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ABSTRACT
This study evaluated biosecurity practices in five tilapia fry hatcheries in the Federal District, Brazil, between August 
2023 and August 2024. Data analysis showed high compliance in water quality monitoring, feed management, 
and mortality records, but weaknesses in quarantine, visitor control, use of personal protective equipment, pest 
control, and sanitary fallowing. No significant differences were observed among thematic groups (p > 0.05), 
although variation among farms was detected (p < 0.001). Biosecurity adoption is partial and non-standardized, 
highlighting the need for improved protocols and management practices.

Keywords: Fish health management; Risk assessment; Water quality monitoring; Disease prevention; Sustainable 
aquaculture practices.

Biossegurança na aquicultura no Brasil: Avaliação de alevinos de tilápia 
incubatórios no Distrito Federal

RESUMO
Este estudo avaliou as práticas de biosseguridade em cinco unidades produtoras de alevinos de tilápia no 
Distrito Federal, Brasil, entre agosto de 2023 e agosto de 2024. Os resultados indicaram elevada conformidade 
no monitoramento da qualidade da água, manejo alimentar e registros de mortalidade, mas fragilidades nos 
protocolos de quarentena, controle de visitantes, uso de equipamentos de proteção individual, controle de pragas 
e vazio sanitário. Não foram observadas diferenças significativas entre os grupos temáticos (p > 0,05), embora 
tenha sido identificada variação entre as propriedades (p < 0,001). A adoção da biosseguridade é parcial e não 
padronizada, evidenciando a necessidade de aprimoramento dos protocolos e das práticas de manejo.

Palavras-chave: Sanidade de peixes; Avaliação de risco; Monitoramento da qualidade da água; Prevenção de 
doenças; Aquicultura sustentável.
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INTRODUCTION
The Nile tilapia (Oreochromis niloticus) is among the most 

widely farmed fish species worldwide, ranking as one of the leading 
species in global aquaculture. Its continued expansion is attributed 
to favorable traits such as hardiness, rapid growth, efficient feed 
conversion, and tolerance to high stocking densities, which enable 
broad adaptation to diverse farming systems (El-Sayed, 2021; 
FAO, 2024). In 2022, global tilapia production was estimated at 
approximately five million tons, consolidating its role as a strategic 
pillar for food security in many countries (FAO, 2024).

In Brazil, tilapia farming accounts for 62.7% of national 
aquaculture production, reaching 662.2 thousand tons in 2024, 
thereby reinforcing its economic and social relevance (Peixe BR, 
2025). Despite this expansion, the activity faces major sanitary 
risks, primarily linked to the spread of emerging pathogens 
such as tilapia lake virus and Infectious Spleen and Kidney 
Necrosis Virus (ISKNV), in addition to the lack of standardized 
biosecurity protocols in certain production stages, particularly 
hatcheries (Ayiku et al., 2024; Surachetpong et al., 2020). This 
phase is especially critical due to high stocking densities and 
the increased immunological susceptibility of fry (Emam et al., 
2025; MacKinnon et al., 2023).

Biosecurity is widely recognized as a cornerstone for the 
prevention and control of aquatic animal diseases, integrating 
physical, chemical, and administrative barriers (FAO, 2020; 
WOAH, 2021). International guidelines, such as those from the 
World Organization for Animal Health (WOAH) and technical 
manuals from the Food and Agriculture Organization of the 
United Nations (FAO), emphasize that the adoption of best 
management practices, sanitary record-keeping, epidemiological 
surveillance, and traceability protocols is fundamental to 
reducing vulnerabilities and mitigating the spread of infectious 
agents (FAO, 2021; WOAH, 2021).

In this framework, assessing adherence to biosecurity 
practices across regions is essential to identify gaps and propose 
strategies that strengthen both sanitary and economic sustainability 
in aquaculture. This study aimed to evaluate the adoption of 
biosecurity practices in tilapia hatcheries in Brazil, focusing on the 
Federal District, and to contribute to the international discussion on 
challenges and opportunities for improving aquatic animal health.

MATERIALS AND METHODS
A cross-sectional and semi-quantitative survey was conducted 

between August 2023 and August 2024 to characterize biosecurity 
practices in Nile tilapia hatcheries in the Federal District, Brazil. 

