
Original Research Articles 

Modulation of the gut microbiome in       Penaeus monodon   by stocking   
density  
Wenzhe Li1,2, Jianzhi Shi2, Jiang Song2, Qibin Yang2, Hongshan Diao2, Yundong Li2, Jianhua Huang2, Lishi Yang2,
Yangyang Ding2, Falin Zhou1,2,3 a 

1 Key Laboratory of Efficient Utilization and Processing of Marine Fishery Resources of Hainan Province, Sanya Tropical Fisheries Research Institute, 
Sanya 572018, China, 2 Key Laboratory of South China Sea Fishery Resources Exploitation and Utilization, Ministry of Agriculture and Rural Affairs, 
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China, 3 State Key Laboratory of Biocontrol / 
Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), School of Life Sciences, School of Marine Sciences, Sun Yat-sen University, 
Guangzhou 510275, China 

Keywords: stocking density, growth performance, water quality, gut microbiota, Penaeus monodon 

https://doi.org/10.46989/001c.162573 

Israeli Journal of Aquaculture - Bamidgeh 
Vol. 78, Issue 2, 2026 

Stocking density is a key management factor in intensive shrimp culture because it 
affects shrimp growth, system loading, and the structure of host-associated microbial 
communities. In this study, juvenile black tiger shrimp (Penaeus monodon) were cultured 
for 40 days at four stocking densities (50, 75, 100, and 150 individuals/m3) to evaluate 
growth performance, water quality, and intestinal bacterial community composition. 
Growth traits and survival were recorded, water quality variables were monitored during 
culture, and gut bacterial communities were characterized by 16S rRNA gene sequencing. 
Increasing stocking density significantly reduced final body length, final body weight, 
weight gain rate, specific growth rate, and survival (P < 0.05). Ammonia-N and nitrite 
showed upward trends in the medium- and high-density groups during the later culture 
stage, suggesting increased loading of the culture system. Alpha diversity of the 
intestinal bacterial community declined under higher stocking density, and principal 
coordinate analysis indicated compositional separation among treatments at day 40. 
Proteobacteria were the dominant phylum in all groups. The relative abundance of Vibrio 
increased in the higher-density groups, whereas Bacillus and Acinetobacter were relatively 
more abundant in the lower-density groups. PICRUSt2 output is reported here only as 
predicted functional potential rather than direct evidence of metabolic activity. Overall, 
the results indicate that excessive stocking density is associated with poorer production 
performance and altered gut bacterial community structure in Penaeus monodon under 
indoor culture conditions. Within the density range tested, lower to moderate stocking 
densities appeared more favorable for maintaining growth performance and a 
comparatively stable intestinal microbial profile. 

INTRODUCTION 

The black tiger shrimp (Penaeus monodon), also known as 
the giant tiger prawn, is one of the most economically im
portant marine shrimp species worldwide and is widely dis
tributed in tropical and subtropical coastal regions. Owing 
to its large body size, superior flesh quality, and high mar
ket value, it is highly favored in premium seafood markets. 
P. monodon exhibits strong environmental adaptability and 
can be cultured in saline and brackish waters, making it 
suitable for pond culture, intensive tank systems, and recir
culating aquaculture systems. According to the China Sta
tistical Yearbook (2023), domestic production of P. mon
odon reached 128,420 tons. Despite continued production 

growth, domestic supply remains insufficient to meet mar
ket demand, and large quantities are still imported from 
Southeast Asian countries. This situation highlights the 
need for more efficient intensive culture strategies. During 
the transition toward intensive culture, stocking density 
has become a key management factor affecting shrimp per
formance and culture stability. Excessively high stocking 
density and feeding rates can alter key physicochemical pa
rameters of the culture environment, including dissolved 
oxygen, ammonia nitrogen, nitrite, and pH, thereby in
creasing environmental pressure on cultured shrimp.1,2 

High stocking density has also been reported to affect gut 
microbiota composition and immune status in shrimp.1 In 
addition, elevated nitrogen and phosphorus loads can im
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pose direct physiological stress on shrimp, leading to 
growth inhibition, oxidative stress, altered antioxidant de
fense, and tissue damage in Litopenaeus vannamei.3 Previ
ous studies in P. monodon have shown that elevated stock
ing density can reduce growth performance and survival in 
pond and nursery systems. 

