42 1,0 x 104 3,4x10° 3,8x10° 7.2 x10° 8,7 x 10° 4,3x10* 9,9 x 10* 5,2 x 10* 48x10° 2,6 x 10*
49 62x10° 29x10° 15x10° 69x10° 55x10° 24x10° 74x10° 10x10° 26x10° 6,7 x10°
56 11x10°  56x10° 91x10° 44x10° 12x10° 72x10° 17x10° 24x10° 20x10° 42 x10*
Total Abundance 1,3x10° 5,5 x 10* 4,1x 10 2,5x10* 1,1 x10° 4,1x 10 6,6 x 10* 4,8 x 10 4,5x 10 3,7 x 10*
CFU/mI
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Figure 2. Dynamics of Bacterial Abundance in Shrimp and Pond Water in Small Ponds (A); Medium Ponds (B); and Large Ponds
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The maximum limit of Vibrio bacteria commonly The correlation analysis showed wide variation in
referenced for shrimp pond environments is approximately the relationship between Vibrio levels in shrimp and pond
10* CFU/ml. However, the total abundance detected in water (Table 5). In small ponds, S1 and S3 had strong but
shrimp tissues frequently exceeded this level, ranging from non-significant positive correlations, while S2 showed a very
10%to 10% CFU/g and in some cases reaching up to 10° CFU/g. strong and statistically significant one. Ponds S4 and S5

In pond water, Vibrio concentrations were also relatively
high, with most values falling within 10* to 10° CFU/ml.
Across all pond categories, shrimp consistently
exhibited higher Vibrio abundance than pond water
throughout the sampling period. In the small-pond group
(Figure 2.A), shrimp showed marked fluctuations with

exhibited weak positive correlations, and S6 and S7 showed
very weak correlations. The medium pond (M1) displayed a
moderate negative correlation. In large ponds, L1 showed a
very weak positive correlation and L2 a weak negative
correlation. Aside from S2, none of the correlation values

several peaks and declines, while water samples remained were statistically significant.

lower and relatively stable. A similar pattern was observed in The association between water quality parameters
the medium-pond group (Figure 2.B), where shrimp and Vibrio abundance across ponds was evaluated using a
abundance remained at higher levels with moderate variation, generalized linear model (GLM). The analysis showed no
and water samples stayed low and steady. In the large-pond significant effects of the measured water quality parameters
group (Figure 2.C), shrimp abundance showed a gradual on Vibrio abundance in either pond water or shrimp (Table
decline over time, whereas water samples displayed only 6). No significant relationship was observed between
minor variations with consistently lower values. Overall, the

visual trends across all pond sizes indicate that shrimp environmental parameters and Vibrio evels in water (F =
o . . D 1.033; p = 0.423) or in shrimp (F = 0.264; p = 0.981).
maintained substantially higher Vibrio loads than pond water, P yori imp ( P )

with no major differences in the general pattern among the
three pond categories.

Table 5. Spearman’s Correlation Result
Water and Shrimp

POND Correlation Coefficient Sig. (2-tailed) Description
S1 0.714 0.071 Strong (Not Significant)
S2 0.857 0.014 Very Strong (Significant)
S3 0.679 0.094 Strong (Not Significant)
S4 0.357 0.432 Low (Not Significant)
S5 0.393 0.393 Low (Not Significant)
S6 0.179 0.702 Very Low (Not Significant)
S7 0.107 0.819 Very Low (Not Significant)
M1 -0.464 0.294 Mid-Negative (Not Significant)
L1 0.143 0.760 Very Low (Not Significant)
L2 -0.375 0.432 Low-Negative (Not Significant)

Table 6. Generalized Linear Model (GLM) analysis of the relationship between water quality parameters and Vibrio abundance in
water and shrimp

Sample GLM analysis

F Sig.

Water Vibrio 1.033 0.423

Shrimp Vibrio 0.264 0.981
3.3. Shrimp Growth mean body length increased from 3.50 £ 0.75 cm to 12.80 +
Shrimp growth performance across the culture 0.84 cm over the same period. Average daily growth (ADG)
period is presented in Table 7. Both average body weight and showed a generally increasing pattern throughout the culture
body length exhibited a consistent increase with advancing period, with lower values observed during the early stages

days of culture (DOC). Mean body weight increased from and higher growth rates recorded at later DOC.