The study population included all hatchery operators active 
in the region, totaling five farms, which represented 100% of 
the target population.

Questionnaire structure
The survey instrument consisted of 89 closed-ended 

questions with binary responses (“yes” or “no”), three multiple-
choice questions, and two open-ended questions. The items were 
grouped into five thematic domains: 
•	 G1: on-farm biosecurity practices (23 questions); 
•	 G2: access control and equipment sanitation (13 questions); 
•	 G3: measures for vehicles, visitors, and workers (seven 

questions); 
•	 G4: water quality monitoring (12 questions); 
•	 G5: implementation of preventive and/or corrective measures 

(34 questions).

Survey design, application, and data collection
The questionnaire was developed based on technical 

guidelines and regulatory frameworks for aquaculture, including 
the Plano Distrital de Vigilância e Boas Práticas em Aquicultura 
(Portaria SEAGRI No. 88/2023) (Distrito Federal, 2023a), 
the National Program for the Health of Aquatic Animals of 
Cultivation (Brasil, 2015; 2019), and the Peixe-BR Aquatic 
Biosecurity Guide (Peixe BR, 2023). Data were collected 
either in person or via teleconference with technical managers 
or farm administrators, ensuring comprehensive coverage of 
management and sanitary practices.

Statistical analysis
The data were initially tabulated in Microsoft Excel for 

organization and structuring of responses. Subsequently, 
statistical analyses were performed in R software (version 4.3.2; 
R Core Team, 2023), applying both descriptive and inferential 
statistics. The analyses were categorized according to their 
objective and purpose to facilitate interpretation.
•	 Data organization and characterization: tabulation of absolute 

and relative frequencies (%);
•	 Basic descriptive statistics: standard deviation and relative 

variability;
•	 Association testing: χ2 test of independence to identify 

associations between groups of questions and responses; 
Cramér’s V to measure the strength of associations between 
categorical variables;

•	 Group comparisons: analysis of variance (ANOVA) to evaluate 
differences in mean conformity between groups of farms;

•	 Linear relationships: Pearson’s correlation to examine linear 
relationships between responses from different questions;
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•	 Exploration of patterns and latent structures: hierarchical 
cluster analysis to group questions with similar responses; 
principal component analysis (PCA) to identify underlying 
dimensions and synthesize variability in the dataset.

RESULTS AND DISCUSSION
Biosecurity practices in the evaluated hatcheries: identification 

of key risks
Data presented in Table 1 indicate high compliance with 

structural items: frequent fish monitoring (100%), stocking 
records (100%), knowledge of origin/health status (80%), and 
mandatory animal movement permits (GTA, 100%), in line with 
Brazilian regulations (MAPA Normative Instruction No. 4/2019) 
(Brasil, 2019) and the Plano Distrital de Vigilância e Boas 
Práticas em Aquicultura (Distrito Federal, 2023a).

Oversight by licensed professionals was reported by 80% 
of farms, and quarantine measures by 75–80%, aligning with 
recommendations for tilapia farming (MacKinnon et al., 2023). 

However, gaps persist regarding movement restrictions during 
outbreaks (20%), staff ability to recognize clinical signs (40%), 
and regular training programs (80%).

Transport emerged as a critical point: none of the farms provided 
documentation confirming vehicle disinfection, increasing the 
risk of cross-contamination (FAO, 2021; Peixe BR, 2023). 
Furthermore, 40% did not request or store records of treatments 
or vaccinations for incoming animals, hindering traceability and 
compliance with current regulations (Brasil, 2019). These findings 
underscore the need for standard operating procedures—already 
present in 60% of farms—and their dissemination to workers to 
ensure standardization and traceability.

Overall, the results of this study are consistent with those of 
Raposo et al. (2024), who assessed 112 commercial tilapia farms 
in the Federal District. In that survey, production systems showed 
varying levels of biosecurity compliance, with larviculture and 
juvenile trade farms achieving the second-highest conformity, 
surpassed only by closed grow-out systems. Annual evaluations 

Table 1. Adoption rates (%) of biosecurity practices in tilapia fry hatcheries in the Federal District, Brazil.