Although the effects of stocking density on growth per
formance and survival have already been documented in P. 
monodon,4‑6 previous studies in this species have mainly 
focused on production traits rather than intestinal micro
bial responses under indoor culture conditions. In contrast, 
the intestinal microbiota of penaeid shrimp has been 
shown to vary with host developmental stage, diet, and cul
ture-related conditions.7,8 Therefore, the key question in 
the present study was not whether stocking density affects 
P. monodon in general, but whether different stocking den
sities are associated with coordinated changes in growth 
performance, water quality, and gut microbial community 
structure under controlled indoor culture conditions.9 

Based on this rationale, we hypothesized that increasing 
stocking density would reduce growth performance, in
crease environmental loading, and alter gut microbial di
versity and community composition in P. monodon under 
indoor culture conditions. 

Accordingly, this study aimed to evaluate the effects of 
different stocking densities on growth performance, water 
quality, and intestinal microbial communities of P. mon
odon under controlled indoor conditions. 

MATERIALS AND METHODS 

2.1 EXPERIMENTAL ANIMALS AND CULTURE 
CONDITIONS 

The experiment was conducted at the Shenzhen Experi
mental Base of the South China Sea Fisheries Research In
stitute, Chinese Academy of Fishery Sciences. A total of 
1,050 healthy juvenile P. monodon was selected, with an av
erage body weight of 3.80 ± 0.17 g and body length of 6.51 
± 1.17 cm. Four stocking density treatments were estab
lished: 50, 75, 100, and 150 individuals per cubic meter, 
designated as G1, G2, G3, and G4, respectively. Each treat
ment consisted of three replicates, resulting in a total of 12 
circular tanks. 

Prior to the experiment, shrimp were acclimated for two 
days and fed a commercial diet. The culture trial lasted 
40 days and was conducted in polyethylene circular tanks 
(80 cm diameter, 70 cm height). Continuous aeration was 
provided to maintain sufficient dissolved oxygen. Shrimp 
were fed three times daily (08:30, 14:30, and 20:30) with a 
commercial formulated diet at 3–5% of total biomass. One-
third of the water volume was exchanged every two days to 
maintain water quality. 

2.2. SAMPLE COLLECTION AND PROCESSING 

For gut microbiota analysis, shrimp were fasted for 24 h 
prior to sampling. 

At the end of the experiment, intestines were aseptically 
dissected from shrimp in each treatment group. 

For each biological replicate, intestines from five shrimp 
were pooled to obtain sufficient microbial DNA for se
quencing. 

All pooled samples were immediately frozen in liquid ni
trogen and stored at −80 °C until DNA extraction. Samples 
collected at day 0 served as the control group (CK). 

2.3. GROWTH PERFORMANCE CALCULATIONS 

Weight gain rate (WGR), specific growth rate (SGR), and 
survival rate (SR) were calculated as follows: 

WGR (%) = (Final weight − Initial weight) / Initial weight 
× 100 

SGR (% day-1) = (ln Final weight − ln Initial weight) / Cul
ture days × 100 

SR (%) = Number of surviving shrimp / Initial number × 
100 

2.4. DNA EXTRACTION, SEQUENCING, AND 
BIOINFORMATICS ANALYSIS 

Total genomic DNA was extracted from intestinal samples 
using the E.Z.N.A.® Soil DNA Kit (Omega Bio-tek, USA). 
DNA quality and concentration were assessed by agarose 
gel electrophoresis and NanoDrop spectrophotometry. The 
V3–V4 region of the bacterial 16S rRNA gene was amplified 
using primers 338F and 806R, and sequencing was per
formed on an Illumina platform. Raw reads were quality-fil
tered, merged, and processed using QIIME2. Taxonomic as
signment was conducted against the SILVA v138 database, 
and functional profiles were predicted using PICRUSt2. 