0.43£0.32 g at DOC 7 to 12.09 + 2.21 g at DOC 56, while

Table 7. Growth Parameters of L. vannamei at Different Days of Culture (DOC)

DOC Average Body Weight (gr) Average Daily Growth (gr) Length (cm)
7 0.43 £0.32 3.50 +0.75
14 0.89 £0.24 0.07 5.24 £0.41
21 1.50 +0.22 0.09 6.35 +0.41
28 2.66 £0.57 0.17 7.24 £0.48
35 4.72 +0.98 0.29 8.97 +0.95
42 6.21 +0.86 1.49 10.72 £1.46
49 9.27 +2.28 0.44 11.24 +0.74

56 12.09 +2.21 0.40 12.80 +0.84




4. Discussion

The results show that Vibrio spp. consistently
exhibited higher abundance in shrimp than in pond water
across all pond-size categories. This suggests that shrimp
tissues such as the intestine, gills, and hepatopancreas provide
stable, nutrient-rich microhabitats that support bacterial
colonization and growth (Salama and Chennaoui, 2024; Xian-
wei and Petersen, 2025). Furthermore, evidence shows that
the health status of shrimp is closely interrelated with gut
microbiota through the maintenance and modulation of the
immune system (Yudiati and Azhar, 2024), indicating that
microbial communities within shrimp tissues play an
important role in host defense and overall physiological
stability. The surrounding water column is characterized by
more variable and competitive conditions, where fluctuations
in nutrient availability, particle attachment, and interactions
with competing bacteria and other microorganisms create a
less stable environment for Vibrio spp. (Geisser et al., 2025;
Thorstenson and  Ullrich, 2021). Shrimp-associated
microhabitats allow bacterial populations to persist and
accumulate more consistently.

The lower vibrio abundance observed in pond water
relative to shrimp tissues does not indicate negligible
microbial risk. Despite vibrio concentrations in pond water
reaching 10*-10° CFU, these levels were recorded under
physicochemical conditions that remained stable and within
acceptable ranges throughout the study period. These findings
indicate that Vibrio levels in both shrimp and pond water
were elevated and surpassed the commonly cited
environmental threshold (Amalisa et al., 2021). Here,
stability refers to the temporal consistency of water quality
parameters rather than to reduced microbial abundance
(Doren et al., 2013). The low abundance of Vibrio in the pond
water was likely related to the stability of water quality
parameters (Asni et al., 2023), which remained within normal
ranges throughout the study. Stable environmental conditions
can suppress the growth of free-living Vibrio, even when
temperature, salinity, and pH fall within favorable ranges for
bacterial development (Sheikh et al., 2022). Increases in
Vibrio generally occur when water quality fluctuates, such as
during sudden temperature changes, reductions in dissolved
oxygen, higher turbidity, or the buildup of organic matter.
These fluctuations create conditions that favor opportunistic
bacteria (Brumfield et al., 2023). However, because water
quality remained stable during the study, abrupt increases in
Vibrio populations in the water column were likely limited.

Consistent with the observed stability of water
quality, the generalized linear model (GLM) analysis
demonstrated that the measured environmental parameters
did not have a significant effect on Vibrio abundance in either
pond water or shrimp. The lack of significant relationships
suggests that, under relatively stable physicochemical
conditions, variation in water quality parameters alone was
insufficient to explain differences in Vibrio levels among
ponds (Xiong et al., 2014).