No. Question Yes (%) No (%)
1 Has fish movement ever been restricted to contain diseases? 20 80
2 Is there oversight by a veterinarian or another qualified professional? 80 20
3 Are fish frequently monitored for disease signs? 100 0
4 Do staff recognize the symptoms of major diseases? 40 60
5 Are training sessions conducted on management, biosecurity, and welfare? 80 20
6 Are there standard operating procedures (SOPs) for farm activities? 60 40
7 If SOPs exist, are they easily accessible to workers? 100 0
8 Is contact between farmed and wild fish controlled? 80 20
9 If broodstock are present, are there control and traceability of batch movements? 100 0

10 Is the stocking date recorded? 100 0
11 Is there control of stocking frequency and number of fish introduced? 80 20
12 Are the health status and source of incoming fish known? 80 20
13 Are incoming fry evaluated (e.g., swimming, coloration, mucus)? 40 60
14 Do fish have traceability documents (animal transit guide)? 100 0
15 Are incoming animals inspected and tested for diseases? 75 25
16 Are treatment and vaccination records requested and stored? 60 40
17 Do newly arrived fish undergo a 15-day quarantine? 80 20
18 Is there a designated facility for quarantine of newly introduced fish? 75 25
19 Are quarantine facilities separated from other fish areas? 80 20
20 Is water/equipment sharing between new and resident fish avoided? 100 0
21 Does the transport vehicle follow cleaning and disinfection protocols? 75 25
22 Does the transport vehicle provide a disinfection certificate? 0 100
23 Are the surfaces of transport containers smooth and easy to clean? 100 0
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conducted by the Secretariat of Agriculture, Supply and Rural 
Development of the Federal District (SEAGRI-DF) corroborate 
this trend: in the past two years, juvenile production units 
maintained the highest compliance rates compared to other 
systems (Distrito Federal, 2023b; Distrito Federal, 2024).

It is noteworthy that the Federal District has a voluntary sanitary 
certification program for hatcheries classified as biosecure, 
monitored, or officially pathogen-free (SEAGRI Ordinance No. 
175/2025). Full compliance (100%) with biosecurity standards 
is a mandatory prerequisite for certification, representing a 
strong incentive for improving sanitary performance in these 
production systems.

At the international level, the indices observed in the Federal 
District are similar to those reported by MacKinnon et al. (2023) 
in Southeast Asian countries, where logistical and economic 
constraints limit the full implementation of biosecurity measures. 
However, they remain below standards in more advanced 
contexts, such as Norway, where legislation mandates complete 
traceability and strict protocols for the transport of live aquatic 

Table 2. Adoption rates (%) for access control and equipment sanitation measures in farms.

No. Question Yes (%) No (%)
24 Have strict biosecurity measures been implemented (water, vehicles, and people)? 60 40
25 Do visitors and vehicles follow the farm’s biosecurity guidelines? 60 40
26 Is there a record of visitors’ and vehicles’ entry to the farm? 20 80
27 Is traffic within or outside the farm monitored and recorded? 20 80
28 Are there signs instructing visitors not to enter without authorization? 20 80
29 Is the gate kept locked when not in use? 60 40
30 Is there a single, controlled entry point to the production area? 60 40
31 Is access to the farm restricted? 80 20
32 Are purchases of products and medicines officially registered by the competent authority? 100 0
33 Are equipment and materials not shared with other farms? 100 0
34 Is equipment cleaned and disinfected frequently? 100 0
35 Are tools and materials for routine use properly stored? 100 0
36 Does the farm have adequate, well-maintained, and sufficient equipment? 100 0

animals—including vehicle approval, mandatory disinfection, and 
continuous water quality monitoring (Norway, 2019; Standard 
Norway, 2024). A comparable situation is observed in Chile, where 
full traceability systems and third-party audits are required for 
certification and commercialization (FAO, 2024; SeafoodSource, 
2023). In the European Union, the European Commission (2024) 
has also established a regulatory framework that integrates 
hygiene, transport, and environmental sustainability standards, 
reinforcing mandatory “farm-to-consumer” traceability.

Control of access and equipment sanitation in farms
Table 2 shows that physical and sanitary control measures are 

not fully consolidated in the evaluated hatcheries yet. Although 
80% reported restricted access, only 60% keep the gate locked 
and control entry through a single point, while warning signs 
are present in 20%. These numbers highlight vulnerabilities in 
controlling the entry of people and vehicles, an aspect already 
pointed out by MacKinnon et al. (2023) as one of the main 
vectors for pathogen introduction in tropical countries.