2.5 STATISTICAL ANALYSIS 

Growth performance and water quality data were analyzed 
using one-way analysis of variance (ANOVA) in SPSS soft
ware, followed by Duncan’s multiple range test. 

Results are expressed as mean ± standard error (SE), and 
differences were considered significant at P < 0.05. For mi
crobiome analysis, alpha-diversity indices were used to de
scribe within-sample diversity, and beta-diversity patterns 
were visualized by principal coordinate analysis (PCoA) 
based on Bray–Curtis distances. Because no additional mul
tivariate significance testing, such as PERMANOVA or 
ANOSIM, was performed in the present analysis, beta-di
versity results were interpreted descriptively rather than as 
formally validated statistical differences. LEfSe was used as 
an exploratory method to identify differentially enriched 
taxa, and the corresponding results were interpreted cau
tiously rather than as independently validated biomarkers. 

RESULTS 

3.1. EFFECTS OF STOCKING DENSITY ON GROWTH 
PERFORMANCE 

Stocking density significantly affected growth performance 
and survival of P. monodon (Table 1). Final body length, 
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Table 1. Effects of stocking density on growth performance and survival of           Penaeus monodon .  

Group 
Final body 

length(mm) 
Final body 
weight(g) 

Weight gain 
rate(%) 

Specific growth rate 
(%·d⁻¹) 

Survival rate 
(%) 

G1 94.77±1.26a 6.33±0.85a 153.37±11.1a 101.71±4.4a 68.33±1.04a 

G2 90.59±1.32a 5.67±0.76a 152.81±10.2a 98.21±5.6a 63.33±1.92a 

G3 83.53±1.1b 5.42±0.72b 126.48±8.7b 81.11±2.9b 46.67±2.17b 

G4 79.15±1.09b 5.46±0.57b 109.51±7.3c 69.93±6.3c 44±4.03b 

Values are presented as mean ± SE (n = 3). Different superscript letters within the same column indicate significant differences among treatments (P < 0.05). 

Table 2. Changes in water quality parameters under different stocking densities during the culture period.              

Culture day Group Ammonia-N (mg·L⁻¹) Dissolved oxygen (mg L⁻¹) Nitrite (mg L⁻¹) pH 

0d 

G1 1.88±0.59 13.25±4.84 0.04±0.02 8.71±0.09 

G2 1.78±0.76 13.87±1.32 0.23±0.1 8.76±0.02 

G3 2.12±1.11 17.13±0.58 0.32±0.06 8.77±0.03 

G4 2.13±0.33 15.75±0.92 0.3±0.04 8.74±0.05 

20d 

G1 2.49±0.14a 14.18±0.64 0.32±0.13a 8.56±0.03a 

G2 1.88±0.88b 11.76±0.54b 0.25±0.05a 8.52±0.02a 

G3 1.79±1.46b 13.23±2.69a 0.14±0.15b 8.58±0.08a 

G4 2.12±0.55a 12.51±3.74b 0.3±0.13a 8.56±0.08a 

40d 

G1 1.98±0.48b 15.53±7.6b 0.32±0.09b 8.18±0.15a 

G2 3.49±0.64a 14.69±1.76b 0.35±0.15b 8.16±0.14a 

G3 3.09±1.19a 17.14±1.33a 0.33±0.06b 8.07±0.02b 

G4 2.21±1.19b 13.32±1.3c 0.41±0.01a 8.18±0.03a 

Values are presented as mean ± SE (n = 3). Different superscript letters within the same culture day indicate significant differences among treatments (P < 0.05). 

body weight, weight gain rate, and specific growth rate de
creased progressively with increasing density. Shrimp in 
the low-density group (G1) exhibited significantly higher 
growth performance than those in the high-density groups 
(G3 and G4) (P < 0.05). Survival rate showed a similar trend, 
with the highest value observed in G1 and the lowest in G4. 

3.2. EFFECTS OF STOCKING DENSITY ON WATER 
QUALITY 

Water quality parameters remained within acceptable 
ranges for shrimp culture throughout the experiment 
(Table 2). Ammonia nitrogen and nitrite concentrations 
tended to increase in medium- and high-density groups 
during the later culture stage, while dissolved oxygen and 
pH remained relatively stable. Although no statistically sig
nificant differences were detected, consistent density-de
pendent trends were observed, particularly during the later 
culture stage. 