Differences among pond sizes further illustrate
distinct microbial dynamics. Small ponds exhibited sharper
fluctuations in shrimp-associated Vibrio, likely due to limited
water volume that makes organic loading and microbial
conditions more sensitive to change (Schryver and Vadstein,
2014). Medium ponds displayed more stable patterns,
whereas large ponds showed a gradual decline toward the end
of the culture period, reflecting more homogeneous
environments that buffer rapid microbial shifts.
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Temporal changes in shrimp growth during the
culture period provide additional context for interpreting
Vibrio dynamics (Quigg et al., 2025). As shrimp body weight
and length increased progressively with advancing days of
culture, the available surface area and internal tissue volume
for microbial colonization also increased. Furthermore, the
increase in average daily growth (ADG) at later stages of
culture indicates elevated metabolic activity and feed intake,
which may enhance nutrient availability within the gut
environment and support bacterial persistence within shrimp
tissues (Rivera et al., 2023; Goh et al., 2023).

Correlation analysis revealed substantial variation in
the relationship between Vibrio abundance in shrimp and
pond water across the different pond categories. Positive
correlations in several ponds indicate that increases in
waterborne Vibrio were accompanied by corresponding
increases in shrimp, suggesting that the dynamics of the host
and surrounding environment moved in parallel. This pattern
may occur when environmental fluctuations, microbial
interactions, and host-related factors align in a way that
allows changes in the water column to be reflected within
shrimp tissues (Deris et al., 2022; Makwarela and Seoraj-
pillai, 2025). In contrast, negative correlations observed in
multiple ponds imply that higher concentrations of Vibrio in
water did not necessarily result in greater colonization of the
host. Such patterns may arise when management
interventions temporarily reduce waterborne Vibrio levels
without immediately affecting bacterial populations already
established within shrimp tissues. Practices such as partial
water exchange, organic matter removal, or probiotic
application may alter microbial conditions in the water
column while host-associated Vibrio populations respond
more slowly (Alfiansyah et al., 2018). Such outcomes may be
influenced by physiological defense mechanisms within the
shrimp (Yildirim-aksoy et al., 2022), immune responsiveness
(Shakweer et al., 2023), or environmental shifts that do not
directly affect bacterial attachment on or within the host.

Although all ponds were managed under similar
operational conditions, pond S2 still exhibited a markedly
stronger correlation between waterborne and shrimp-
associated Vibrio compared to the other ponds. Such
differences may arise from unmeasured environmental
factors or natural variability within pond ecosystems (Fries et
al., 2022), as subtle differences in organic matter distribution,
microbial community structure, sediment conditions, or
animal behavior can influence microbe—host interactions
even under uniform management practices (Zhou et al.,
2025). This type of unexplained variation is common in
aquaculture systems, where complex biological and
environmental processes can produce divergent outcomes
among ponds despite identical inputs. Therefore, the strong
correlation observed in S2 may reflect pond-specific
characteristics that were not captured in the measured
parameters (biotic and abiotic factors) (Wang et al., 2022),
rather than differences in applied treatments (Wan et al.,
2025).

From a practical perspective, these findings
emphasize the importance of comprehensive biosecurity
monitoring strategies in shrimp aquaculture. Because Vibrio
populations can persist and accumulate within shrimp tissues
even when water quality parameters remain stable, reliance
on water-based monitoring alone may underestimate
microbial risks. Routine assessment of shrimp tissues,
alongside conventional water quality measurements, is
therefore recommended to provide a more accurate
evaluation of Vibrio dynamics and potential disease risk in



shrimp farming systems (Xiong et al., 2016; Farag et al.,
2023).

5. Conclusions

Vibrio spp. were consistently more abundant in
shrimp than in pond water across all pond-size categories,
indicating that shrimp tissues function as primary reservoirs
for bacterial persistence in tropical aquaculture systems. The
predominance of weak or negative correlations between
waterborne and shrimp-associated Vibrio, together with the
GLM results showing that measured water quality parameters
did not significantly explain variations in Vibrio abundance,
suggests that differences in Vibrio levels among ponds were
not driven by the physicochemical parameters assessed in this
study. Furthermore, progressive shrimp growth during the
culture period likely provided increasing opportunities for
bacterial persistence within host tissues, highlighting the
importance of host-associated factors in shaping Vibrio
dynamics. These findings emphasize that biosecurity
monitoring should prioritize shrimp tissue analysis alongside
water quality assessment, while acknowledging study
limitations related to the short monitoring period and the
absence of concurrent environmental variables, such as
organic matter levels, in the correlation analysis.
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