Low adherence to visitor and vehicle records (20%) and 
internal traffic monitoring (20%) compromise traceability and 
contradict the requirements of Normative Ordinance MAPA 
No. 4/2019 (Brasil, 2019), in addition to diverging from national 
biosafety guidelines (Peixe BR, 2023) and from international 
standards, such as the European Union’s “farm-to-fork” 
traceability framework (European Commission, 2024) and the 

mandatory sanitary protocols applied in countries like Norway 
and Chile (Norway, 2019; SeafoodSource, 2023).

On the other hand, high compliance was observed in the 
sanitation of equipment and supplies: 100% of farms carry out 
frequent cleaning and disinfection, proper storage, do not share 
materials with other farms, and use equipment in sufficient quantity. 
All also record the purchase of medicines and supplies with the 
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Table 3. Adoption rates of biosecurity measures for vehicles, visitors, and staff on farms.

No. Question Yes (%) No (%)
37 Is vehicle cleaning performed at the farm entrance using a sanitary arch or backpack sprayer? 40 60
38 Are there disinfection points for feet and hands before accessing production areas? 40 60
39 Do disinfection points have protective coverage? 0 100
40 Is soap available for hand hygiene before accessing production areas? 20 80
41 Is 70% alcohol available for hand hygiene before accessing production areas? 20 80
42 Are footbaths with water and disinfectant provided before accessing production areas? 40 60
43 Are no preventive measures applied? 20 80

Table 4. Percentage of farms that perform water quality monitoring.

No. Question Yes (%) No (%)
44 Are there screens at the water inlet and outlet? 100 0
45 Are filters used for inflow water cleaning? 80 20
46 Is any method of water disinfection applied? 20 80
47 Is regular monitoring of water pH performed? 100 0
48 Is regular monitoring of water temperature performed? 80 20
49 Is regular monitoring of dissolved oxygen performed? 60 40
50 Is regular monitoring of total alkalinity performed? 80 20
51 Is regular monitoring of nitrogen compounds performed? 80 20
52 Is regular monitoring of water hardness performed? 80 20
53 Are water quality monitoring results systematically recorded? 80 20
54 Is water used for transportation obtained from a safe source? 100 0
55 Does each pond have an exclusive water source, preventing water mixing? 100 0

competent authorities, ensuring traceability and compliance with 
legislation. These results are similar to those found by Raposo 
et al. (2024) and confirm the consolidation of good operational 
practices, already highlighted by Can et al. (2023) and Emam et al. 
(2025), as essential to reducing the risk of pathogen dissemination.

Thus, despite advances in the management of equipment 
and supplies, critical gaps remain in access control and visitor/
vehicle traceability, which reinforces the need for continuous 
training, incentives for sanitary certification, and stricter 
protocols, especially in regions of intensive production (Distrito 
Federal, 2023b; FAO, 2021; MacKinnon et al., 2023).

Biosecurity measures for vehicles, visitors, and 
staff on farms

The data in Table 3 show that the adoption of these measures 
remains incipient and heterogeneous. Only 40% of farms reported 
vehicle cleaning at the entrance and 40% provided disinfection 
points for feet and hands, yet none had protective coverage at 
these stations, which compromises the effectiveness of sanitizing 
agents. The provision of basic hygiene supplies was limited 
(20% offered soap or alcohol), and only 40% used footbaths. 
Furthermore, 20% of farms did not apply any preventive 
measure, representing a high risk for pathogen introduction.

These weaknesses are consistent with the literature, which 
identifies failures in access barriers as critical routes for the 
spread of emerging diseases, including ISKNV (Ayiku et al., 
2024; Debnath et al., 2023; Ramírez-Paredes et al., 2021). They 
also confirm the findings of Ayiku et al. (2024), Mazzucato et al. 
(2023), and Raposo et al. (2024), who emphasize that the lack 
of adequate infrastructure—such as covered footbaths—reduces 
the effectiveness of biosecurity measures. Thus, biosecurity 

related to visitors and vehicles remains a critical issue, requiring 
greater awareness, investment in infrastructure, and the 
standardization of protocols.