3.3. SEQUENCING SUMMARY STATISTICS 

Sequencing summary statistics for the intestinal microbiota 
samples are presented in Table 3. 

A total of 577,374,004 raw reads and 577,353,952 clean 
reads were obtained from 12 samples. 

The number of raw reads per sample ranged from 
40,891,838 to 61,898,742, whereas clean reads ranged from 
40,890,994 to 61,896,516. 

Q20 values ranged from 99.22% to 99.42%, and Q30 val
ues ranged from 97.42% to 97.97%, indicating high se
quencing quality. 
The average GC content across all samples was 50.71%, 
ranging from 46.83% to 53.75%. 

3.4. INTESTINAL MICROBIAL DIVERSITY AND 
COMMUNITY STRUCTURE 

High-throughput sequencing revealed a rich and diverse 
gut microbiota across all treatments. 
Alpha diversity indices declined with increasing stocking 
density (Figure 1). 

PCoA based on Bray–Curtis distances suggested differ
ences in microbial community composition between low- 
and high-density treatments at day 40 (Figure 2). 

However, because no additional multivariate significance 
tests were performed, these beta-diversity patterns should 
be interpreted as descriptive compositional trends rather 
than definitive statistical separations. 

3.5. TAXONOMIC COMPOSITION AND FUNCTIONAL 
PREDICTION 

Proteobacteria dominated the gut microbiota across all 
treatments, followed by Firmicutes and Bacteroidota (Fig
ure 3). High-density groups showed increased relative 
abundance of the potentially pathogenic genus Vibrio, 
whereas beneficial genera such as Bacillus and Acinetobacter 
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Table 3. Sequencing summary statistics of intestinal microbiota samples from different stocking-density           
treatments.  

Sample Raw reads Raw bases 
Clean 
reads 

Clean bases 
Error 
rate(%) 

Q20(%) Q30(%) 
GC 
content(%) 

G1-1 61898742 9284811300 61896516 9242788707 0.0196 99.41 97.97 52.91 

G1-2 45663312 6849496800 45661780 6819379730 0.0205 99.22 97.42 49.43 

G1-3 50345378 7551806700 50344086 7498205461 0.0201 99.32 97.66 53.75 

G2-1 41505076 6225761400 41504078 6192988653 0.0197 99.42 97.97 46.83 

G2-2 43481080 6522162000 43479496 6476616032 0.0197 99.4 97.94 47.12 

G2-3 47077800 7061670000 47075848 7006943695 0.0202 99.31 97.62 51.01 

G3-1 46989524 7048428600 46987290 6990060916 0.02 99.3 97.69 50.29 

G3-2 42619338 6392900700 42618228 6359183007 0.0202 99.3 97.61 53.64 

G3-3 61304616 9195692400 61301208 9157012736 0.0199 99.37 97.83 52.83 

G4-1 40891838 6133775700 40890994 6099719756 0.0201 99.34 97.72 49.56 

G4-2 49214590 7382188500 49213434 7338640829 0.0202 99.25 97.57 47.51 

G4-3 46382710 6957406500 46380994 6908826694 0.0203 99.28 97.54 53.65 

Figure 1. Alpha diversity indices of gut microbiota in        Penaeus monodon   cultured under different stocking     
densities.  
Shannon, Simpson, Chao1, and ACE indices were calculated based on 16S rRNA gene sequencing data to evaluate microbial richness and diversity. Values are presented as mean ± SE 
(n = 3). 

were enriched in low-density groups (Figure 4). Venn analy
sis revealed both shared and unique ASVs among density 
treatments (Figure 5). Functional prediction based on PI
CRUSt2 indicated that high-density conditions promoted 
shifts toward energy-related and stress-associated meta
bolic pathways (Figure 6). In addition, LEfSe analysis iden
tified distinct bacterial taxa that were significantly enriched 
under different stocking density treatments, highlighting 
density-specific microbial biomarkers associated with 
changes in gut community structure (Figure 7). 