Water quality monitoring on farms
Water monitoring was identified as the most consolidated 

axis of biosecurity (Table 4). All farms reported using protective 
screens and exclusive water supply sources, in addition to 
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ensuring safe water for transportation (100%). The use of filters 
was reported by 80%, but only 20% applied active disinfection, 
indicating a weakness in the prevention of contaminants.

Regarding parameter monitoring, pH was controlled by 100% 
of the farms, while temperature, dissolved oxygen, alkalinity, 
nitrogen compounds, and hardness were monitored by 60–80%. 
In 80% of the cases, the results were recorded, allowing technical 
traceability. These findings are consistent with the rates reported 
by SEAGRI (Distrito Federal, 2024) in its surveillance reports.

This scenario demonstrates a clear perception of the importance 
of water quality, although the low adoption of disinfection methods 
still represents a gap. Recent studies reinforce that, despite the 

relatively good level of technification, the absence of disinfection 
increases sanitary risks in intensive systems (Debnath et al., 2023; 
FAO, 2021; MacKinnon et al., 2023).

Implementation of preventive and/or corrective 
measures to reduce or eliminate risks on farms

Table 5 shows high compliance with management practices: 
100% of farms reported controlling inputs, using stage-specific 
feeds, performing biometrics, removing and recording mortality, 
and disinfecting tanks before introducing new batches. However, 
deficiencies persist in operational and structural aspects. Only 
40% reported the use of personal protective equipment (PPE), 

Table 5. Percentage of farms implementing preventive and/or corrective measures to reduce or eliminate risks on the properties.

No. Questions Yes (%) No (%)
56 Records suppliers or sales of fry for sanitary and genetic control? 60 40
57 Controls suppliers of feed, drugs, and other inputs? 100 0
58 Specific area for drug storage? 100 0
59 Use of feed specific to the production phase? 100 0
60 Control of feed quantity and frequency? 100 0
61 No live food offered in fish farming? 100 0
62 Strict control of feed and drug expiration dates? 100 0
63 Specific area for feed storage? 100 0
64 Feed storage area controlled for humidity, temperature, insects, and rodents? 100 0
65 Program for pest and vector control? 60 40
66 Pest control performed by specialized company? 0 100
67 Pest control records kept? 0 100
68 Periodic biometrics performed? 100 0
69 Size differences among fry respected to avoid competition? 100 0
70 Handling (harvest, biometrics, etc.) performed carefully to reduce stress? 100 0
71 Field logbook used for zootechnical records? 80 20
72 Workers use appropriate personal protective equipment? 40 60
73 Preventive maintenance of machines and equipment performed? 40 60
74 Adequate cleaning protocol for areas, equipment, and utensils? 40 60
75 Vaccines applied? 40 60
76 Dead fish removed daily? 100 0
77 Clinical signs of dead fish observed by a qualified professional? 80 20
78 Mortality recorded in tanks and/or ponds? 100 0
79 No atypical mortality > 0.4% per day for five consecutive days? 60 40
80 In atypical mortality, samples collected and lab tests performed? 60 40
81 Dead fish disposed of properly? 60 40
82 Periodic pest monitoring conducted and findings recorded? 80 20
83 Pest control in storage and production areas is effective? 60 40
84 No domestic animals present on the farm? 80 20
85 Control of wild animals such as invasive fish and piscivorous birds? 100 0
86 Sanitary fallowing practiced? 50 50
87 Ponds allowed to dry naturally under sunlight? 40 60
88 Removal of accumulated sediments from pond bottoms? 100 0
89 Elevated or lined tanks disinfected before new batches? 100 0
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preventive maintenance, and formal cleaning protocols. Pest 
control programs were reported by 60%, but none of the farms 
contracted specialized companies or kept documented records.

In addition, environmental measures such as fallowing (50%) 
and natural pond drying (40%) showed low adoption rates, 
despite being widely recommended to interrupt pathogen cycles.

These results reinforce that, although management practices 
are well consolidated, significant gaps remain in occupational 
and environmental biosecurity that must be addressed to ensure 
greater system resilience. The literature confirms that failures 
in PPE usage, cleaning protocols, and fallowing reduce the 
effectiveness of sanitary control (Ahmadivand et al., 2025; 
Makovska et al., 2025).

Statistical analysis and variability
The combined analysis confirmed that biosecurity practices 

in fish farms in the Federal District are partial and heterogeneous. 
While measures such as water monitoring, feed management, 
and mortality recording are widely implemented, others remain 
fragile, including visitor control, use of PPE, pest management 
programs, and sanitary fallowing.

Statistical tests support this scenario. The χ2 test did 
not identify significant differences among thematic groups 
(χ² = 5.359; p = 0.147), and the ANOVA likewise confirmed the 
absence of relevant mean variation (F = 0.665; p = 0.586). On the 
other hand, significant differences were observed among farms 
(p < 0.001), indicating that variability is more closely associated 
with individual management practices of producers than with 
specific biosecurity categories.

The moderate variability (standard deviation = 12.7%) 
suggests some degree of alignment among farms, although without 
consolidated standardization. The water quality group proved to 
be the most consistent, whereas equipment and vehicles exhibited 
greater heterogeneity, reflecting structural and managerial gaps. 
This is consistent with studies indicating that access control remains 
one of the most neglected aspects of aquaculture biosecurity 
(Kyule-Muendo et al., 2022; MacKinnon et al., 2023). These 
differences are illustrated in Fig. 1, which presents the compliance 
analysis by groups, highlighting the stronger performance of the water 
quality dimension and the weaknesses observed in risk assessment.

Relational analysis

The relational analysis revealed consistent association patterns 
among practices. A total of 140 significant pairs were identified 
(p < 0.05), with strong correlations (Cramér’s V ≈ 0.80; Pearson 
|r| > 0.5), particularly among records, quarantine protocols, and 
access control. Cluster analysis grouped the 89 questions into 

five blocks, highlighting a subset of advanced requirements 
with low adherence (e.g., pest control by specialized companies, 
vehicle disinfection declarations, formal records).

This outcome demonstrates the presence of two organizational 
axes of biosecurity: the first related to administrative barriers, 
involving records, quarantine protocols, and formalization of 
procedures; and the second linked to environmental barriers, 
focusing on water monitoring and treatment, which are essential 
for maintaining sanitary conditions in aquaculture (Fig. 2).

G1: biosecurity practices on farms (23 questions); G2: access control and 
equipment sanitization (13 questions); G3: measures for vehicles, visitors, and 
workers (seven questions); G4: water quality monitoring (12 questions); G5: 
implementation of preventive and/or corrective measures (34 questions).

Figure 1. Compliance percentage by biosecurity group in fish 
farms of the Federal District (DF, federative unit of Brazil and 
headquarters of the federal government). 
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Figure 2. Organizational axes of biosecurity in fish farms: 
administrative barriers and environmental barriers. 

Although some practices are perceived as alternatives 
(negative correlations), the literature is clear: effectiveness 
depends on the overlap of multiple barriers (Aly & Fathi, 2024; 
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Subasinghe et al., 2023). Recent studies further emphasize 
that isolated administrative measures rarely sustain sanitary 
protection without integration with sound environmental and 
management practices (Aly & Fathi, 2024; Muniesa et al., 2022). 
Thus, the evaluated fish farms are still at a stage of partial 
consolidation, with stronger emphasis on certain axes and low 
adherence in others, indicating the need for more comprehensive 
protocols and continued technical support.

Exploration of patterns and latent structures
The hierarchical cluster analysis (Fig. 3) was conducted to 

identify latent grouping patterns among the biosecurity questions, 
allowing us to highlight which practices tend to be perceived or 
applied in a similar manner by producers. This approach aimed 
to reveal implicit dimensions of sanitary management that do not 
emerge solely from the individual descriptive analysis of variables.

The results indicated the formation of four distinct clusters. 
Cluster 1 (Fig. 3) comprised 23 questions, mostly related to basic 
biosecurity practices on farms (G1), but also including monitoring 
aspects (G3) and preventive measures (G5), suggesting that 
these actions are perceived as integrated into daily production 
routines. Cluster 2 (Fig. 3), with 27 questions, concentrated 
most of the measures concerning access control and sanitization 
(G2), in addition to practices associated with the implementation 
of preventive measures (G5), indicating that producers tend to 
associate physical barriers with prevention protocols. Cluster 3 
(Fig. 3), with 25 questions, stood out for integrating internal 
farm management practices (G1) and water monitoring (G4), 
revealing a connection between operational routine practices and 
environmental quality surveillance. Finally, Cluster 4 (Fig. 3), 
composed of 14 questions, mainly grouped measures directed 

G1: biosecurity practices on farms; G2: access control and equipment sanitization; G3: measures for vehicles, visitors, and workers; G4: water quality monitoring; G5: 
implementation of preventive and/or corrective measures.