DISCUSSION 

Stocking density is a fundamental management factor in 
intensive shrimp culture.1 

In the present study, increasing stocking density sig
nificantly reduced growth performance and survival of P. 
monodon.4‑6 Ammonia nitrogen and nitrite showed upward 
trends in the medium- and high-density groups during the 
later culture stage, suggesting that environmental loading 
increased as biomass and feed input accumulated over time 
in the culture system.10 These results indicate that the neg
ative effects of high stocking density are better interpreted 
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Figure 2. Principal coordinate analysis (PCoA) based on Bray–Curtis distances showing differences in gut             
microbial community structure among stocking density treatments at day 40. Each point represents one               
biological replicate.   

Figure 3. Relative abundance of dominant bacterial phyla in the gut microbiota of            Penaeus monodon   cultured  
under different stocking densities. Only phyla with a mean relative abundance greater than 1% are shown.                 

in the context of crowding and culture-system pressure in 
shrimp farming than by direct extrapolation from finfish 
physiology.11 

Stocking density was also associated with variation in 
gut microbial diversity and community composition in the 
present study. 

High-density treatments showed reduced alpha diversity 
and an altered microbial structure. These results indicate 
that elevated stocking density was associated with intesti
nal microbial shifts under indoor culture conditions. 

An important limitation of the present study is that the 
surrounding environmental microbial community, particu
larly the rearing-water microbiota, was not characterized. 
Thus, the microbial differences observed among density 

treatments cannot be confidently attributed solely to stock
ing density, because the intestinal microbiota of shrimp is 
also influenced by background microbial assemblages in the 
culture environment.2 The intestinal microbiota of shrimp 
has been shown to be closely associated with microbial 
communities in the surrounding water and sediment.12,13 

In addition, the contribution of ambient microbiota to 
shrimp gut microbial composition may increase during the 
aquaculture process. This limitation should be taken into 
account when interpreting treatment-driven modulation of 
the gut microbiome in P. monodon. 

PICRUSt2 analysis suggested differences in predicted 
functional potential among treatments, but these results 
represent functional inference from 16S rRNA gene data 
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Figure 4. Relative abundance of major bacterial genera in the gut microbiota of            Penaeus monodon   under different   
stocking densities. Genera with potential probiotic or pathogenic relevance are highlighted.            

Figure 5. Venn diagram showing shared and unique       
amplicon sequence variants (ASVs) among different       
stocking density treatments, illustrating similarities      
and differences in gut microbial composition.       

rather than direct evidence of microbial metabolic activ
ity.13 

The relatively higher abundance of Vibrio in the high-
density treatment should also be interpreted with caution. 
Some Vibrio species are recognized as opportunistic 
pathogens in shrimp aquaculture.14 However, the present 
study did not include pathogen isolation, species-level con
firmation, virulence testing, or clinical disease diagnosis. 
Therefore, the increase in Vibrio relative abundance cannot 
be regarded as direct evidence of pathogenic infection. 

Likewise, the lower survival observed under high-density 
conditions should not be interpreted solely as a microbio
logically driven disease outcome. Instead, reduced survival 
may also reflect density-related competition in P. monodon 
culture5 and increased environmental pressure in intensive 
shrimp systems.15 In contrast, Bacillus and Acinetobacter 
were relatively more abundant in the lower-density treat
ments. 

The intestinal microbiota of P. monodon has been re
ported to vary with developmental stage and diet-related 
factors.7 Density-associated shifts in intestinal microbiota 
have also been observed in Litopenaeus vannamei.8 Taken 
together, these findings suggest that excessive stocking 
density may constrain shrimp performance through inter
acting effects on culture-system loading and intestinal mi
crobial structure. 

CONCLUSIONS 

Stocking density is a key determinant of growth perfor
mance, water quality dynamics, and gut microbial ecology 
in P. monodon. Excessively high-density compromises 
growth, survival, and microbial stability, whereas moderate 
density supports balanced microbiota, stable environmen
tal conditions, and improved production efficiency. These 
findings provide a scientific basis for optimizing stocking 
density in intensive black tiger shrimp aquaculture sys
tems. 
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