Figure 3. Dendrogram of the hierarchical cluster analysis of biosecurity questions, using the Ward.D2 method and Euclidean distance. 
Colors delimit the four identified clusters. Each code represents a question from the survey instrument, in which G indicates the 
thematic group and P corresponds to the question number within each group. 
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at vehicles, visitors, and workers (G3), along with specific 
preventive actions (G5), demonstrating that these practices are 
perceived as a distinct block associated with external risks of 
pathogen introduction.

This clustering pattern reinforces that, although biosecurity 
practices show overlap among thematic axes, producers structure 
their perception into relatively cohesive nuclei: 
•	 Basic internal routines; 
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•	 Barriers and sanitization; 
•	 Integration of operational management and environmental 

monitoring; 
•	 Measures addressing external risks. 

Such a structure highlights both the areas with greater 
consolidation and those that may compromise the effectiveness 
of biosecurity protocols.

Principal component analysis 

The PCA (Fig. 4) was employed with the objective of 
reducing the dimensionality of the set of questions and 
identifying the main axes of variability in producers’ responses. 
The first two principal components jointly explained 60.4% 
of the total variance, increasing to 74.2% when the third 
component was considered, demonstrating that a substantial 
portion of the heterogeneity can be summarized in a few latent 
axes. The first principal component accounted for 41.1% of 
the variance, mainly reflecting practices related to vehicles, 

visitors, and workers (e.g., G3P39, G5P66, G5P67), whereas 
the second principal component, responsible for 19.2% of the 
variance, emphasized specific preventive measures, such as 
those associated with pest control programs and sanitization 
protocols (e.g., G5P73, G5P75). Questions G3P40, G3P41, 
and G4P46 also emerged among the strongest contributors, 
indicating that the perception of biosecurity is structured around 
the intersection between external access control, implementation 
of preventive barriers, and environmental monitoring. These 
findings suggest that, although biosecurity is a multifactorial 
construct, certain thematic axes stand out as determinants of 
variability among farms, offering key points for strengthening 
sanitary management strategies.

Figure 5 presents the heatmap of the correlation matrix of the 
20 questions with the greatest variation in responses among the 
evaluated fish farms, as detected by the PCA. Positive correlation 
blocks (in red) and negative correlation blocks (in blue) can be 
observed, highlighting association patterns among biosecurity 

Figure 4. Principal component analysis applied to biosecurity practices in fish farms of the Federal District, Brazil. Arrows represent 
the original variables (questions coded as GxPy, in which G indicates the thematic group and P the corresponding question, with x 
and y referring to group and question number, respectively), while points correspond to the evaluated fish farms. The arrangement of 
vectors indicates the relative contribution of each variable to the principal components.

Explained variance: PC1 = 41.1% | PC2 = 19.2%
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G1: biosecurity practices on farms; G2: access control and equipment sanitization; G3: measures for vehicles, visitors, and workers; G4: water quality monitoring; G5: 
implementation of preventive and/or corrective measures; P: the question number within each group.

Figure 5. Heatmap of the correlation matrix of the 20 questions with the greatest variation in responses among fish farms evaluated 
for biosecurity practices in the Federal District, Brazil. 

practices. Questions related to sanitary control and structural 
organization of farms (e.g., G5P65, G5P56, and G2P35) tend 
to cluster together, suggesting that fish farms adopting certain 
measures are also likely to implement others simultaneously. 
Conversely, the presence of negative correlations between some 
variables, such as G1P21 and G3P37, indicates practices that do 
not necessarily coexist within the same enterprises. This visual 
mapping allows the identification of groups of interdependent 
measures and potential implementation gaps, providing valuable 
insights for guiding technical recommendations and more 
integrated management policies.

CONCLUSION

Biosecurity in tilapia hatcheries of the Federal District is 
partially implemented and heterogeneous. While water quality 
management is well established, critical gaps remain in risk 
control, preventive measures, and epidemiological surveillance. 
These weaknesses highlight the need for standardized protocols, 

technical training, and improved biosecurity practices to 
strengthen the sanitary and economic sustainability of the sector.
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